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PREFACE TO SIXTH EDITION 


More tlian the usual amount of time and effort has been pven toward 
making this new edition of Bergey’s Manual useful. The volume has 
been completely revised and is reset in double column format so that each 
page carries about 20 per cent more type than the pages in the fifth edition. 
Those who are interested in special groups of bacteria will find something 
new in the presentation of the relationships in every genus. Because 
of our rapidly expanding knowledge, changes in the outline classification 
and text were made necessary. These changes have in every case been 
made by specialists in consultation with the Editorial Board. Every spe¬ 
cialist possesses first hand knowledge of the species in the group that he or 
she has reviewed. 

Because increasing knowledge has shown the fission fungi to be a larger 
and more diversified group than previously realized, the number of species 
described has increased from 1335 in the fifth eefition to 1630 in the present 
edition of the Manual. This number does not cover all of the descriptions 
found in the literature for, as in all other fields of biology, many of the 
descriptions are so inadequate that the species described cannot now be 
identified. Many descriptions are obvious or probable duplications of 
previous descriptions while still others are based on nothing more substan¬ 
tial than the author’s belief that he had something new, he having made 
but little I’ffort to compare his cultures with those found by previous 
investigators. An indication of the large munber of inadequate descrip¬ 
tions will be found by referring to the material in the appendixes to the 
various groups, and to the index where synonjuns and incompletely 
described species are shown in italics. 

The large number of those poorly described species suggests that there 
has been much unsatisfactory work done in the field of bacteriological 
taxonomy. Progress in this inadequately developed field is needed as it 
would help to clarify the approach to desirable research in many fields of 
bacteriology. 

It is believed that both teachers and investigators will find the new 
Source and Habitat index useful. li is important to know what organisms 
have been described from any given habitat in determining the identity of 
a described species or whether a given species is new. 

The future development of taxonomic work holds several interesting 
possibilities of increased international cooperation such as between the 
various National Type Culture Collections and within the International 
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viii PREFACE TO SIXTH EDITION 

Association of Microbiologists. The Trust Funds provided through the 
generosity of Dr. Bergey before his death have been used in developing the 
present edition of the Manual and future funds are to be used in the same 
way under the management of a self-perpetuating Board of Editor-Trustees. 

We are all under obligation to those who have given so freely of their 
time and special knowledge in preparing this edition cf the Manual. 
Moreover the Editor-in-Chief is under special obligation to his wife, 
Margaret Edson Breed who has carried the burden of the indexing; to Mrs. 
Eleanore Heist Clise who has given invaluable service in bibliographical 
research, in proof reading and other ways; and to his secretary. Miss Maude 
Hogan, who has cared for many difficult manuscripts and a voluminous 
technical correspondence. 

Many binomials not previously mentioned in the Manual will be found 
in the Index of Genus and Species Names. Each new pame means that 
there is a new bibliographic reference in the text. Practically all of the 
incomplete leferences of previous editions and all new references have been 
examined in the original, something that is essential in all accurate taxo¬ 
nomic work. The index of names is the most complete list that has ap¬ 
peared in the literature and should always Ixj consulted before new genus 
or species names are proposed. 

This edition of the Manual has been more than four years in press, thanks 
to the care that has been taken to make it complete and useful. Through¬ 
out, the Editorial Board has had the cooi)eration and understanding help 
of the publishers of the book who themselves have been forced to meet and 
overcome the trying difficulties of the war years. 

The plan of the present book is such that it will be found useful both to 
teachers and research workers. 

Robekt S. Breed, Chairman 
li. G. D. Murray 
A. Parker Hhuhens 
Board of Editor-Trustees. 


April, 1947. 



PREFACE OF FIRST EDITION 


The elaborate system of classification of the bac;teria into families, tribes 
and genera by a (^ommitU'e on (’haracterization and Classification of the 
Society of American Bacteriologists (1917,1920) has made it very desirable 
to be able to place in the hands of students a more detailed key for the 
identification of species than any that is available at present. The valuable 
IxKik on “Determinative Bactt^riologj’” by Professor F. D. Chester, pub¬ 
lished in 1901, is now of very little assistance to the student, and alt pievious 
classifications are of still less value, e.specialty as earlier systems of classifica¬ 
tion were based entirely on morphologic characters. 

It is hoped that this manual will serve to stimulate efforts to perfect the 
classitication of bacteria, especially by emphasizing the valuable features 
as well as the weaker points in the new system which the Committee of the 
Society of .tVmcrican Bacteriologists has promulgated. The C'ommittee 
does not regard the classification of species offered here as in any sense 
final, but merely a progress report leading to more satisfactory’ classification 
in the future. 

The CommitU'e desires to cxprc.ss its appreciation and thanks to those 
membt r.^ of the society who gave valuable aid in the compilation of material 
and the classification of certain species. . . . 

The assistance of all bacteriologists is earnestly solicited in the correction 
of possible (*rrors in the te.xt; in the collection of descriptions of all bacteria 
that may have b(*en omitted from the text; in supplying more detailed 
descriptions of such organisms as are de.scril)ed incompletely; and in furnish¬ 
ing complete descriptions of new organisms that may be discovered, or 
in directing the attention of the Committee to publications of such newly 
described bacteria. 

David H. Bergey, Chairman 
Francis C. Harrison 
Robert S. Breed 
Bernard W. Hammer 
Frank M. Huntoon 
Commillee on Manual. 

August, 1923. 
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INTRODUCTION 


Suggestions for the Use of the Manual in Classifying 
Unknown Organisms 

No organism can be classified before we have determined, through de¬ 
tailed study, its morphological, cultural, physiological and pathogenic 
characters. 

The characters used in the keys to orders, families and genera may ordi¬ 
narily be determined by the use of a dozen or more of the procedures de¬ 
scribed in the Manual of Pure Culture Study issued by the Committee on 
Bacteriological Technic (H. J. Conn, Chairman, Geneva, New York) of the 
Society of American I3acteriologists. More complete examinations must 
be made as indicated in the Manual of Pure Culture Study, and in the 
Descriptive Charts which accompany this Manual where it is desired to 
identify individual species. These tests must be made if bacteria are to be 
accurately identified and described. 

It is urged that beginning students be taught the technics necessary for 
the identification of species in the hope that the taxonomic work of the 
future may be placed on a more satisfactory basis. 

After a complete study of the characters of the organism has been 
made, turn to page Go and ascertain first in which order the organism 
belongs. When the order and suborder (if necessary) have been ascer- 
taiiKHl, turn to the page of the Manual on which the key to that order or 
suborder is given. In tliis key ascertain the family or subfamily to which 
the organism belongs. 

WTien the family or subfamily has been decided on, again refer to the 
page of the M.\ni al on which the key to that family or subfamily is given. 
In this key :iscertain the tribe to which the organism belongs. 

When the tribe has boon decided on, again find the page of the Manual 
on which the key to the tribe is given. In this key ascertain the genus 
to which the organism iK'longs. 

Wlien the genus has been decided on, again refer to the page of the 
Manual on which the key to that genus is given. In this key, trace out 
the species under invo^stigation. 

For example, if one wishes to trace a short, peritrichous, Gram-negative, 
non-spore-forming rod that grows well on ordinary culture media at 37®C, 
fermenting glucose and lactose with production of acid and gas, not 
liquefying gelatin, producing no pigment on any culture medium, with 
negative reaction for acetylmethylcarbinol, producing indole and reducing 
nitrates, consult the key to the orders on page 65. 

1 
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In this key examine A. Cells rigid, not flexuous. This indicates our or¬ 
ganism as its cells remain constant in form. 

We next examine 1. Cells single, in chains or masses. Not branching and 
mycelial in character. Not arranged in filaments. Not add fast. As the 
organism in question occurs as single cells or at most as short chains and is 
not acid fast, this indicates that it belongs to the Order Evbacteriales. 

We now examine a. Do not posse.'<s photosynihetic pigments. Cells do not 
contain free sulfur. As our organi.sm is unpigmcnted and the cells do not 
contain free sulfur, this indicates that our organism belongs to the Sub-order 
Eubacteriineae. We note that the key to this suborder is on page 
67. 

We next attempt to ascertain the family to which the organism belongs 
by tracing it through the key to the familiesof the Sub-order Eubacteriineae, 
p. 67. 

I. No endospores indicates our organism. We proceed to A. Can develop 
on inorganic media. As the organism cannot grow without organic carbon, 
we turn to B. Cannot develop on inorganic media. 

This corresponds with the physiologj’ of our organism; so we turn to 

1. Polar flagellate, etc. As our organism is peritrichous, we proceed to 

2. Large oval, pleomorphic cells sometimes almost yeast-like in appearance. 
Free living in soil. Fix free nitrogen. As this does not correspond with the 
morphology or physiology of our organism, we next examine 3. Peritrichous 
or non-motile rods, and coed. Tliis corre.sponds with the characteristics of 
our organism. 

We turn to a. Heierotrophicrodswhichmaynot require organic nitrogen for 
growth. Usually motile with one to six or more flagella. Usually form nodules 
or tuberdee on roots of plants, or show violet chromogenesis. 

This again does not indicate our organism; so we turn next to aa. Heter- 
otrophic rods or coed which utilize organic nitrogen and usually carbohydrates. 
As our rod-shaped u.^anism prefers a medium containing organic nitrogen, 
we proceed to b. Spherical cells in masses, tetrads and packets. 

This does not correspond to the morphology of our organism, and we now 
proceed to bb. Spherical cells which grow in pairs and chains; and rods. 
This includes our rod-shaped organism; so we turn to c. Gram-positive 
coed and rods. Non-motile. Since these are not the characteristics .of our 
organism, we turn to cc. Gram-negative rods. When motile, from four to 
many peritrichous flagella. 

Our organism is Gram-negative and peritrichous; so we proceed to d. 
Grow well on ordinary media containing peptone. Aerobic to facultative 
anaerobic. 

This corresponds with the characteristics of the organism we have 
studied; so we turn next to e. Gram-negative, straight rods which ferment 
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sugars with ilxe formation of organic acids. This again corresponds with our 
organism. Wc turn n(‘xt to f. Produce litilr or no acid from lilmus milk. 
This does not correspond with the charncters we have determined for our 
organism. We proceed lo IT. Produce TYI wuf frequently visible gas (CO 2 + 
II 2 ) from glucme. Reduce nitrates^ etc. 

Our organism produce*^ visible gas from glucost* and reduces nitrates. 
This indicate.s that it belongs to Family X. Entcrohaclcriaceae, p. 443. 

This appears to fit our unknown organism. We now refer to page 443 
on which the key to the Family Fnterobacleriaceae is found. In this key we 
ascertain the Tribe to which our organism belongs. 1. Ferment glu¬ 
cose and lactose with the formation of acid and visible gas. Usually do 
not liquefy gelatin. Tribe I. Eschericheae. 

This corresponds with the characters exhibited by our organism. We 
refer to tKe key for Tribe I. Eschericheae on the same page. 1. Methyl 
red test positive. Voges-Proskaucr test negative. Salts of citric acid may or 
may not he rised as sole source of carbon. Genus /. Escherichia, p. 444. 

This description appears to correspond with that of our unknown or¬ 
ganism. We find the key to the species of Genus Escherichia follows the 
key to the Tribe Eschericheae. On tracing our organism in this key w^e find 
that*it corresponds to Escherichia coli. A brief description of this or¬ 
ganism is found on the same page. 

* In the use of keys for identifying bacteria, the student is confronted 
with two difficulties, both bas('d primarily on lack of knowledge and ex¬ 
perience. The first is insufficient knowledge concerning the morphology, 
physiology, possible pathogenicity and habitat of the microorganisms that 
are to be identified. This may be due to carel(*ss observations or to poor 
training in the special techniques that must be used in determining the 
identity of a given bacterium. 

The second difficulty in the use of a key comes from inexperience in the 
use of technical terms; that is, the student may not thoroughly understand 
the meaning of the statement in the key and so cannot follow^ a route 
through the key with certainty. For example in the keys used here, the 
student must know the difTcrence (1) between chains of cells which are 
composed of dividing cells w hich do not separate at once, and (2) filaments 
which arc composed of dividing cells which remain more permanently to¬ 
gether and are normally flattened against each other on adjacent sides. 
They may show’ some difTerentiation into hold fast cells and i*eproductive 
cells (conidia), (3) Both chains of cells and filaments are to be distinguished 
from the mycelial threads found in Adinomycctaceac. These are unseptate 
and branching with a true branching. 

* Condensed and paraphrased from Hitchcock's Descriptive Systematic Botany, 
New York, 1935. 
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The student should be warned not to take descriptions in the Manual 
too literally or too rigidly. Descriptions are usually drawn to reprecent 
average findings. Especially among bacteria, characters such as sugar 
fermentations, gelatin liciuefaction, presence or absence of flagella and 
other things will vary. Sometimes these variations are due to slight, 
possibly unrecognized variations in the techniciues used in determining 
these characters. Real knowledge of the characteristics of species may also 
be very incomplete. This is true not onlj' of the physiological activities 
of these microorganisms; but also in regard to such detectable structural 
features as the number and position of flagella. Dark field movies of motile 
cells and photographs taken with the recently developed electron micro¬ 
scope are revealing new and heretofore unsuspected facts regarding struc¬ 
tural features. 

Source and habitat data are frequently helpful in aiding the student 
to recognize species of bacteria and may indicate that the pathogenicity of 
the culture in question may need to be tried on some specific animal or 
plant. By habitat is meant the kind of a place in which the organism 
normally grows; by source, the particular material and place from which 
the culture was obtained. This source may or may not indicate the 
natural habitat. The source of cultures is invariably more limited in scope 
than the habitat iis bacteria normally occur wherever their particular 
habitat may be found in a world wide distribution. 

The student is also reminded that it is impracticable to note all exceptions 
in keys. Bacteria like other living things are classified according to a 
combination of characters, not according to .some single character, and ex¬ 
ceptions to the characters noted in the keys will occur in nature. The^se 
may not be known to or may have been overlooked by the author of the key. 
On the other hand, the importance of such exceptions should not be over¬ 
emphasized and the student would do well to use the key lis if there were no 
exceptions. 



HISTORICAL SUIIVP:Y OF CLASSIFICATIONS (JF 
BACTERIA, WITH P:^IPH^S1S ON OUTLINP:S 
PROPOSED SINCE 1923* 

There have been nuinerutis attempts to arrange the speeies of bacteria in 
natural systems of classilicaticjii. The first simple system of Muller (Ver- 
mium terrestrium et fiuviatilium, 1773) which he develoix;d further a few 
years later (Animalcula infusoria fluviatilia et marina, 1786) listed but two 
genera {Vibrio and Moms) that included organisms that would today 
prol)ably be accepted as bacteria. Polyatujium Link (Mag. d. Ges. Natur- 
forsch. P’reunde zu Berlin, 3, 1809,12) is apparently the oldest of the generic 
terms retained in its original meaning for a f)acferial genus while Serratia 
Bizio (Biblioteca italiana o sia giornale de lettera, ••'Cienze ed arti, 30, 1823, 
288) was proposed only fourteen years later. 

Systems of cliUvsification develotwd after 1773 are given in complete 
outline form in the first edition of the Ma.m'.vi. (1923) and this section of 
the Manu.vl wiis reprinted without material change in the second (1925) 
and third (1930) editions. While it is not felt to Ijc nece.s.sary to repeat 
these outlines in their entirety, .sufficient reference is made below to permit 
the student to trace the origin of generic terms that are no longer commonly 
found in cla.ssification outlines. No attempt has been made to include 
reference to other little usetl generic terms except as they appear as syn* 
onyms in the descriptive portion of the M vntal. For the origin of generic 
terms propo.sed before 1925, see Enlows (The GeiKTic Names of Bacteria, 
But. No. 121, Hygienic Laboratory, Wa.«tiington, I). ('., 1920) and Bu¬ 
chanan (General Systematic Bacteriology, Baltimore, 1925). 

Bory St. Vincent (.Microscopiques, Dictionnaire classique d’histoire 
naturelle, 10, 1826, 533) introduced the generic terms Spirilim, Melanella, 
Lactrimatoria and Pupcila and accejited Vibrio for microorganisms, .some of 
which must have been bacteria. None of these terms, except Vibrio, are in 
current u.se for bacterial groups. 

Three of the terms accepted or proiwsed by Ehrenberg (Die Infusions- 
ticrchen als volkommcne Organismen, I^eipzig, 1838); namel}’. Vibrio, 
Spirillum and Spirochadn, are still used. The generic term Bacterium 
proposed first by Ehrenberg in 1828 (Symbolae Physicae sen leones et 
Dcscriptioncs Animalium FN'ertebratorum Separasitis Insoctis quae ex 
Itinere per Afri(!am Borealem et Asiam Occidentalem, I^^ Evertebrata, 
Berlin) to include but a single species Bacterium triloadare from an oasis 

• Contributed by Prof. R. S. Breed, New' York State Experiment Station, Geneva, 
Now York, July, 1938; revised, September, 1943. 
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in North Africa, has had a varied history because this type species (mono- 
typy) is no longer identifiable. It was reintroduced into the classification 
employed in the fifth edition of theMA.vuAL to cover species of non-spore- 
forming rods whose positions in the outline given in the Manual have not 
yet been satisfactorily determined (Breed and Conn, Jour. Bact., SI, 1936, 
517) and is used in the present edition with the same meaning. The term 
Spirodisciis was applied by Ehrenberg to a single organism that he found in 
a mountain stream. It has never been reidentified and subsequent authors 
have discarded this term. 

Two new generic terms (.\fclallacter, Sporonema) were introduced by 
Perty (Zur Kenntniss kleinster Lebensformen, 1852). Neither Metalhckr 
nor Sporonema is in common use at the present time. 

Davaine (Dictionaire encyclop. des sciences m6d.. Art. bact6ries, 1868) 
introduced one new generic term, Bacteridium, for straight motionless rods 
like the anthrax bacillus. 

The generic terms employed by Cohn in his first classification (Unter- 
suchungen uber Bakterien. I. Beitriige z. Biol. d. Pflanzen, 1, Heft 2, 
1872, 146) are all in current use. Only one (Bacillus) was new. Other 
generic terms were introduced into his .second paper (Untersuchungen fiber 
Bakterien. II. ibid., I, Heft 3, 1875, 141) which contained his mor 
complete classification. For various rea.sons, six of the.se, Merismopedia, 
Clalhrocystis, Ascococcus, Mycono.stor, Cladothrix and Streptothrix are not 
found in recent bacteriological clas.si(ieations. 

Mangin (Les Bact(?ries, Paris, 1878) recognized three subgenera of the 
genus Monas, the first of which Rhabdomonas Cohn, 1875 is still used as a 
generic term, while the other two, Ophidomonas Ehrenberg, 1838 and Spiro- 
monas Perty, 1852 have been dropped. 

The bacterial species that had been placed in the genus Clalhrocyslis by 
Cohn (1875) were separated and placed in a new genus Cohnia by Winter 
(Die Pilze in Rabenhorst’s Kryptogamcn Flora, 1880), and this name is also 
used by Burrill (The Bacteria, Springfield, 111., 1882). Because this name 
had previously been propo.«ed for a genus of lilies, it was soon dropped. 

Zopf (Die Spaltpilze, Leipzig, 1883) accepts Phragniidwlhrix, a generic 
name sugge.sted by Englcr in 1882 for a single species found on the body of 
a crustacean (Gammarus locusta). Later authors generally either merge 
this genus with Crenothrix Cohn or disregard it because of the indefinite 
description of the one species included in it. 

Baumgarten (I^ehrbuch der pathologlschen Mykologie, Braunschweig, 
1890) following Hueppe accepts the term, Spirulina, for a genus of pleo¬ 
morphic bacteria, disregarding the previous use of the term by algologists. 

The generic terms found in Migula’s first outline (Bakterienkunde fiir 
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Landwirte, Berlin, 1890) were those in conventional use at the time and 
many of them continue in use. Two new terms were introduced for motile 
types in his second outline (Arb. Bact. Inst. Karlsruhe, /, 1894, 235) and 
are also found in his later outlines (Engler and Prantl, Die natiirlichen 
Pflanzenfamilien, 1, la, 1895, 29, and System* der Bakterien, 1, 1897, 46, 
and 2, 1900,269 and 275) which have not been generally felt to be necessary 
by subsequent authors. These are Planococcua and Planosarcina. Spiro- 
aoma introduced by Migula in 1894 and Rhabochromatium Winogradsky ac¬ 
cepted by Migula in 1900 are likewise no longer generally used. Newtkia 
(original spelling Nevskia Famintzen, Bull. Acad. Imp. Sci., St. Petersburg, 
34 (N.S. 2), 1892, 484) has recently been revived by Henrici and Johnson 
(Jour. Bact., 29, 1935, 3 and 30, 1935, 83). The generic term Microspira 
Schroeter, accepted by Migula in 1894, is still frequently accepted in place 
of Vibrio as many regard it as having a better status than the later term. 

The term Psevdomonas was first proposed for polar flagellate bacteria bj- 
Migula in his 1894 outline with reference to but a single species. Pseudo¬ 
monas violacea, an organism which later investigators have sho^^'n to be 
peritrichous (Cruess-Callaghan and Gorman, Sci. Proc. Roy. Dublin Soc., 
21, 1935, 213). Pseudomonas was repeated in the 1895 outline with 
descriptions of Pseudomonas pyocyanca and other species. Later authors 
have generally accepted the term Pseudomonas as valid. 

Fischer (Jahrb. f. wissensch. Bot., Berlin, 27, 1895, 1) introduced a 
logical outline classification in which he proposed various new terms which 
have never come into general use. These are Paracloster, Paraplcclrum, 
Arlhrobacter, Bactrinium, Clostrinium, Phctrinium, Arlhrobactrinium, 
Bactrillum, Clostrillium, Plcclrillium, ArthrobactrilHum, Bactridium, Plcc- 
tridium, Diplectridium, and Arthrobactridium. In his modified classifica¬ 
tion (Vorlesungen iiber Bakterien, 1897), he also accept.s Pcdiococcus 
Balcke, a term that has fallen into disuse except in the brewing indus¬ 
try. 

In the conservative classification proposed by Ijehmann and Neumann 
(Atlas und Grundriss der Bakteriologie, 2 vols., 1896, Miinchen), inter¬ 
nationally accepted rules of nomenclature were followed. All of the generic 
terms employed by them are still in current use, their most important 
contribution being their acceptance of the suggestion that the genus 
Bacillus be separated from the genus Bacterium on the basis of endospore 
formation by the rods included in BaciUus. Two new genera were proposed 
(Corynebacterium and Mycobacterium) that have been generally accepted 
by later workers. 

No new generic terms are proposed by Chester either in his preliminaiy 
reports (Delaware College of Agriculture, 9th Aim. Rept., 1897,53 and 62; 
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11th Ann. Kept., 1899, 36), or in his complete outline (Manual Determ. 
Bact., 1901). Almost all of the generic terms found in his outlines are still 
in current use. 

The term Aplanobacler suggested by Erwin F. Smith (Bacteria in Rela¬ 
tion to Plant Diseases, I, 1905, 171, Washington) was accepted by certain 
American phytopathologists for a time but has never come into general use. 

Because other differences between the non-chromogenic and chromogenic 
micrococci are unimportant, two generic terms, Albococciis and Aurococcus, 
suggested by the Winslows (Science, 21, 1905, 669; Systematic Relation¬ 
ships of the Coccaceae, New York, 1908) have not come into general use. 
They also suggested Rhwiococcus to include Rhmhcoccus roscus and R.fulvus 
apparently without realizing that Zopf (Her. d. ilout.sch. bot. (lesellsch. 
Berlin, 9, 1891, 28) had previously used the same term for Rhodococcus 
erythromyxa and R. rhodoclirous. Han.sgirg (Rngler and Prantl, Die 
natiirlichen Pflanzenfatnilien, /, la, 1895, 52) had also u.seil it previously 
to designate a sub-genus of the green algae, and later Molisch (Die Purpur- 
bakterien, Jena, 1907, 20) used Rhodococcus for a genus of the purple 
bacteria to include Rhodococcus capsuUitus. 

In his complete outline of the cla.ssification of bacteria prc.scnted in 1909, 
Orla-Jensen (Cent. f. Bakt., II Abt., 22, 1909, 305) introduced many new 
generic terms in an effort to create a nomenclature that api)eared to him to 
express the natural relationships of bacteria more satisfactorily than names 
previously suggested had done. Thus he u.sed the suffixes coccus and 
sarcina for spherical bacteria and monas for all genera known to be lopho- 
trichous or so related to these types that they wen* regarded as es.sentially 
lophotrichous in nature. In the .same way the suffix bacterium was used 
for genera of non-spore-forming rods that were regarded as es.sentially 
peritrichous in nature, and the suffix bacillus for similar spore-forming rods. 
As, however, subsequent investigators have (1) accepted the priority rule, 
(2) felt that it was impo.ssible to recognize the type of motility found in the 
ancestry* of truly non-motile groups, or (3) felt that other characters were 
more fundamental than those selected by Orla-Jensen, many of these terms 
have not been generally u.sed by later w'orker.s. 

Among the little use<l terms suggested or accepted by Orla-Jensen are: 
Acetimonas, Nilromonas, Azotomonas, Rhizomonas, Corynemonas, Myco- 
monas, Stdfomonas, Thiomonas, Thiococcus, Rhodomonas, Rhododictyon, 
Amoebomonas, Rhodopolycoccus, Rhodosarcina, Spirophyllum, Denitro- 
monas, Ldquidomonas, lAquidovihrio, Liquidococcus, Solidococcus, Solido- 
vibrio, Sporosarcina, Denitrobacierium, Caseobacterium, Liquidobacterium, 
UrchacHlus, Butyribacillus, Pectobacillus, CeUulobaciUus, Putribacillus and 
Bobdobacillus. 
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While Nitromonaa is not new, it is redefined as a synonym of Nitrobacter 
Winogradsky (Arch. Sci. Biol. St. Petersburg, 1, 1892,87), rather than as a 
synonym of Nitromonaa Winogradsky (Ann. Inst. Past., 3, 1890, 258). 
Spirophyllum is from Ellis (Cent. f. Bakt., II Abt., 19, 1907, 507). 

In a later monograph on The Lactic Acid Bacteria (M^m. d. Acad. Roy. 
Sci. et Ivcttres de Danemark, Sect. Sci., 8 S6r., 5,1919, No. 2) Orla-Jensen 
proposes the following additional generic terms: lietarorrna,lietalHicterium, 
Streptobaderium, Thcrmvbaderium and Microbaderium. The term Tdra~ 
coccus is introduced with a meaning different from that given the term 
previously by v. Klecki (Cent. f. Bakt., 15, 1894, 354). 

Buchanan prepared an outline cla,s.sification in 1916 (Jour. Bact., 1, 
1916,591; 2, 1917,155,347,603; 3,1918, 27,175,301,403, 461,591) which 
was utilized in part by the group of which he was a member (Win.slow, 
Broadhurst, Buchanan, Krumwiede and Smith) in their preliminary Report 
to the Society of .\merican Bacteriologists (Jour. Bact., 2, 1917, 552) and 
in the final report by Winslow, Broadhurst, Buchanan, Krumwiede, Rogers 
and Smith (Jour. Bact., 5, 1920, 191;. 

Although prepared earlier, some parts of the Buchanan outline were not 
published until after the first Winslow et al. report. .Vs these reports 
formed the most important basis for the classification used in the first edi¬ 
tion of the Manual, it is natural that the generic terms utilized are, in 
general, the same as those u.sed in the Manual. 

Generic and subgencric terms included by Buchanan that are not used 
in the present edition of the Manual are: ParaspiriUum Dobell (Arch. f. 
Protistenk., 24, 1911, 97), Eubacillus Hansgirg (Osterr. Bot. Ztschr., 38, 
1888, 264; not Eubacilhis Dangeard, Le Botanistc, 2, 1891, 151) and Meta- 
badrrium Chatton and Perard (Comp. rend. Soc. Biol., Paris, 65, 1913, 
1232). Siderocapsa Molisch (Ann. Jard. Bot. Buitenzorg, Ser. 2, Supp. 
3, HK)9, 29) used by Buchanan but dropped by Win.slow et al (Jour. Bact., 
2, 1917, 549) does not api^ear in the Manu\l cla.s.sification outline until the 
pre.sent (6th) edition. The term Mycoderma recognized both by Buchanan 
(Jour. Bact., 3, 1918, 45) and in the preliminary Winslow et al. report 
(Jour. Bact., 2, 1917, 551) was replaced by the later and more valid term 
Acdohactcr in the final report by Winslow et al. (Jour. Bact., 5, 1920, 201). 
PfeiffcrcUa Buchanan (Jour. Bact., 3\ 1918, 54) which is used in the three 
outline classifications under discussion and also in the first, second and third 
editions of the Manual, appeared in the literature through a clerical error 
(Buchanan, General S)^tematic Bacteriology, 1925,420). It was combined 
in the fourth edition of the ^Ianual with the genus Actinobacilltis under the 
latter name. Nocardia Trevisan (1889) used by Buchanan and in the 
preliminary report by Winslow et al. (1917) was merged with AcHnomycea 
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Har* (Jahresber. Miinchen. Thierarzneisch. for 1877-78, 125) in the final 
report by Winslow et al. Erythrobadllus Fortineau (Compt. rend. Soc. Biol. 
Paris, 58, 1905,104) is used by Winslow et al. (1920) but was not accepted 
in the first and following editions of the Manual as it is a synonym of the 
older SerraUa Bizio (1823). Moreover, the species which must be accepted 
as type for the genus {Erythrobacillus pyosepiicus Fortineau (monotypy)) 
is a species which has been reported by Breed (Manual, 3rd ed., 1930, 117) 
to be a variant of the older Serralia marcescens. 

One of the most unsatisfactory portions of recent classifications, such as 
those outlined by Buchanan (1917-18) and by Winslow et al. (1917), is 
the treatment given the organisms of the coliform-dysentery-typhoid group 
in that the term Bacterium is retained for the.se as suggested by Orla- 
Jensen (1909). A strict limitation of Bacterium to this group gives it a still 
different meaning from that which it had had in previous and current 
classifications, and makes it necessary to find some other place for many 
other species of Gram-negative, non-spore-forming rods, some of which are 
well known and well described. The relation.ships of these mi.scellancous 
species to other non-spore-forming rods is frecjuently poorly understood. 
In some cases, further study will probably show that they should be placed 
in well knomi and currently recognized genera. In others, further study 
will probably show that some of these species of non-spore-fornjing rods 
should be grouped in new genera. 

Winslow et al. (1920) recognized this .situation and broadened their defini¬ 
tion of Bacterium thereby placing such well known species as are included 
in the colon-dysentery-typhoid group with other species of non-sporc-form- 
ing rods of quite a different character. For this rca.son, partial u.se was 
made in the first edition of the Manual of the numerous generic terms newly 
proposed by Castellan! and Chalmers (jManual of Tropical Medicine, 3rd 
ed., 1919). Thus the following new terms were introduced: Akaligenes, 
Salmonella, Escherichia and Encapsulalus; and the earlier terms Acrobacter 
Beijerinck (1900) and Eberthella Buchanan (1918). Later it was found that 
Encapsulatus was a synonym of Klebsiella Trevisan (1887), so that the latter 
term was accepted in the second and subsequent editions of the Manual. 
Shigella Castellani and Chalmers was recognized as distinct from Eberthella 
in the third and subsequent editions. 

Many of the new terms suggested by Castellani and Chalmers were, 
however, synonyms of earlier valid terms or have not been considered 
necessary, and so they have not come into general use. These are Nigro- 
eoccus, Gradloides, Cloaca, Eberthus, DyserUeroides, Lankoides, Weseribergus, 
BalkaneUa and Enteroides. No new generic terms are given by Castellani 
and Chalmers in their later report (Ann. Inst. Past., 84, 1920,600). 
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Orla-Jensen (Jour. Bact., 6, 1921, 263), in a paper published after the 
manuscript of the first edition of the Manual was prepared, suggested the 
use of Colibacterium and Aerogene8bact€riuin for the two genera in the 
coliform group and adds quite a number of other new terms formed in 
accordance with his system of nomenclature'. These are, in most cases, 
synonyms of earlier valid names. The new terms are Cocconumas, Spiro- 
monos (used in a new, different sense from that of earlier authors), Fluoro- 
monas, Photomonas, Propionicoccus, Butyridostridium and Pulridoslridium. 

Many new terms are proposed in the classification drawn up by Heller 
(Jour. Bact., 6, 1921, 521; and 7,1922,1). Details are given in the group 
of anaerobic spore-formers only. Here each of the new generic terms is 
based on a single species. The following outline is given in the first of these 
papers, two new genera (RivoUtUus and Metchnikovillvs) being made the 
type genera* for two new subfamilies Clostridioideae and Putrificuideae, 
respectively. 

Phylum I. Bacteria 

Class 1. Eubacterieae 
Order 1. Eubactcriales 

Family G (?). Clostridiaceae 
Subfamily 1. Clostridioideae 
Subfamily 2. Putrificoideae 
Order 2. Tkiobacteriales 
Order 3. Chlamydobacteriales 
Class II. Myxobacterieae 

In the more complete outline in the second paper, one generic term 
(Clos tridium ) is old, although it is used in a new and restricted sense, while 
^h the exc.eption of the type genera mentioned above, the other terms 
are new. In the subfamily Clostridioideae, the new terms are OmelianskiUus, 
Madntoshillus, Douglasillus, Henrillus, FlemingiUus, VaUorillus, MtdH- 
fermentans, HibleriUus, WekkiUus, Stoddardilius, Arloingillus, MeyeriUut 
and NoviUus. Ten new generic terms are used in the subfamily Putrifi¬ 
coideae as follows: Sequinillus, RegliUus, Robertsonillus, NicoUaieriUus, 
MartelliUus, RecordiUus, TissieriUus, Pvirijicus, ErmengemiUus, and Wein- 
bergillus. As there does not seem to be any good reason for sub-dividing 
the genus Clostridium in this way, the latter term has been used to cover 
anaerobic spore-forming rods in all previous editions of the Manual, and is 
again used in the present edition in this sense rather than with the restricted 
meaning proposed by Heller. 

Enderlein (Sitzber. Gesell. Naturf. Freunde, Berlin, 1917,309) proposed 
an outline classification covering the Kingdom of Mychota, or bacteria, 
which was based on comparative morphology with special emphasis on life 
cycles. This was as follows: 
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Phylum I. Dimychota 

Kreis A. Holocyclomorpha 
Class I. Gonascoia 
Order a. Synascota 

Family 1. Sckaudinnidae 

Genus a. Schaudinnum 

b. Theciohactrum 
Family 2. Sphaerotilidae 

Genus a. Phragmidiothrix 

b. Newskia 

c. Chlamydothrix 

d. Sphaerotilus 

e. Clonothrix 
Family 3. Syncrotidae 

Genus a. Crenothrix 

b. Beggiatoa 

c. Syncrotia 

d. Zygoslasia 
Family 4. Spirillidae 

Genus a. Gallionella 

b. Spirillum 
c- Dicroapirillum 
Family 5. Spirochaelidae 
Genus a. Criatispira 

b. Treponema 

c. Entomoapira 

d. Spirochaeia 

e. Cacoapira 
Family 6. Microapiridae 

Genus a. Spirobacillus 

b. Spiroaorna 

c. Photobacterium 

d. Microapira 

e. Dicrospira 
Family 7. Corynnbacteriidae 

Subfamily 1. Aclinomycinae 
Genus a. Actinomyces 
Subfamily 2. Eiaenberginae 
Genus a. Eiaenbergia 
Subfamily 3. Sclerolrichinae 
Genus a. Zettnowia 

b. Schlerothrix 

Subfamily 4. Corynobacteriinae 
Genus a. Corynobacterium 

b. Heierocyatia 

c. Cladaacua 

d. Zygoplagia 

Subfamily 5. Paeudoatrepinae 
Genus a. Paeudoatreptua 
Order b. Aacota 

Family 8. Bacteriidae 
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Genus a. Atremis 

b. Bacterium 

c. Lamprella 

d. Eucyslia 

e. Dicroh^irum 

f. Acysiia 
Family 9. Fmifarmidae 

Genus a. Fuaiformis 
Class II. Sporaacoia 

Order a. Paraaynaacota 
Family 10. Migulanidae 

Genus a. Migulanum 
Order b. Paraacota 

Family 11. Bacillidae 

Genus a. Rhagadaacia 

b. Plectridium 

c. BactUua 

d. Bactrillum 

e. Kochella 

f. Fischerinurn 
Kreis B. Hemicyclomorpha 

Class I. Anaacota 

Family 12. Hemalloaidae 
Genus a. Hemalloaia 
Phylum II. Monomychota 
Kreis A. Acyclomorpha 

Family 1. Mogallidae 

Genus a. Mogallia 
Family 2. Sarcinidae 

Genus a. Diplococcua 

b. Sarcxna 

c. Pauloaarctna 
Family 3. Mxcrococcxdae 

Genus a. Micrococcua 

b. Planococcua 

c. Streptococcua 

d. Phacelium 

Three of the new generic terms, Cladascus type species C. furcabUis 
Enderlein, Zygoplagia type species Z. altemans Enderlein and Hetetocystia 
type species H, multiformiis Enderlein, had been proposed in an earlier 
paper (Sitzber. Gesell. Naturf. Freunde, Berlin, 1916,395). The following 
generic terms in the 1917 outline are new: Schaudmnuniy Theciohacirum^ 
Syncrotis, ZygostasiSy Dicrospirilluniy Entomospiray Cacospiray Dicrospiray 
Eisenbergiay Zettnomay PseudostreptuSy AtremiSy LampreUay Eucystiay Dicro- 
bactrumy Acystiay Migulanuniy Rhagadasday KochelUiy Fischerinumy Hemal- 
losiSy Mogalliay Paulosarcina and Phacelium, Note that Carynobacterium 
is spelled with an o instead of an e. 

Terms accepted from earlier workers that have not previously been 
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mentioned are: Spirobadllus MetschnikofF (Aim. Inst. Past., S, 1889, 62), 
Photobacterium Beijerinck, Maanblad voor Natuurwetenschappen Amster* 
dam, 16, 1889, 1 and Aixh. Ne6rl. d. Sci. Exactes, 83, 1889, 401), and 
Sderothrix Metschnikoff (Arch. f. Path. Anat. u. Physiol., 113, 1888. 
63-94; not Sderothrix Kuetzing, Species Algarum, 1849, 319). 

The above outline was changed in 1925, p. 235 ff. (Bakterien-Cyclogenic 
Berlin, 390 pp.) by the addition of one new family, Chondromycidae, tu 
include the genus Newskia, formerly included in Sphacrotilidae, and nine 
genera not previously given as follows: Chondromyces, Cyslodesmia, Mono- 
cystia, Ophiocystia, Apelniocoena, Polyangium, Cystoecemia, Myxococcus and 
Dactylocoena. All except Chondromyces, Polyangium and Myxococcus are 
taken from Enderlein (Bemerkungen zur Systematik der Chondromyciden, 
Berlin, 1924, 6 pp.). 

The new genus Lohnisium is added in the Family Eisenbergiinae to in¬ 
clude the acetic acid and legume bacteria, and he also proposes the generic 
term Macroajstita (p. 278) for certain bacteria described by Peklo (O 
mSici krvdve (Study of the blood louse). Zem^delskdho Archivu (Agri¬ 
cultural Archives), 1, 1916) from aphids. According to Enderlein it is not 
clear whether this genus should be included in the Family Bacteriidac or in 
Corynobacteriidae. 

Two genera proposed by others are also accepted. These are Calym- 
matobacterium Aragao and Vianna (Mem. Inst. Oswaldo Cruz, 6, 1912,211) 
placed in the family Migulanidae, and Leuconostoc Van Tieghem placed in 
the family Micrococcidae. 

Later Enderlein (Sitzber. Gesell. Naturf. Freunde Berlin, 1930,104-105) 
accepts Serratia Bizio in place of Dicrobactrum and Leptotrichia Trevisan in 
place of Syncrotis. Streptus with Streptus scarlatinae as type species, is 
proposed to cover the streptococci not included in Pseudostrepius. 

The outline suggested by Pringsheim (Lotos, 71, 1923, 357) is similar to 
that used by Lehmann and Neumann (Atlas und Grundriss der Bakterio- 
logie, 2 vols., 1896, Miinchen). It is a conventional division into spherical, 
rod-shaped and curved forms so far as the true bacteria are concerned except 
that the pseudomonads are included in the same family as the vibrios and 
spirilla. Rhodobacteriales is recognized as an order to include the sulfur 
purple bacteria and the nonsulfur purple bacteria. Few details are given 
in regard to the other orders. His outline follows: 

Schizomycetes 

Order I. Euhacterialez 
Family 1. Coccaceae 
Genua a. StreptococcuM 

b. Micrococcus 

c. Sarcina 
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Family 2. Bacteriaceae 
Genus a. Bacterium 

b. Bacillus 
Family 3. Spirillaeeae 

( Genus a. Pseudomonas 

b. Vibrio 

£ c. Spirillus ^ 

Order II. Rhodobacterialea 
Family 1. Rhodobacierinae 

' 2. Thiorhodinae 

Order III. Myxobacteriales 
Fam i 1 y 1. M yxobacteriaceae 
Order IV. Mycobacteriales 

Family 1. Corynebacteriaceae 

2. M ycobacteriaceac 

3. Actinomycelaceae 

(Also possibly the long rod, lactic acid bacteria.) 

Order V. Desjuobacteriales 

Family 1. Chlamydobacieriaceae 
2. Beggialoaceae 

The first outline classification drawn up by Janke (Allgemeine Technische 
Mikrobiologie, I Teil, Dresden, 1924, p. 63) is an adaptation and expansion 
of that drawn up by Migula (System der Bakterien, 19(X)). The new genera 
recognized by Janke are Planostreptococcua A. Meyer (Die Zelle der Bak¬ 
terien, Jena, 1912), Thioploca Lauterbom (Ber. cltsch. Bot. Gesell., 26y 
1907, 238), Thiobaclerium Molisch (Cent. f. Bakt., II Abt., SS, 1912, 55), 
Thiobacillus Beijerinck (Cent. f. Bakt., II Abt., 11, 1904, 593), Thiovibrio 
Janke {loc, cit,), Thiospirillum Winogradsky (Beitrage zu Morphol. u. 
Physiol, d. Bakterien. Heft 1. Schwefelbakterien. Leipzig, 1888), Thio- 
sphaerella Nadson (Bull. Jar. bot. Petersburg, 13, 1913, 106; ref. in Cent, 
f. Bakt., II Abt., 4^, 1915, 469), Thiovulum Hintze (Ber. Dtsch. Bot. 
Gesell., SI, 1913,189), Spirophyllum Ellis (Proc. Roy. Soc. Edinburgh, g?, 
I, 1907, 21; ref. in Cent. f. Bakt., II Abt., 19, 1907, 502), Nodofolium Ellis 
(Cent. f. Bakt., II Abt., 26, 1910, 321), and Actinococcus Beijerinck (Fol. 
Microbiol., 2, 1914,185). 

Janke’s outline classification is given below: 

Order I. Eubacteria 
Family 1. Coccaceae 

Genus a. Streptococcus 

b. Micrococcus 

c. Sarcina 

d. Planostreptococcus 

e. Planococcus 

f. Planosarcina 
Family 2. BacUriacsas 

Genus a. Bacillus 
b. Bacisrium 
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Family 3. Spir%llace<u 

Genus a. Microspira 

b. Spirillum ^ 

c. Spirosoma 
Order 11. Hhodobacteria 

Family 1. Thiorhodacecte 
Subfamily la. Thiocysteae 


Genus a. 

Thiocystia 

b. 

Thiocapaa 

c. 

Thioaphaera 

d. 

Thioaphaerion 

e. 

Thioaarcina 

Subfamily 2b. Lamprocysteae 

Genus a. 

Lamprocyatia 

Subfamily 3c. 

Thiopedieae 

Genus a. 

Thiopedia 

b. 

Thioderma 

Subfamily 4d. Amoebobacterieae 

Genus a. 

Amoebobacter 

b. 

Thiothece 

c. 

Thiodictyon 

d. 

Thiopolycoccua 

Subfamily 5e. 

Chromatieae 

Genus a. 

Chromatium 

b. 

Rhabdochromaiium 

c. 

Thiorhodoapirillum 

Subfamily 6f. 

Rhodocapaeae 

Genus a. 

Rhodocapaa 

b. 

Rhodothece 

Family 2. Aihiorhodaceae 

Subfamily la. 

Rhodocyaieae 

Genus a. 

Rhodocyatia 

b. 

Rhodonoatoc 

C. ' 

Rhodococcua 

d. 

Rhodobacierium 

e. 

Rhodohacillua 

f. 

Rhodovibrio 

g- 

Rhodoapirillum 


Order III. Thiobacieria 
Family 1. Beggiatoaceae 
Genus a. Thiothrix 


b. Beggialoa 

c. Thioploca 
Family 2. Thiobacteriaceae 

Genus a. Tkiophysa 

b. Thiobacterium 

c. Thiobacillus 

d. Thiovibrio 

e. Tkioapirillum 

f. Thiosphaerella 

g. Thiovulum 

h. Achromatium 
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Order IV. Phycobacteria 

Genus a. Leptotkrix 

b. Clonothriz 

c. Cladothrix 

d. Crenolhrix 

e. Phragmidioihrix 

Appendix Genera Gallionella, Spirophyllum, Nodofolium 
Order V. Mycobacteria 

Family 1. Mycobacteriaceae 

Genua a. Corynebacterium 

b. Mycobacterium 
Family 2. Actinomycetaceae 
Genus a. Actinomyce$ 
b. Actinococcus 
Order VI. Myxobacteria 

Family 1. Myxobacteriaceae 
Genus a. Myxococcue 

b. Chondromycei 

c. Polyangium 

Lehmann and Neumann (Bakt. Diag.,2 vols.,7th ed., Miinchen, 1926-27; 
Breed, Eng. trans., New York, 1931) developed their first simple and much 
used outline classification, drawn up in 1896, in later editions of their 
" terminative Bacteriology. The 1927 Lehmann and Neumann outline 
as follows: 

(’lass I. Sekizomycetes 
Order I. Schizomycetales 
Family 1. Coccaceae 
Genus a. Streptococcus 

b. Sarcina 

c. Micrococcus 
Sub-genus a. Diplococcus 

b. (Gram-positive group) 

Family 2. Bacteriaceae 
Genus a. Bacterium 

Sub-genus a. Nitrosomonas 

b. Nitrohacter 

c. Rhizobium 

d. Haemophilus 

e. Brucella 

f. Pastsurella 

g. (Glanders and dysentery group) 

h. (Photogenic group) 

i. (Aerogenes group) 

j. Bncapsulatus 

h. (Typhoid group)* 

1. Sadmonslla 
m. (Coli group)* 

* In a footnote under these groups, the authors refer to the names given by CaaM* 
lani and Chalmers. 
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n. Acetobacterium 

o. (Cloacae group) 

p. (Red chromogens) 

q. (Blue and violet chromogens) 

r. Pseudomonas 
8. Proteus 

App. Erysipelothrix 
Genus b. Fusobacterium 

c. Plocamobacterium 
Family 3. Desmobacteriaceae 

Genus a. Beggiatoa 
b. Leptothrix 
Sub-genus a. Leptothrix 

b. Chtamydothrix 
Genus c, Crenothrix 

d. Cladothrix 

e. Thiothrix 
Family 4. Spirillaceae 

Genus a. Vibrio y* 

b. Spirillum 
Family 5. Spirochaetaceae 
Genus a. Spirochaeta 
Family 6. Bacillaeeae 
Genus a. Bacillus 

Sub-genus a, (Aerobic group) 

b. (Anaerobic group) 

Order II. Actinomycelales 

Family 1. Proactinomycetaceae 
Genus a. Corynebacteriurn 
b. M ycobacteri u m 
Family 2. Actinomycetaceae 
Genus a. Actinomyces 


The generic term Bacterium is retained in this outline to cover those 
groups of the true bacteria that are Gram-negative, non-spore-forming, 
motile and non-motile rods. Lehmann and Neumann recognize 20 sub¬ 
groups in this genus, many of which correspond with the genera recognized 
in the Manual. In an effort to develop a rational nomenclature the term 
Acetobacterium (occurs first in review by Ludwig, Cent. f. Bakt., II Abt., 
4,1898,870) is used in place of Acetobacter, Plocamobacterium (Loewi, Wien, 
klin. Wchnschr., SS, 1920,730) in place of Lactobacillus^ and Fusobacterium 
(Knorr, Cent. f. Bakt., I Abt., Orig., 89y 1922, 4) in place of Fusiformis 
without regard to priority. Encapsulatus Castellani and Chalmers (Man¬ 
ual Tropical Med., 3rd ed., 1919,934) is used in place of Klebsiella Trevisan 
(Atti Accad. Fis.-Med.-Stat. Milano, Ser. 4, 3, 1885, 107). 

Janke (Cent. f. Bakt., II Abt., 33, 1926, 481) reprints the classification 
developed in the first edition of the present Manual and compares it with 
that proposed by Orla-Jensen and Enderlein. 
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The second complete outline drawn up by Janke (Oesterr. Bot. Zeitschr., 
78, 1929, 108) is similar to the classification employed by Lehmann and 
Neumann (Bakt. Diag., 2 vols., 7th ed., Miinchen, 1926-27). He follows 
Enderlein in placing i4zoto5acter in close association with the spore-forming 
rods. No new generic terms are suggested. His sub-groups of the genus 
BcLcterium are even more closely similar to the genera used in the present 
edition of the Manual than are the sub-groups of Lehmann and Neumann. 

Family 1. Coccaceae 

Genus a. Micrococcus 

b. Neisseria 

c. Slrepiococcus 

Divided into 4 groups. 

d. Sarcina 

Divided into 2 groups. 

Family 2. Bacillaceae 
Genus a. Bacillus 

Divided into 16 groups, 

b. Azotohacter 
Family 3. Bacteriaceae 
Genus a. Bacterium 

Divided into 27 groups, 

b. Fusiformis 

Family 4. Corynobacleriaceae 
Genus a. Mycobacterium 

b. Corynobacteri u m 

c. Actinomyces 
Family 5, Spirillaceae 

Genus a. Microspira 

Divided into 2 groups, 
b. Spirillum v ^ 

Divided into 2 groups. 

Family 6. Spirochaetaceae 
Genus a. Spirochaeia 

b. Borrelia 

c. Treponema 

d. Crislispira 

e. Saprospira 

f. Leptospira 

Family 7. Desmobacteriaceae 
Genus a. Beggiatoa 

b. Thioploca 

c. Thiothrix 

d. Leptotrichia 

e. Crenolhrix 

f. Sphaerotilus 

g. Clonothrix 

h. Leptothrix 

i. Phragmidiolhrix 



20 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Family 8. Myxobacteriaceae 
Genus a. Myxococcus 

b. Polyangium 

c. Chondromyces 

Pribram (Jour. Bact., 18, 1929, 361) has rearranged some groups and 
combined others (e.g., Rhizobium, Diplococcus, Leuconostoc, Serratia, 
Flavobacterium, Chromobacterium, Achromobaeter, Cellulomonaa) recognized 
in the first edition of the Manual with little change in the nomenclature 
except among the anaerobic non-spore-forming rods and among the spore- 
forming rods. Unfortunately, he has sometimes used family and species 
names as generic names, thus in the latter case introducing adjectives and 
adjectival terms as substantives. New generic terms suggested are: 
Dialisterea, Bacteroidea, Centrosporus, Fusibacillus, Pseudobadllus, Mega¬ 
therium, Plexus, Anthrax, Botidinus, Chauvoea, Botuliryea, Putrificus, 
Welchia, Phleobacterium, Distasoa, Tissieria, and Actinouiomyces. Astasia 
as it appears in this outline does not appear to be the same as Astasia Meyer 
(Flora, 84, 1897, 185). Aerobacilius is not synonymous with Aerobacillus 
Donker (Inaug. Diss., Delft, 1926). Sideromonas is accepted from Cho- 
iodny (Ber. Deutsch. Bot. Ges., 40, 1922, 326). 

Pribram’s complete outline follows: 

Class Schizomycetes 

Subclass A. Protozoobacteria 
Order 1. Spirochaetalez 
Family 1. Spirochaeiaceae 
Genus a. Spirochaeta 

b. Treponema 

c, Spironema 
Family 2. Cristiepiraceae 

Genus a. Saprospira 

b, Cristispira 

c. Leptospira 
Subclass B. Eubacteria 

Order I. Protobacteriales 
Family 1. Nitrobacteriaceae 
Related to Pseudomonas 
Tribe A. Hydrogenomonadae 
Genus a. Hydrogenomonas 

b. Methanomonas 

c. Carboxyodomonas 
Tribe B. Nitrobactereae 

Genus a. Nitrosomonas 

b. Nitrobader 
Family 2. Thiohacillaceao 
Tribe A. Thiobacilleae 
Genus a. ThiohaeiUws 
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Order II. Metahacterialea 

Family 1. Paeudomonadaceae 
Tribe A. Spirilleae 
Genus a. Spirillum 
Tribe B. Ft6rioneo€ 

Genus a. Vibrio 
Tribe C. Paeudomonadecie^ 

Genus a. Paeudomonaa 

b. Azotobacier 

Connects with Polyangiaceae and Nitrobacleriaceaa 
Family 2. Bacteriaceae 
Tribe A. Aerobactereae 
Genus a. Aerobacter 

b. Escherichia 

c. Salmonella 

d. Ebert kella 

e. Proteus 

Tribe B. Pasteurelleae 
Genus a. Alcaligenes 

b. Pasteur ella 
Connects with Pfeifferella 

c. Hemophilus 
Connects with Dialister 

Family 3. Micrococcaceae 
Tribe A. Slreptococceae 
Genus a. Neisseria 

b. Streptococcus 
Tribe B. Micrococceae 
Genus a. Micrococcus 

b. Staphylococcus 

c. Sarcina 

Connects w’ith Algobacteria 
Subclass C. Mycobacteria 
Order I. Bacteriomycetales 
Family 1. Leptotrichaceae 
Tribe A. Acetobactereae 
Genus a. Acetobactcr 
Connects wdth Salmonella and Tissieria 
Tribe B. Leptoiricheae 
Genus a. Kurthia 

b. Lactobacillus 
Connects with Corynebacterium 

c. Leptotrichia 
Connects with Eryaipelothriz 

Family 2. Bacteroidaceae 
Tribe A. Dialiatereae 

Genus a. -Type species Dialiaterea variegata 

Connects with JHaiaaoa 

b. -Type species Dialiaterea variabilia 

o. Dialiater 
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Connects with Hetnophilve 
Tribe B, Bacteroideae 

Genus a. -Type species Bacteroidea mullifarmu 

b. Bacteroidea 
Connects with Tiaaieria 

c. -Type species Bacteroidea fuaiformia 

Order II. Bacillomyceialea 

Family 1. Bacillaceae 
Sub-family la. Aerobacilloideae 
Tribe A. Aerobacilleae 
Sub-tribe Al. Centroaporineae 
Genus a. Centroaporua 

b. Fuaibacillua 
Sub-tribe A2. Aerobacillineae 
Genus a. Aerobacillua 
Tribe B. Paeudobacilleae 
Genus a. Paeudobacillua 
Sub-family lb. Bacilloideae 
Tribe A. Bacilleae 
Sub-tribe Al. Bacillineae 
Genus a. Bacillua 

b. Megatherium 
Sub-tribe A2. Aata^ineae 
Genus a. Aataaia 

b. Flexua 

Tribe B. Anthraceae 
Genus a. Anthrax 
Family 2. Cloatridiaceae 
Sub-family 2a. Botulinoideae 
Tribe A. Botulineae 
Genus a. Botulinua 

b. Chauvoea 

c. -Type species Botulinea aaccharolytica 

-Type species Botulinea butyrica 

Tribe B, Putrificeae 
Genus a. Putrificua 
Sub-family 2b. Cloatridioideae 
Tribe A.- Welchieae 
Genus a. Welchia 
Tribe B. Cloatridieae 
Genus a. Qjoatridium 
Order III. ActinomycSalS^ 

Family 1. Mycobacteriaceae 
Tribe A. Actinobacilleae 
Genus a. Pfeifferella 

Connects with Paateurella 

b. Adinobacillua 

c. Corynebacterium 

d. Eryaipelothriz 
Connects with Lapioiriehia 



SURVEY OF CLASSIFICATIONS OF BACTERIA 


23 


Tribe B. Mycobaetereae 
Genus a. Phleobacterium 

b. Mycobacterium 
Tribe C, Tiseierieae 
Genus a. Distasoa 

b. Tiasteria 

Connects with Bacteroidea^ Corynebacierium and Acelobaeter 
Family 2. Actinomycetaceae 
Tribe A. ActinoidomyceCaceae 
Genus a. Aclinoidomycea 
Tribe B. Actinomycetaceae 
Genus a. Actinomycea 
Subclass D. Algobacleria 
Order I. Deamobacterialea 
Family 1. Sphaerotilaceae 

Genus a. Sphaeroiilua 
Order II. Siderobacterialea 

Family 1. Chlamydotrich^iceae 
Tribe A. Chlamydotricheae 
Genus a. Leptothrix 

b. Crenothriz 
Family 2. Siderocapaaceae 
Genus a. Didymohelix 

b. Siderocapaa 

c. Sideromonaa 
Order III. Tkiobacterialea 

Family 1. Rhodobacieriaceae 
Sub-family la. Chromatoideae 
Tribe A. Thiocapaeae 
Genus a. Thiocyaiia 

b. Thioaphaera 

c. Thioaphaerion 

d. Thiocapaa 

e. Thioaarcina 

f. Lamprocyaiia 
Tribe B. Thiopedieae 

Genus a. Lampropedia 
b. Thiodenna 
Tribe C. Amoebobacieriae 
Genus a. Amoebobacter 

b. Thiodictyon 

c. Thioihece 

d. Thiopolycoccua 
Tribe D. Chromatieae 

Genus a. Chromalium 

b. Rhabdomonaa 

c. Thioapirillum 

d. Rhodocapaa 

e. Rhodoihaca 
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Sub-family lb. Rhodobacteraideae 
Tribe A. Rhodobacieriaceae 
Genus a. Rhodobacterium 

b. Rhodobacillua 

c. Rhodovibrio 

d. Rhodospirillum 

e. Rhodosphaera 
Tribe B. Rhodocysteae 

Genus a. Rhodocyaiis 

b. Rhodonoatoc 
Connects with Leuconoatoc 
Family 2. Beggiatoaceae 
Genus a. Thiothrix 

b. Daggiatoa 

c. Thxoploca 
Family 3. Achromatiaceae 

Genus a. Achrcmatium 

b. Thiophyaa 

c. Thioapira 

d. Hillhouaia 
Order IV. Myxobacierialea 

Family 1. Pohjangiaceae 

Genus a, Chondromyces 

b. Polyangium 
Family 2. Myzococcaceae 
Genus a. Myxococcva 

Later Pribram (Klassification der Schizomyceten (Bakterien), Leipzig 
and Wien, 1933,143 pp.) developed this classification into a suggestive out¬ 
line based on his experience in caring for the cultures of the Krai Collection. 
His most interesting contribution is the separation of the class of Schizo- 
mycetes into three subclasses which are based on differences in fundamental 
biological and nutritional relationships. The fourth sub-class of his earlier 
outline (the Protozoobacteria with its single order Spirochaetales) is omitted 
from this outline. The first class, Algobacteria, includes the bacteria that 
are primarily free living in water, usually motile with polar flagellation and 
live on easily soluble foodstuffs. They are frequently surrounded by in¬ 
soluble secretions such as capsules, sheaths, etc., and form insoluble prod¬ 
ucts in their protoplasm, such as calcium, sulfur and iron compounds, and 
pigments. The class Eubacteria includes those bacteria whose normal 
habitat is the animal body or complex waste products of plant or animal 
origin. Because of adaptation to environment, these organisms are motile 
or non-motile and can utilize compounds of complex molecular structure. 
The third sub-class, Mycobacteria, is adapted to life in soil, and shows a dis¬ 
tinct tendency to differentiation in morphology and spore formation. 

Internationally accept^ rules of nomenclature are generally followed, 
and the generic terms proposed in his earlier outline that were not formed 
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in accordance with recommended practices are discarded. He has revived 
Uhnna Kiitzing, 1837 (status explained by Buchanan, General Systematic 
Bacteriology, 1925, p. 518) in place of Acetobacter Beijerinck and accepted 
Plocamobacteriuvi (Loewi, Wien. klin. Wchschr., SS, 1920, 730) in place of 
Lactobacillus Beijerinck, 1901. Among the spore-forming rods, he has 
accepted Bactrillum Fischer and WelchiUus Heller, 1921. MdUeomyces 
Hallier (Bot. Ztg., 24, 1866,383) is used for the glanders baciUus. AtUhra- 
cUlus is apparently new. 

The new outline has the following form: 

Class. Schizomycetea 

Subclass A. Algobacteria 
Order 1. Micrococcalea 

Family 1. Microeoccaceae 
Genus a. Microeoccua 

b. Rkodocoecua 

c. Rhodoeapaa 

d. Thiocapaa 

e. Thioaphaera 

f. Thioaphaerion 

g. Thiocyatia 

h. Lamprocyatia 
u Sarcina 

j. Thioaarcina 
Family 2. Pediococcaceae 
Genus a. Pediococcua 

b. Lampropedxa 

c. Thiothece 

d. Thiopoly coccus 

e. Thioderma 

{, Amoehomonaa 

g. Rhodoihece 

h. Rhodonoatoc 

i. Thiophyaa 
Order 2. Paeudomonadalea 

Family 1. Paeudomonadaceaa 
Genus a. Paeudomonaa 

b. RhodohaeiUua 

c. Chromatium 

d. NUroaotnonaa 

e. Vibrio 

f. Rhodovibrio 

g. Myxococcua 

h. Spirillum ^ 

i. Rhodoapirillum 

j. Thioapira 

k. ThioapiriUum 
Family 2. Sarratiaeeae 

Genua a. Sarralia 

b. HUUiouaia 
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Family 3. NUrobcLcieriaceae 
Genus a. Ntirobaeter 

b . Rhodobacteri um 

c. Rhodocyatts 

d. Didymokelix 

e. SideromonoB 

f. Siderocapaa 

g. Chondromycea 

h. Polyangiutn 

i. A moebobacier 

j. Thiodiciyon 
Family 4. Azotohacteriaceae 

Genus a. Rhizobium 

b. Azotobacter 
Order 3. Leptotrichalea 

Family 1. Leptotrichctceae 
Genus a. Lepiothrix 

b. Sphaerotilua 

c. Crenothrix 
Family 2. Clonothrichaceae 

Genus a. Clonoihrix 
Order 4. Rhabdomonadalea 

Family 1. Rhabdomonadaceae 
Genus a. Beggiatoa 

b. Rhabdomonaa 

c. Thioploca 

d. Thiothrix 

Family 2. Spirochaeiaceae 
Genus a. Spirochaeta 

b. Treponema 

c. Leptoapira 

d. Criatiapira 

e. Saproapira 
Subclass B. Eubacteria 

Order 1. Aerobacierialea 

Family 1. Aerobacteriaceae 
Genus a. Aerobacter 

b. Eacherichia 

c. Salmonella 

d. Eberthella 

e. Shigella 

Family 2. Paateurellaceae 
Genus a. Paateurella 

b. Brucella 

c. Haemopkil ua 

d. Neiaaeria 

Order 2. Plocamobacterialea 
Family 1. Sireptococcaceae 
Genus a. Strepiocoecua 
Family 2. Ulvinaeeae 
Genus a. Proieug 
b. Kwrihia 
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c. U Ivina 

d. Plocamobacterium 

e. Leptotrichia 
Family 3. Bacteroidaceae 

Genus a. Dialister 

b. Aerobacteroide* 

c. Bacteroidea 

d. Fuaobacterium 
Subclass C. Mycobacteria 

Order 1. Bacillalea 

Family 1. Bacillaceae 
Genus a. Bactrillum 

b. Aerobacillua 

c. Bacillua 

d. Anthracillua 
Family 2. Cloatridiaceae 

Genus a. Qlqatridiuin 

b. Welchillua 
Order 2. Mycobaclerialea 

Family 1. Mycobacteriaceae 
Genus a. Malleomycea 

b. Actinobacillua 

c. Corynebacterium 

d. Eryaipelothrix 

e. Mycobacterium 

f. Distaaoa 

g. Tiaaieria 

Family 2. Actinomycelaceae 
Genus a. Aciinomycoidea 
b. Actinomycea 

Janke (Cent. f. Bakt., II Abt., SO, 1930, 481) reprints the earlier outline 
prepared by Pribram (1929) and, after commenting on I^hmann and 
Neumann’s (1927) outline, proposes an outline which is slightly modified 
from his own previous (1929) outline. Two new subgeneric terms are used, 
Anaerobacillus and Eubacterium. The sub-genus Aerobacillus is apparently 
not the same as Aerobacillus Donker (Inaug. Diss., Delft, 1926), nor as 
Aerobacillus Pribram (Jour. Bact., 18, 1929, 361). 

Family I. Micrococcaceae 
Genus 1. Micrococcua 

Divided into 2 sections. 

2. Neiaaeria 

3. Streplococcua 

Divided into 4 sections. 

4. Sarcina 

Divided into 2 sections. 

Family II. Bacillaceae 
Genus 1. Bacillua 

Sub-genus a. Anaerobacillua or better Cloatridium 
Divided into 6 sections. 



28 


MAimAL OF OBTBBMINATIVB BACTBRIOtOOT 


b. Aerobaeilltit or better Eubacillut 
Divided into 10 sections. 

Family III. Baeteriaceae 
Genus 1. Bacterium 

Sub'genus a. Peeudomonae 

Divided into 6 sections. 

b. Eubacierium 

Divided into 11 sections. 

c. Trichobacterium 

Divided into 6 sections. 

Genus 2. Fusiformis 
Family IV. Corynobacleriaceae 
Genus 1. Mycobacterium 

2. Pfeifferella 

3. Eryeipelotkrix 

4. CorynobMterium 

5. Aciinomycee 
Family V, Spirillaceae 

Genus 1. Microepira or Vibrio 
Sub-genus a. Microepira 
b. Spiroaoma 
\.>/Genus 2. Spirillum 

Sub-genus a. Spirella 

b. Dicroapirillum 
Family VI. Spirochaetaceae 
Genus 1 Spirochaeta 

2. Cacoepira 

3. Entomoepira 

4. Treponema 

5. CrUtUpira 

6. Saprospira 

7. Leptospira 

Family VII. Deamobacteriaceae 

As in 1929 outline. 

Family VIII. Myxobacteriaceae 

As in 1929 outline. 

Kluyver and Van Niel (Cent. f. Bakt., II Abt., 94, 1936, 369) have 
developed an outline classification in which they indicate four lines of 
development from the simplest form of cell that is existent and conceivable, 
the sphere. They assign family rank to each of these four groups of bac¬ 
teria, placing the lophotrichous (and related non-motile) rod-shaped bac¬ 
teria first (Pseudomonadaceae). This is followed by the family of spherical 
bacteria {Micrococcaceae) and the family of permanently non-motile, rod¬ 
shaped bacteria {Mycobacteriaceae). The final family includes the peritri- 
chous (and related non-motile) rod-shaped bacteria, the Baeteriaceae. 
These are grouped in the tribes of each family in accordance with their 
fundamental metabolism as photo-autotrophic, photo-heterotrophic,chemo- 
autotrophic and chemo-heterotrophic. Their outline follows: 
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Family A. PBeudamanadticeae 

I. Tribe Sptrilleae 

Genus 1. Thioapirillum 

2. Phaeoapirillum 

3. Rhodoapirillum 

4. SulfoBpiriUum 

5. Spirillum '—^ 

II. Tribe Vibrioneae 

Genus 1. Chromaiium 

2. Rhodovihrio 

3. IH dymohelix 

4. Vibrio 

5. Desulfovibrio 

III. Tribe Pseudomonadeae 

Genus 1. Thioihece 

2. Phaeomonaa 

3. Rhodofuonaa 

4. Sulfomonaa 

5. Sideromonaa 

6. Niiroaomonas 

7. Nitrobacter 

8. Acelobacter 

9. Paeudomonaa 

10. Rhizobium 

11. Azoiobacier 

12. Liaierella 

13. Acromonas 

14. Zymomonaa 

15. Melhanobacterium 
Family B. Micrococcaceae 

IV. Tribe Micrncocceoe 

Genus 1. Chlorobium 

2. Thiopolycoccua 

3. Rhodococcua 

4. Achromatium 

5. Siderocapaa 

6. Niiroaococcua 

7. Neisseria 

8. Micrococcus 

9. Veillonella 

10. Peptococcus 

11. M ethanococcua 

V. Tribe Sarcineae 

Genus 1. Thiopedia 

2. Thioaarcina 

3. Gaffkya 

4. Sarcina 

5. Zymoaarcina 

6. Butyriaarcina 

7. Methanoaarcina 
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VL Tribe Sporoaarcineae 
Genus 1. Sporosarcina 

VII. Tribe Strepiococceae 

Genus 1. Peptoatrepiococcua 

2. Streptococcua 

3. Betacoecua 
Family C. Mycobacteriaceae 

VIII. Tribe Corynebacterieae 

Genus 1. Corynebacterium 

2. Fuaiformia 

3. Propionibacterium 

4. Sireptobacterium 

5. BetabcLct&rium 

IX. Tribe MycobcLclerieaa 
Genus Ir Mycobacterium 

2. Thermobacterium 
Family D. Bacteriaceae 

X. Tribe Bacterieae 
Genus 1. Kurthia 

2. Alcaligenea 

3. Bacterium 

4. Aerobacter 
XL Tribe Bacilleae 

Genus 1. Baeillua 

2. Aerobacillua 

3. Zymobacillua 

4. Cloatridium 

5. Peptocloatridium 

Some old names are displaced by new descriptive terms: Phaeospirillum 
Sulfoapirillum, Desulfovibrio, PhaeomonaSj Aeromonas, ZymomonaSy Me- 
thambiicterium, MethanococcuSy Meihnnosarct m , Butyrisarcinay PepiococcuSy 
PeptostreptococcuSy Zymobacillus, Rhodomonas is not used in the same sense 
as Rhodomonas Orla-Jensen (Cent. f. Bakt., II Abt., 82, 1909,331 and 334), 
the latter being a synonym of Chromatium Perty (Zur Kenntniss kleinster 
Lebensformen, 1852). Sulfomonas is indicated as new and as a synonym 
of ThiobaciUus Beijerinck (Cent. f. Bakt., II Abt., 11, 1904, 598) although 
the same term is used by Orla-Jensen (toe. ciL). Three new terms are 
accepted: C/itoroWumNadson (Bull. Jard. Bot. St. Petersburg, 6, 1906,184), 
Zymosarcina Smit (Die Garungssarcinen, Jena, 1930) and Peptoclostridium 
fDonker, Inaug. Diss., Delft, 1926). 

Hahn (Cent. f. Bakt., II Abt., 96, 1937,273) has reviewed the characters 
of the species of Eubacteriales included in the fourth edition of this Manual. 
He places 146 of the spore-forming species in a Sub-order A, Endosporales 
with a single family, and 536 of the species of non-spore-forming rods in a 
Sub-order B. Asporales in seven families. Unclassihable species (total 224) 
are placed in a temporary eighth family Bacteriaceae. His outline follows: 
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Order BvbacterialeB 

Suborder A. EndoMparcdea 
Family I. Endoapartietae 
Genus 1. Bctcilltts 

2. AerohadUua ^ 

3. Cloairidium 
Suborder B. Aaporo^ea 

Family I. GramoxidcLceas 

Genual. Aftcrococcua(includingStapAyZocaccua, Oaff- 
kya, Rkodococcua and most of the species 
of Sareina) 

2. Kurihia 

Family II. Gramanoxidacetie 
Tribe a. Streptococceae 

Genus 1. Strepiococcua (including DiplococevLa) 

2. LatLconoatoc 

3. Peptoairepiococeua 
Tribe b. Laclobctcilleae 

Genus 4. LactobcLcillua (including part of Baeter- 
oidea) 

5. PropionibcLcterium 
Tribe c. Sarcineae 

Genus 6. Zymosarcina 

7. Butyriaarcina 

8. Methanoaarcina 
Family III. Neiasereaceae 

Genus 1. Neiaaeria 
2. Veillonella 

Family IV. ProtobacteriacecLe 
Tribe a. Protobcicieriaae 

Genus 1. Carboxydomonaa 
2. MethanomoncLS 
Tribe b. Nitrobacierieae 
Genus 1. Nitroaomonaa 

2. Niirohactar 

3. Nxtroaococcua 
Family V. EnierobacteriacecLe 

Genus 1. Enierobacter (including Eacherichia^ Sal- 
monella^ Aerobaeter^ Klebatella, Proteua. 
Erwinia, Eberthella, Shigella^ and parts 
of SerrcUiat Paeudomonaa, Plaaobctciertum 
and Achromobacter) 

Family VI. Paeudomonadaceae 

Genus 1. Paeudomonaa (includes Phytomonaa and 
other lophotrichous types only) 

2. Vibrio 

3. Spirillum ^ 

4. Acetobaeter 

5. Azotohacter 

6. Rhiaobium 
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Family VII. PanohacttriaetM 
Genua 1. Brucella 

2. Paateurella 

3. Hemophilue (includinK Dialitler) 

Family VIII. Baeteriaeeae 

Unclasaifiable genera including Alealxgenee 
and Protaminohacter; some species from 
each of the following genera, Aehromobae- 
ter, Chromohaeterium, Cetlulomonae, Bacter- 
oides, Flavobacterium, Phytonumae, Peeudo- 
monas, Serratia; and three species from the 
Family Nilrohaeteriaceae. 

One of the generic terms used in this outline is new, i.e., Enterobacter. 
Two other generic terms, Fluorescent and Eryihrobacterium, are proposed 
incidentally (p. 284). The first includes the peritrichous forms included in 
the Manual under Pseudomonas and the second includes those red, non¬ 
spore-forming rods that are not included in Serratia. In another footnote 
(p. 281) a substitute, Virgtda, is suggested for Enterobacter. Emphasis is 
placed on sporulation. Gram stain, and oxygen demand as the most im¬ 
portant characters aside from cell form and flagellation. 

Pr4vot, as an outgrowth of his studies on anaerobes with Weinberg 
(Weinberg, Nativelle and Pr6vot, Les microbes ana4robies, 1937,1186 pp., 
Paris), has written a series of papers in which he has developed a classifica¬ 
tion of anaerobic bacteria (Ann. Sci. Nat., 10 S6r., 16, 1933, 23-260; Ann. 
Inst. Past., 60, 1938, 285-307; 61, 1938, 72-91; 64, 1940,117-125). The 
conclusions reached in these studies are summarized in his Manual de Clas¬ 
sification et de Determination des Bacteries Anaerobies, Monographie de 
I’lnstitut Pasteur, Paris, 1940, 223 pp. He regards the bacteria as com¬ 
prising a kingdom, Schizomycetes, intermediate between the animal and 
plant kingdoms and notes the presence of strict anaerobes in at least three 
of the seven orders recognized in the 5th edition of the Manual. These 
orders he regards as classes. The genus Bacteroides Castellani and Chalm¬ 
ers (Manual of Trop. Med., 3rd ed., 1919, 959) type species, Bacteroides 
fragtlis, is dropped (Ann. Inst. Past., 60, 1938, 288), and several new terms 
are proposed for the organisms included by Castellani and Chalmers and 
later investigators in the genus. Among the new generic names b RisteUa 
which b based on RisteUa fragtlis, the species used by Castellani and 
Chalmers as the type species for Bacteroides. 

The complete outline classification developed by Pr4vot in hb Mono¬ 
graph (loe. cU., p. 17) b given below: 

Kingdom. SchizomyeeteB NAgeli 
Class 1. EvbaeteriaU$ 

Sub-Class 1. Non sporogenous Eubacteriales 
Order I. MicrococeaU$ 
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Family I. NeiBnericLceae 
Tribe I. Neisserieae 
Genua a. Neiaseria 
Tribe 2. Veillonelleae 
Genua a. Veillonetla . 
Family 2. Micrococcaceae 
Tribe 1. Streptococceae 
Genus a. Diplococcus 

b. Strepiococcits 
Tribe 2. Staphylococceae 
Genua a. Gaffkia 

b. StaphyloeoceuB 
Tribe 3. Micrococceae 
Genus a. Sarcina 

b. M icrococetLs 
Order II. Bacteriales 

Family 1. Riatellaceae 
Genus a. Ristella 

b- Pasteur ella 

c. Dialisier 

d. Zuberella 

e. Capsularis 
Family 2. Bacteriaceae 

Genus a. Euhacterium 

b. Catenabacterium 

c. Ramibacterium 

d. Cillobacierium 
Order III. Spirillales 

Family 1. Vibrionaceae 
Genus a. Vibrio 

Sub-class II. Sporogcnous Eubacleriales 
Order I. Clofttridiales 

Family 1. Endosporaceae 

Genus a. Endoaporus 

b. Parapleclrum 
Family 2. Clostridiaceae 
Genus a. Inflabilis 

b. Wclchia 

c. CJoatridium 
Order II. Plectridialea 

Family 1. Tcrminoaporaceae 

Genus a. l^erminosporus 
b. Caduceus 
Family 2. Pleciridiaceae 

Genus a. PUclridium 
b. AcuSormis 

Order III. Sporovibrionalea 
Family 1. Sparovibrionaceae 
Genus a. Sporooibrio 
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Class II. Aciinamyeeiales 

Family 1. Spkeropkoraceae 
Genus a. Spherophorus 

b. Spherocillus 

c. Fttsifortnis 

d. Fusoeillus 

e. Leptotrichia 
Family 2. Aetinomycetaceae 

Genus a. Actinobacterium 

b. Bifidibacterium 

c. Carynebacterium 
Class III. Spirochetales 

Family 1. Spirochaetaceae 
Genus a. Treponema 

b. Borrelia 

In this outline, there are minor modifications in the names and in endings 
given to the orders and tribes as compared with those given in his prelim¬ 
inary papers. In the Order Micrococcales, Leuconostoc has been dropped 
as a genus of the tribe Streptococceae and Rhodococcua has been dropped as 
a genus of the Tribe Staphylococceae. Veillonella proposed by Pr^vot as a 
new genus in 1933 (loc. cit., p. 70) is included as a genus in the Family 
Neisaeriaceae. The spelling of Gaffkya is changed to Gaffkia. In the first 
of Pr4vot’s papers published in 1938 (loc. cit.), he proposes the following 
new genera in the Order Bacterialea: Riatella, ZubereUa, Capaularia, Eubac- 
terium, Catenabacterium, Ramibacterium and Cillobacterium. In the same 
paper he also proposes the following new genera in the Order Aciinomy- 
cetalea: Spherophorus, Spherocillus, Fuaocillus, Paeudokptothrix (withdrawn 
in 1940 in favor of Leptotrichia Trevisan). He also accepts one genus 
Actinobacterium (Haas, Cent. f. Bakt., I Abt., Orig., 40, 1906, 180) not 
previously mentioned in this discussion. With the single change noted 
{Pseudoleptothrix to Lepototrichia), the outlines of the genera in the orders 
Bacterialea and Actirumycetalea remains in the 1940 outline as it was given 
in 1938. 

In the outline given in Pr4vot’s Monograph (foe. cit., p. 17) one change is 
made in the generic terms recognized in the Order Clostridialea from those 
recognized in his second paper published in 1938. The genus name 
Palmula proposed in 1938, having been found to be invalid because of prior 
use for a genus of Protozoa, is changed to Acuformia. Other generic names 
which appeared for the first time in the 1938 outline are Endoaporus, 
InflaJnlis, Terminoaporua and Caduceua. Welchia proposed by Pr4vot in 
^933 (loc. cit., p. 44) was previously proposed by Pribram (Jour. Bact., 18, 
1929, 374) for the same group of anaerobic spore-forming rods. A third 
order, Sporootbriondlea, is proposed by Pr4vot in his Monograph (loc. cit., 
p. 15) to include the family Sporovibrionaceae (Ann. Inst. Past., 64, 1940, 
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119). This order and family include a single genus Spormbno Starkey 
(Arch. f. Microb., S, 1938, 300) syn. Desulfovibrio Kluyver and Van Niel 
(Cent. f. Bakt., II Abt., 94f 1936, 389). Two genera {Treponema and 
Borrelia) of Spirochaetales are listed by Pr^vot in his Monograph {loc.ciL, 
p. 16) as including anaerobic species. 

Stanier and Van Niel (Jour. Bact., 4^, 1941, 437-466) have proposed a 
rearrangement of the classihcation outline as indicated below: 

Kingdom Monera 

Division I Myxophyta (Blue-green algae) 

Division II Schizomycetae (Bacteria) 

Class I Eubacieriae 

Order I RhodobacieriaLes 

Order II Eubacterialea 

Order III Actinamycetalea 

Class II Myzdbacierxae 

Order I Myxobacterialea 

Class III Spirochaetae 

Order I Spirochaetales 

Appendix to Division Schizomycetae 

Group I Includes two families, Lepiotrichaceae and Crenothri- 
caceae 

Group II Achromatiaceae 

Group III Pasteuriaceae (Includes three genera, Pasleuriaf Hypho- 
microbium and Blastocaulia) 

The genera Mycobacterium^ Corynebacteriumy Erysipelothrix, Lepioirichia^ 
Nevskiay Gallionellay Caulobactery ThiospirOy Siderocapsa and Sideromonas 
are placed in Eubacteriales, Two genera not previously discussed in this 
review' whose relationships to other bacteria have recently been clarified 
are Sporocyiophaga Stanier (Jour. Bact., 40, 1940, 629) and Cytophaga 
Winogradsky (Ann. Inst. Past., 43, 1929, 578). 

This rearrangement has been carried out by including the organisms 
placed in the Order Caulobacteriales Henrici and Johnson (Jour. Bact., SO, 
1935, 61-93) in the Order Eubacteriales (Buchanan, Jour. Bact., S, 1917, 
162). The genera of the Order Chlamydobacteriales Buchanan {loc. ciL) 
are transferred to an appendix or are dropped {Clomthrix) as belonging to 
the blue-green algae. Three of the remaining five orders are raised to the 
rank of classes, one of which {Eubacieriae) includes three orders Rhodo^ 
bacieriales (Pringsheim, Lotos, 71, 1923, 351), Eubacteriales (Buchanan, 
loc. cit.) and Actiaomycetales (Buchanan, loc. dt,). Rhodobacteriales in¬ 
cludes the sulfur purple, the non-sulfur purple and the green bacteria, the 
colorless sulfur bacteria {Beggiatoaceae) being transferred to the Myxophyta 
with the change of the name of the Order from Thiobacteriales Buchanan 
(loc. cit.) to Rhodobacteriales Pringsheim {loc. ciL). 
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The outline classification below is proposed by the Editorial Board of the 
Manual for use in the present (6th) edition of the Manual. It is based on 
those developed by Bergey et al. in earlier editions. These, in turn, were 
based on the outline classifications developed by Buchanan (Jour. Bact., 1, 
1916,591; 2, 1917,155 ff.; S, 1918,27 ff.) and Winslow et al. (Jour. Bact., 6, 
1920, 191). 

Phylum Schizophyia 

Class I. Schizophyceae 
Class 11. Schizomycetes 
Order I. Euhactcriales 

Sub-Order I. Enbacteriineae (inclndcB Corynebacteriaceae) 
Sub-Order II. Caulobacteriineae 
Sub-Order III. Rhodobacteriineae 
Order II. Actinornycetales (includes Mycobactcrium, Actinomyces^ 
and related genera) 

Order III. Chlarnydobacteriales 
Family I. Lepioirichaceae 
Family II. Crenolhrichaceae 
Family III. Beggiatoaceae 

Appendix Achromatiaceae 
Order IV. Myxobacteriales 
Order V. Spirochaetales 

Supplement: Groups whose relationships are uncertain. 

Group I. Order Rickettsiales. Group II. Order Virales, Group III. 
Family Borrelomycetaceae, 

In this, the arrangement of Schizomycetes as a class coordinate with 
Schizophyceae, both belonging to a phylum Schizophyia of the plant king¬ 
dom, is maintained as before. The number of orders is reduced from seven 
as given in the fifth edition of the Manual to five, through recognition of 
the fact that the rigid, unicellular, sometimes branching but never truly 
mycelial nor filamentous organisms belonging to three of the previously 
recognized » * iers are presumably more closely related to each other than 
they are t the organisms in the four remaining orders. The family Coryne- 
bacteriaceae has been transferred from the order Actinornycetales to Euhac- 
teriaUs. 

The colorless, filamentous, sulfur bacteria {Beggiatoaceae) have been 
placed in the order Ctdamydobacteriales with the other filamentous bacteria 
that are clearly related to the blue-green algae. While this marks the 
greatest deviation from the outline previously used, and separates these 
colorless sulfur bacteria from the purple sulfur bacteria placed in Rhodo- 
bacUfiineae^ it is in accordance with the arrangement accepted by Lehmann 
and Neumann (Bakt. Diag., 4 Aufl., J?, 1907, 698), Pringsheim (Lotos, 71, 
1923,307) and others. Rhodobacteriineae is also limited to the purple and 
green bacteria as suggested by Pringsheim (foe. cU.) and accepted^by Kluy* 
ver and Van Niel (foe. cU.), by Stanier and Van Niel (foe. cit.) and others. 
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The Rickettamles and Borrelomycetaceae are placed in a supplement as 
their relationships are still obscure. Several authors would place them 
near some of the organisms now placed in PaateureUa and Haemophilus. 
The viruses (Vtro/es) whose nature and relationships are still more ob¬ 
scure are also placed in a supplemental group. ’ 

Although this outline maintains the simplicity that distinguished its 
predecessors, and provides places for all types of microorganisms thus far 
described that may properly be grouped under the fission fungi, it should 
not be regarded in any sense as final. An attempt has been made to express 
natural relationships, but these are so frequently obscure or unknown that 
in many places utilitarian considerations have prevailed. In some places, 
groups of known doubtful significance have been allowed to stand as they 
are out of a desire not to make unnecessary changes. It has appeared 
desirable to be conservative in making changes in the outline as used 
previously. 

Addenda: After the above was in page proof, it was discovered that 
reference to the outline classification of Gieszczykiewicz (Bull. Adad. 
Polonaise d. Sci. et d. Lettres, Cl. Sci. Math, et Nat., S4r. B., 1939, 27 pp.) 
had inadvertently been omitted. This outline has some features like the 
outline that Lehmann and Neumann used in 1927 (see p. 17) and some 
like the outline used in the 4th ed. of the Manual. 

The genus Bacterium is retained as in the Lehmann and Neumann out¬ 
line for Gram-negative, non-spore-forming, peritrichous or polar flagellate 
rods. Twelve sub-genera are recognized and these bear subgeneric scien¬ 
tific names that are much the same as those used for genera in the 4th ed. 
of the Manual. A new subgeneric name Enterobacterium (see Entero- 
bacier Kahn) is proposed to cover the genera Escherichia, Aerobacter, 
Klebsiella, Salmonella, EberthcUa and Shigella. Locfflerella previously used 
by Gay et al. (Agents of Disease and Heat Resistance, Indianapolis, 1935, 
782) is here also used as a subgeneric name for the glanders bacillus; and 
Chromobactcrium is used for the organisms more properly placed in Serratia 
Bizio. 

Corynebacterivm is transferred from the order Actinomycetales to Eubac- 
teriales and the family Coryncbacteriaccae is made to include LeudobaciUtis, 
Erysipclothrix and Fusobacterium. Among the Spirochaetales, the genus 
name Spirochaeta is displaced by a new generic term, Ehrenbergia, and is 
itself used to displace Borrelia. 

A seventh order Rickettsialea is proposed to include two families: Rickett- 
aiaceae with one genus Rickettsia da Rocha Lima (Berl. klin. Wchnschr., 
1916, 667); and BartoneUaceae Avith the genera, Bartonella Strong, Tyszer, 
Brues, Sellards and Gastiaburd (Jour. Amer. Med. Assoc., 61, 1913, 
1713), and (hvEameUa Brumpt (Bull. Soc. Path. Exot., 4. 1911, 514). 
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During 1945, Soriano (Ciencia e InvestigacWn, 1, 1945, 92-94 and 146- 
147; Rev. Argentina de Agronomia, IS, 1945, 120) proposed an arrange* 
ment of the Class Schizomycetes in which he recognizes a new Order, Flexi- 
baeteriales, to include the [families Cyiophagaceae and BeggifUoaceae and 
an entirely new Family Flexibacteriaceae containing a single genus Flexi- 
bacter. The latter includes five newly recognized species of flexuous bacteria 
as follows: Flexibacter flexilis, type species, F. elegans, F. giganteus, F. al- 
buminostis and F. aureus. 

The outline given below shows how this new order and new family are 
fitted by Soriano into the classification used in the fifth edition of the 
Manual. 


Class Schizomycetes 


Subclass Eubacteria. Rigid cells. 
Order I. Eubacieriales 
Order II. Caulobacteriales 
Order III. Rhodobacteriales 
Order IV. Actinomycetales 
Order V. Chlamydobacteriales 


Subclass Flexibacteria, Flexuous cells. 
Order VI. Flexibacteriales 
Family I. Cytophagaceae 
Family II. lieygiatoaceac 
Family III. Flexibacteriaceae 
Order VII. Myxobacteriales 
Order VIII. Spirochaetales 


Prdvot (Ann. Inst. Past. 72, 1946, 1) has developed his classification of 
Class Actinomycetales, subdividing it into orders and including several 
genera not recognized in his 1940 outline. This cias.sification i.s as follows: 


Class .ictinomycetcUes 

Order I. Actinobacteriales. New order. Not acid-fast 


Family I. Spherophoraceae. 
Genus I. Spherophorus 
Genus II. Haverhillia 
Genus III. Spherocillus 
Genus IV. Fustformis 
Genus V. Fusocillus 
Genus VI. Leptotrichia 
Order II. Mycobacteriales. New 
Genus I. Mycobacterium 


Family II. Actinornycetaceae. 
Genus I Actinomyces 
Genus II. Proactinomyces 
Genus III. Corynebacterium 
Genus IV. Actinobacterium 
Genus V. Bifidibacterium 
Genus VI. Erysipelothnx 
order. Acid-fast 


This classification differs from that used in this edition of the Manual 
in that it places several genera of Gram-negative organisms in Actinomy- 
cetales. TTiese are Spherophorus, Haverhillia, Spherocillus, Fusiformis and 
Fusocillus, all of which are included here under Parvobacteriaceae. Lep¬ 
totrichia which Pr6vot regards as Gram-negative is generally accepted as 
being a Gram-positive group. It is discussed in this edition of the Manual 
in connection with the graius Lactobacillus. 
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Some principles of taxonomy and nomenclature. “Taxonomy is that 
branch of biology that deals with the orderly arrangement of plants and 
animals” (Johnson, Taxonomy of the Flowering Plants, New York, 
1931, p. 3). 

The necessity for applying names to species or kinds of bacteria is self- 
evident. It is highly desirable that the name applied to an organism by 
one person should be understood by others. It is further desirable that as 
far as practicable all individuals use the same name for the same kind of 
organism. It is helpful, therefore, if there can be an agreement regarding 
the method of naming organisms, and as to the correct name for each 
organism. The term nomenclature is applied to the naming of plants and 
animals, and under this term may be included all discussions as to methods 
of naming and correctness of particular names. 

It is not enough that bacteria be named. Some method of classification 
of the bacteria is essential if the names are to be rendered accessible and 
available, and identification of unknown forms be made possible. Taxo¬ 
nomy is that branch of biology which treats of classification in accordance 
with a convention or law. It is apparent that taxonomy must be depend¬ 
ent in part for its satisfactory development upon nomenclature. Even 
though there may not be agreement among bacteriologists as to the exact 
classification that is to be used, nevertheless it is highly desirable that there 
be agreement as to some of the fundamental characteristics of satisfactory" 
biological classifications in general. 

What kinds of names are used. Two kinds of names are commonly 
given to the different kinds of plants and animals, the common, provincial, 
vernacular or casual names on the one hand and the international or scien¬ 
tific names on the other. These should be carefully differentiated, and their 
respective advantages and disadvantages noted. 

It is inevitable, and on the whole probably desirable, that for each kind 
of familiar animal or plant in each language there will be coined a name. 
Usually the name for the same organism will be different in each language. 
For example, we have in English Oak, in German Eiche, in Latin Qtierctis, 
etc. For many uncommon kinds, however, there may be no such veinacu- 
lar names developed. There have been, of course, many casual or vernac¬ 
ular names given to kinds of bacteria. In English we speak of the tubercle 
bacillus, the typhoid germ, the gonococcus, the Welch bacillus, the golden 

• Contributed by Prof. R. E. Buchanan, Iowa State College, Ames, Iowa, January, 
1934; revised, March, 1943. 



40 


IIANITAIi OF DSmUONATIVE BACTBBIOLOOT 


pus COCCUS, and many others. Similarly, we find in German Typhus- 
bazillen and in Frendi bacille typhique, enterococcus, etc. The use of 
these common names offers certain advantages. It does away frequently 
with the necessity of repeating longer and more formal scientific names. 
Not infrequently scientific names may be adopted into a language, and 
converted into vernacular names. For example, the English name aster 
and the scientific generic name Aster are applied to the same group. This 
is frequently a convenience, but there are also some difficulties, which will 
be emphadzed below. 

In contrast to common, vernacular or casual names, the scientific name 
for each kind of organism (each plant or animal) is supposed to be the same 
in all countries and in all languages. When such a scientific name is used, 
no question should arise in any language as to what organism is intended. 
The names thus applied are supposed to conform to certain general rules 
that have been formulated by international agreement. Obviously the use 
of such names is advantageous whenever one is desirous of accuracy, and of 
being definitely understood in all languages. It is further evident that in 
all questions relating to taxonomy and classification it is highly desirable 
that the scientific names be used. 

International rules for nomenclature. In order that there be an inter¬ 
national set of scientific names, it is essential that there be an international 
agreement as to the rules which should govern their creation. Both of the 
great groups of biologists, the botanists and the zoologists, have met in 
numerous international congresses in which delegates were accredited by 
the great botanical and zoological societies, museums, and educational 
institutions of the world. Codes of nomenclature designed to tell how names 
shall be manufactured and used, and how to tell which of two or more names 
that have been used is correct, have been developed by each of these groups. 
These codes or lists of rules and recommendations are quite similar in 
essentials for botany and zoology, although they differ in some details. 

The question arises; Are eitW or both of these codes satisfactory or 
adaptable to the use of bacteriologists. Three views have been expressed 
by various writers. Some few have suggested that the naming of bacteria 
cannot well conform to the approved international rules as their classifica¬ 
tion involves considerations not familiar to botanists and zoologists gen¬ 
erally. The second group, also a very snuJl one, has insisted that uni¬ 
cellular forms of life are neither plants or animals, but protista, and that 
taxonomic rules, etc., should be (Ustinct for this group and codrdinate with 
the corresponding rules for plants and for animals. 

The third view, more commonly expressed, is that the bacteria are 
suffidently closely related to the plants and anjmals, so that (in so far as 
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they apply) the international agreements of the botanists (or zoologists) 
should be used as a basis for naming them. 

International opinion on this topic was finally crystallized by resolutions 
adopted by the First International Congress of the International Society 
for Microbiology held in Paris in 1930 and by the Fifth International 
Botanical Congress held in Cambridge, England in the same year. 

The resolutions unanimously adopted by the plenary session of the 
International Society for Microbiology were in part as follows: 

“It is clearly recognized that the living forms with which the micro¬ 
biologists concern themselves are in part plants, in part animals, and in part 
primitive. It is further recognized that in so far os they may be applicable 
and appropriate the nomenclatural codes agreed upon by International 
Congresses of Botany and Zoology should be followed in the naming of 
micro-organisms. Bearing in mind, however, the peculiarly independent 
course of development that bacteriology has taken in the past fifty years, 
and the elaboration of special descriptive criteria which bacteriologists 
have of necessity developed, it is the opinion of the International Society 
for Microbiology that the bacteria constitute a group for which special 
arrangements are necessary. Therefore the International Society for 
Microbiology has decided to consider the subject of bacterial nomenclature 
as a part of its permanent program.” 

The International Society of Microbiologists established a permanent 
Nomenclature Committee to pass upon suggestions and to make recom¬ 
mendations. This committee is composed of members from all participat¬ 
ing nations. Two secretaries were named, one (Dr. St. John-Brooks of the 
Lister Institute, Ix>ndon, England) to represent primarily medical and 
veterinary bacteriology, and one (Dr. R. S. Breed, New York State Agri¬ 
cultural Experiment Station, Geneva, New York, U. S. A.) to represent 
other phases of bacteriology. 

The cooperation of the International Botanical Congress was solicited 
in the naming of this committee. The resolutions were approved by the 
Section on Bacteriology of the Botanical Congress and the Ckmgress itself 
incorporatetl into the Botanical Code certain special provisions relating to 
the bacteria. It also specifically recognized the International Committee 
as the body to prepare recommendations relating to bacterial nomenclature. 

It is apparent, therefore, that there has been international agreement 
(in so far as this can be achieved) that bacteriologists should follow the 
botanical or zoological codes in the naming of bacteria to the extent they 
are applicable, and that exceptions or new problems should be presented 
to the International Committee. 

These rules are so important in determining the validity of bacterial 
names that the rules of the Botanical Code are included in somewhat 
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abridged form in the section that follows this introduction. Any student 
who has occasion to name a new species or a new genus or determine the 
validity of a name should familiarize himself with these rules and recom¬ 
mendations. 

An effort has been made in the present volume to use nomenclature in 
conformity with these rules. 

Some general principles of nomenclatore. Every student of bacteriology 
should be familiar with certain rules of nomenclature if he is to use names 
intelligently. If he wishes to correct names improperly used or if he desires 
to name new species, there are additional rules which he must observe. 

1. Each distinct kind of bacterium is called a species. 

2. To each distinct species a name is given consisting usually of two 
Latin words, as Bacillus subtHis. 

3. The first word is the name of the genus or group to which the organism 
belongs. It is always written with a capital letter. It is a Latin or Greek 
word, or a new word compounded from Latin or Greek roots, or it may be 
derived from some other language; but this is important, whatever its origin 
when used as a generic name it must be regarded and treated as a Latin 
noun. If it is a word not found in classic Latin, it is regarded as modem 
Latin. Some generic names in bacteriology which are Latin or formed 
from Latin roots are Bacillus (masculine) a small rod; Cristispira (fem¬ 
inine) a crested spiral; Lactobacillus (masculine) a milk small rod; Sarcina 
(feminine) a packet or bundle. Many others are words from the Greek or 
compounded from Greek roots, with the words transliterated into Latin 
letters and endings in conformity with Latin usage; words of Greek origin 
are Micrococcus (masculine) a small grain (sphere); Bacterium (neuter) a 
small rod; Clostridium (neuter) a small spindle; Corynebacterium (neuter) 
clubbed small rod; Actinomyces (masculine) ray fungus. Other generic 
names have been given in honor of persons or places as Beggiatoa (feminine), 
Borrelia (feminine), EbertheUa (feminine), Pasteurella (feminine), Erwinia 
(feminine), Zopfius (masculine). 

4. The second word in the scientific name is a specific epithet. It is not 
capitalized except that certain authors capitalize species names derived 
from proper nouns. 

It may be: 

(a) An adjective modif}ring the noun, and indicating by its ending agree¬ 
ment with the generic name in gender, as Bacterium album (white Bac¬ 
terium), Bacillus albus (white Bacillus), Sarcina alba (white Sarcina), 
EbertheUa dispar (the different EbertheUa), Bacterium variabile (the variable 
Bacterium), Brucella mditensis (the maltese Brucella), BaciUus teres (the 
rounded BaciUus), Bacillus graveoUns (sweet-smelling BaciUus). 
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Typical adjeetivet 


Muculina 

Feminine 

Neuter 

albu$ 

alba 

album 

niger 

nigra 

nigrum 

tenet 

ienera 

tenerum 

acer 

aerie 

acre 

variabUis 

variabilie 

variahile 

diepar 

diepar 

diepar 

coecoides 

coccoidee 

coccoidee 

aerogenes 

aerogenee 

aerogenee 


(b) An adjective in the form of the present participle of a verb, aa 
Clostridium dissolvens (the dissolving Clostridium, in the sense of the 
Clostridium which is able to dissolve), Bacillus adhaerens (the adhering 
Bacillus), Acetobacter ascendens (the climbing Acetobcuter), Bacillus esterifi- 
cans (the ester-producing Bacillus). The endings for present participles 
used as adjectives are the same for all genders. The past participle is used 
occasionally, as in Pseudomonas aptata (the adapted Pseudomonas), Spiril¬ 
lum attenuatum (the attenuat ed Spirillum ). 

(c) A noun in the genitive (possessive) modifying the generic name. 
There is no necessary agreement in gender or number. Examples, Clostri¬ 
dium welchii (Welch’s Clostridium), Salmonella pullorum (the Salmonella 
of clucks), Streplococais lactis (the Streptococcus of milk), Brucella abortus 
(the Brucella of abortion), Clostridium tetani (the Clostridium of tetanus), 
Diplococcus pneumoniae (the Diplococcus of pneiunonia). Salmonella 
anatum (the Salmonella of ducks). 

(d) A noun in apposition, that is, an explanatory noun. This does not 
agree necessarily with the generic name in gender. This method of naming 
is relatively not common in bacteriology. Examples are Actinomyces 
scabies (the scurf or scab Actinomyces), Bacillus lacticola (the milk-dweller 
bacillus), BaciUus radicicola (the root-dweller bacillus). 

5. The author of the name is often indicated following the name of the 
species, as Bacillus subtilis Cohn. Sometimes a name is indicated also in 
parenthesis, as Micrococcus luteus (Schroeter) Cohn. This means that 
Sehroeter first named the species, giving it the name luteus, but placed it in 
another genus (Bacteridium). Cohn placed it in a new' genus. It should 
be noted that the name of a person, following the name of an oi^anism is 
frequently not the person who first discovered or described it, but the person 
who first gave it the name used. "For example, Clostridium welchii (Migula) 
Holland was first described by Dr. Wm. H. Welch, but not named by him. 
It was named by Migula in honor of Dr. Welch and later it was placed in 
the genus Clostridium by Holland. 

6. Sometimes species of bacteria are subdivided into varieties. These 
are likewise given Latin designations, and the entire name written as: 
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Streptococcus lactis var. maltigenes (the Streptococcus of milk producing 
malt flavor). 

Some principles of taxonomy. It is important further that the student 
of bacteriology recognize the meaning of certain terms used regularly in 
classifications. 

(1) Species (plural species). A species of plant (or animal) is assumed 
above to be one kind of plant. But how much difference must exist be¬ 
tween two cultures of bacteria before one is justified in regarding the organ¬ 
isms in them as being of distinct kinds or species? No rule can be laid 
down. It depends largely upon convenience and a more or less arbitrary 
decision. As stated by Hitchcock (Descriptive Systematic Botany, New 
York, 1925, p. 8): “The unit of classification is a coherent group of like 
individuals, called a species. The term is difficult to define with precision 
because a species is not a definite entity, but a taxonomic concept. ” Huck- 
er and Pederson (New York Agric. Exper. Sta. Tech. Bull. 167,1930, p. 39) 
state: “The difficulty met >vith among these lower forms in dividing them 
into well-defined groups has led many to question whether these small 
groups or ‘species’ are natural groups and whether such groups can be 
considered to be similar to ‘species’ among higher forms. However this 
may be, it is necessary to arrange bacteria as well as possible into groups or 
so-called ‘species’ for convenience in classification,’’ and again (Hucker, 
New York Agric. Exper. Sta. Tech. Bull. 100, 1924, 29), “characters 
applicable to the differentiation of species must evidence a certain amount 
of constancy when studied over a large series of tests. Furthermore, 
characters adapted to the differentiation of larger natural groups or genera 
should, in addition to constancy, show some correlation with other constant 
characteristics. The pre^nce of this relationship or correlation between 
characters for the division of genera indicates that the groupings are being 
made along natural rather than artificial lines.’’ 

Tj/pe culture. It is quite evident that when a new species of bacterium 
is described, it must include the particular culture from which the species 
description was made. This original culture is termed the type culture. 
We may develop a definition as follows:—^A species of bacterium is the type 
culture or specimen together with all other cultures or specimens regarded 
by an investigator as sufficiently like the type (or sufficiently closely related 
to it) to be grouped with it. It is self-evident that different investigators 
may not draw the same boundaries for a given species. This leads to some 
practical difficulties, but no better definition has been evolved. 

There are certain special cases which require brief discussion. 

(a) How should one designate the different stages in an organism that 
exhibits a growth cycle? There seems to be increasing evidence that certain 
bacteria show cycles in morphology which parallel to some degree those well 
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known among the fungi. Such, for example, may well be the rough (R) 
and smooth (S) types described for many bacteria, possibly the filterable 
stages noted by many authors, the so-called G types, etc. It is evident that 
an adequate description of any species of bacterium should include a de¬ 
scription of each of these stages in the cyclical development wherever such 
is proved to exist. In all other cases in botany and in zoology which 
involve growth stages or cycles one stage has been chosen and designated 
as the mature or adult or perfect stage. In ferns, for example, names and 
classifications are based largely upon the sporophytic generation, in insects 
upon the adult or imago, in the rusts upon the stage in which the teleuto- 
spores are produced. There has been no international agreement as to 
what stage should be thus designated for the bacteria. Beyond doubt, it 
would be the stage which is most easily cultured and studied in the labora¬ 
tory, the stage with which we are best acquainted in the laboratory. It 
might easily happen in bacteria (as it has with fungi) that two different 
stages of the life cycle of single species have been described and named as 
separate species. When the mistake has been discovered, the name given 
to the mature or perfect stage is the one that is accepted. In general the 
descriptions given in the present volume are those which may be regarded 
as belonging to the perfect stage. Unfortunately it is not yet possible 
accurately to group the stages in many of the bacteria that have definite 
growth cycles. 

It is desirable frequently to designate the stage with which one is working. 
This may be done by some conventional symbol, as S (smooth type), G 
(filterable stage), etc. 

(b) How should one designate variants which differ in some minor re¬ 
spects from the type, but which do not constitute growth stages? For 
example, the species Bacillus subtilis normally produces endospores. Sup¬ 
pose that an asporogenous race is derived from such, agreeing with the 
parent culture in all respects, but showing no tendency to revert to spore 
production. What such an organism should be called is a matter of judg¬ 
ment. It might frequently be designated as an asporogenous strain, or 
more technically if one desires as a variety. It might be termed, for 
example. Bacillus subtilis var. asponis. .In other cases such expressions as 
DiphcoccuspneumomaeTypel^orthe Rawlings strain of the typhoid bacil¬ 
lus may be used. 

Unfortunately there is no general agreement upon the exact significance 
which the word ‘‘strain” should have in bacteriology. It is recommended 
that it refer merely to source, e.g. the Rawlings strain of Eberthella typhosa, 
and that it be never used to connote a biological character. This would 
“^ot prevent such expressions as “a non-motile strain of Salmonella suipes- 
lifer*\ but it would make erroneous a statement to the effect that the A 
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strain of influenza virus differs from the B strain in certain ways. In 
other words, “strain” is not a synonym of “type” or “variety”. We may 
have as many yellow strains of the typhoid bacillus as we have of cultures 
of it, from different sources or specimens. 

(2) Genus (plural genera). A genus is a group of related species. In 
some cases a genus may include only a single species (is said to be monotypic) 
in most cases several to many species are included in a genus. The ques¬ 
tion asked above may be paraphrased. How close must be the resemblances 
(how close the relationships) among the species of a group to entitle them 
to inclusion in the same genus? In other vrords, how is it possible to de¬ 
limit accurately the boundaries of a genus? This is a matter on which 
there is no agreement, tuid probably can be none. Much of the confusion 
in modem bacteriological terminology is to be attributed to this fact. 
Nevertheless, in course of time experience tends to delimit many genera 
with reasonable accuracy. As stated by Hitchcock (Descriptive Sys¬ 
tematic Botany, New York, 1925, p. 9): “Convenience may play a r61e in 
determining generic lines. Extremely large groups may be broken up on 
the basis of differences of smaller degree not common to a group of closely 
allied species, than if the group consisted of a few species. In general, the 
botanist, in delimiting genera, keeps in mind two important requirements, 
that of showing natural affinities and that of aiding correct identification.” 
However, a genus may be defined helpfully in another way. One of the 
species described as belonging to a genus is designated as the type species. 
A genus may be defined then, as including this type species together with 
such other species as the investigator (or taxonomist) regards as sufficiently 
closely related. It is apparent that some authors may draw the lines 
narrowly, others broadly. Some authors, for example, recognize only two 
genera of rod-shaped bacteria, one for those without endospores (Bac¬ 
terium), and one for those producing endospores (Bacillus). These genera 
thus defined are very large, each containing hundreds, perhaps thousands, 
of species. Other students break up these large genera into many smaller 
ones. There is not much point to the question as to which is right and 
which is wrong. A better question is, which is the more convenient, better 
represents relationships, better facilitates diagnosis and proves most useful. 
As organisms become better known, it may be possible through the agency 
of the International Committee on Nomenclature to reach agreements 
where lack of agreement leads to serious confusion or misunderstanding. 

(3) Family. A family in taxonomy is a group of related genera. In 
general the name of the family is made from the name or former name of 
one of their genera by affixing the suffix -aceae to the root. The word is 
regarded as plural. Among bacterial families commonly recognized are 
Baeillaceae, Bacteriaeeae, Micrococcaceae, Spirochaetaeeae, AcHnomycetoceae 
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(4) Order. An order is a group of related families. It is named usually 
(not always) by substituting the suffix -ales for -aceae in the name of the 
type family. Among ordinal names that have been used in bacteriology 
are Actinomycetales, SpirochaetaleSj Eubacteriaks. 

(5) Class. A class is a group of related orders. In this treatise it is 
considered that the bacteria constitute a class of the plant kingdom, and 
this is named Schizomycetes, 

(6) Other categories. Other categories or ranks of names are used for 
higher groups. Sometimes families are divided into sub-families, these 
into tribes, these into subtribes, and these finally into genera. 

How to identify an organism by name. One of the main purposes of a 
manual of determinative bacteriology is to facilitate the finding of the 
correct scientific name of a bacterium. Such is the purpose of this volume. 
It is well, however, to note some of the reasons why this result, the identifi¬ 
cation of an unknown culture, may not eventuate. Among these reasons 
the following may be listed; 

(1) The unknown organism awaiting identification by the investigator 
may easily be one which has never been named, or perhaps adequately 
described. For the most part there has been little effort on the part of 
bacteriologists to describe or name bacteria except as they have been found 
to have some economic significance or possess some striking or unusual 
characteristics. It is quite probable that there are many times as many 
species of bacteria undescribed and named as have been described. Such 
undescribed species are all al)out us. It is not surprising, therefore, if one 
frequently encounters undescribed species. When such unnamed species 
are encountered, particularly if they are of economic importance or are 
related to such forms, it is highly desirable that they should be described, 
named and the results published and made accessible. 

(2) The unkno\TO organism may have been described and named in 
some publication, but the description and name have been over-looked in 
the preparation of the Manual. Perhaps the description has been so 
inadequate or incomplete that it has not been possible to place it in the 
classification. It should l)e noted that the number of species that have 
been described is so great that no one individual can know them all. 
Progress in classification comes about largely as the result of the work of 
specialists in particular groups. For example, Ford made a study of all 
of the aerobic spore-l)earing bacteria which he had secured from various 
sources. He studied also the descriptions of such bacteria in the literature, 
and then monographed the group. Similar studies on other groups have 
resulted in more or less complete monographs. Such, for example, are the 
monographs on the intestinal group by Welden and Levine, of the acetic 
bacteria by Hoyer, and Visser’t Hooft, of the cocci by Hucker, of the 



48 


MANUAL OP DETERMINATIVE BACTERIOLOGY 


pathogenic spore-bearing anaerobes by the English Commission, by Wein¬ 
berg, and by others, of the red, rod-shaped bacteria by Hefferan and by 
Breed, of the actinomycetes by Waksman and by Lieske, of the root nodule 
bacteria of legumes by Fred and his co-workers, etc. Unfortunately most 
groups of bacteria have not thus been monographed. It is evidently the 
function of a manual such as this to draw largely upon the work of the 
monographers, and to supplement their achievements as far as possible by 
less satisfactory consideration of the unmonographed groups. 

It is clear that because an organism cannot be identified from this text 
is not proof that it has not been described and named. The species most 
closely related may be determined, then the literature searched carefully 
for species described still more closely related or perhaps one identical. 

(3) It is possible, of course, that an error has been made in the selection 
of the correct name. It is desirable that users of these keys and descrip¬ 
tions should be familiar with the rules governing the correct choice of names, 
and make suitable corrections where needed. 

Steps in determining the name of an organism. The steps in the identifi¬ 
cation of an unknown organism are usually the following: 

(1) Preparation of an adequate description of the organism. 

(2) Knowledge of construction and use of keys. 

(3) Determination of order, family and genus by use of key. 

Preparation of description of organism. Before attempting to determine 

the name of an ^'unknown” organism an adequate description is essential. 
Just what characteristics must be emphasized depends upon the group in 
which the organism falls. It is desirable that the knowledge of the charac¬ 
ters of the unknown be as complete as possible. 

Use and construction of keys. An exceptionally clear and satisfactory 
discussion of the making and use of keys and synopses is given by Hitch¬ 
cock (Descriptive Systematic Botany, New York, 1925, p. 104). Anyone 
planning to monograph a group is advised to read this. He states: **A key 
is an orderly arrangement of a series of contrasting or directly comparable 
statements^ by which groups of the same category may be distinguished 
and indicated or identified,” and “A key is primarily a mechanical device 
by which one may arrive at the name of the ultimate member of the group.” 
In general the keys used in this Manual are dichotomous, that is, the suc¬ 
cessive divisions are in twos, differentiation being into two contrasted 
groups. 

Determination of order, family and genus by use of keys. The method of 
doing this is discussed in the introduction beginning on page 1. 



RULES OF NOMENCLATURE* 

In Paris in 1930, the First International Microbiological Congress voted 
to follow the rules of nomenclature agreed upon by International Congresses 
of Botany and Zoology “tn so far as they may be applicable and appropriate" 
The adoption of the date of the publication of Species Plantarum by Lin¬ 
naeus in 1753 as the point of departure for bacteriological nomenclature 
was recommended. This recommendation was approved by the plenary 
session of the Microbiological Congress (Proc. 1" Cong. Intemat. Micro¬ 
biol., Paris, 1930, 2, 1932, 519) and by the plenary session of the Botanical 
Congress (Rept. Proc. 5th Intemat. Bot. Cong., 1930, Cambridge, 1931, 
p. 16 and 28). 

This Congress also provided for the organization of an International 
Committee on Bacteriological Nomenclature with two permanent sec¬ 
retaries: 

1. To represent primarily medical and veterinary bacteriology,—Dr. 

R. St. John-Brooks, Lister Institute, London, England. 

2. To represent primarily other phases of bacteriology,—Dr. R. S. Breed, 

Experiment Station, Geneva, New York, U. S. A. 

During the years that have elapsed since its appointment, this Commit¬ 
tee has organized and has taken various actions in the interest of a more 
stable nomenclature and classification. Some of these have been completed 
and accepted by the Second International Congress of Microbiology held 
in London, 1936. These completed actions are quoted below, and are 
incorporated into the classification used in the descriptive portion of the 
Manual. 

The International Rules of Botanical Nomenclature were originally 
adopted by the International Botanical Congresses of Vienna (1903) and 
Brussels (1910). They were modified by the Cambridge Congress (1930) 
so as to accept the tjrpe method, and validate species descriptions of bacteria 
unaccompanied by a Latin diagnosis. Some further but less important 
modifications were made at the Amsterdam Congress (1935) (See Sprague, 
Science, 8S, 1936, 416). 

The following are the most important of the rules that are of interest to 
bacteriologists taken from the latest available edition of the Botanical Code 
(Gustav Fischer, Jena, 1935). Sections that were newly adopted or 
amended by the Amsterdam Botanical Congress (1935) ate indicated 
in the text. 

* Contributed by Prof. R. S. Breed, New York State Experiment Station, Geneva, 
New York, September, 1938; revieed, October, 1943. 
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INTERNATIONAL RULES OF BOTANICAL 
NOMENCLATURE, 1930-1935 

Chapter /. General Considerations and Guiding Principles (Art. 1-9) 

Art. 1. Botany cannot make satisfactory progress without a precise system of 
nomenclature, which is used by the great majority of botanists in all countries. 

Art. 2. The precepts on which this precise system of botanical nomenclature is 
based arc divided into principles, rules, and recommendations. The principles (Art. 
1-9,10-14,15-19) form the basis of the rules and recommendations. The object of the 
rules (Art. 19-74) is to put the nomenclature of the past into order and to provide for 
that of the future. They are always retroactive; names or forms of nomenclature 
contrary to a rule (illegitimate names or forms) cannot be maintained. The recom¬ 
mendations deal with subsidiary points, their object being to bring about greater 
uniformity and clearness in future nomenclature: names or forms contrary to a recom¬ 
mendation cannot on that account be rejected, but they are not examples to be 
followed. 

Art. 3. The rules of nomenclature should be simple and founded on considerations 
sufficiently clear and forcible for everyone to comprehend and be disposed to accept. 

Art. 4. The essential points in nomenclature are: (1) to aim at fixity of names; 
(2) to avoid or to reject the use of forms and names which may cause error or ambigu¬ 
ity or throw science into confusion. 

Next in importance is the avoidance of all useless creation of names. 

Other considerations, such as absolute grammatical correctness, regularity or 
euphony of names, more or less prevailing custom, regard for persons, etc., notwith¬ 
standing their undeniable importance, are relatively accessory. 

Art. 5. In the absence of a relevant rule, or where the consequences of rules are 
doubtful, established custom must be followed. 

Art. 7. Scientific names of all groups are usually taken from Latin or Greek. 
When taken from any language other than Latin, or formed in an arbitrary manner, 
they are treated as if they w'cre Latin. Latin terminations should be used so far as 
possible for new' names. 

Art. 8. Nomenclature deals with:. (1) the terms which denote the rank of tax¬ 
onomic groups (Art. 10-14); (2) the names which are applied to the individual groups 
(Art. 15-72). 

Art. 9. The rules and recommendations of botanical nomenclature apply to all 
groups of the plant kingdom, recent and fossil, with certain distinctly specified ex¬ 
ceptions. 


Chapter II. Categories of Taxonomic Groups, and the Terms 
Denoting Them (Art. l(l-14t I, II) 

Art. 10. Every individual plant belongs to a species (species), every species to a 
genus (genus), every genus to a family (Jamilia), every family to an order (orda) 
every order to a class (classis), every class to a division (diviso). 

Chapter III. Names of Taxonomic Groups (Art. 15-72, Rec. III-L) 

Section 1. General Principles: Priority (Art. 16-17, Rec. Ill) 

Art. 15. The purpose of giving a name to a taxonomic group is not to indicate the 
characters or the history of the group, but to supply a means of referring to it. 

Art. 16. Each group with a given circumscription, position, and rank can bear 
only one valid name, the earliest that is in accordance with the Rules of No¬ 
menclature. 
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Section 2, The Type Method {Art. IS, Rec. IV-VII) 

Art. 18. The application of names of taxonomic groups is determined by means of 
nomenclatural types. A nomcnclatural type is that constituent element of a group 
to which the name of the group is permanently attached,.whether as an accepted name 
or as a synonym. The name of a group must be changed if the type of that name is 
excluded (see Art. 66). 

Section 5, Limitation of the Principle of Priority: Publicatio.. 

Starting-pointsy Conservation of Names {Art. 19-22) 

Art. 19. A name of a taxonomic group has no status under the Rules, and has no 
claim to recognition by botanists, unless it is validly published (see Art. 37). 

Art. 20. legitimate botanical nomenclature begins for the different groups of 
plants at the following dates: 

{h) MyxomyceteSy 1753 (Linnaeus, Species Plantarum, ed. 1).* 

Art. 21. However, to avoid disadvantageous changes in the nomenclature of 
genera by the strict application of the Rules of Nomenclature, and especially of the 
principle of priority in starting from the dates given in Art. 20, the Rules provide a 
list of names which must l)e retained as exceptions. These names are by preference 
those which have come into general use in the fifty years following their publication, 
or which have been used in monographs and important floristic works up to the year 
1890. 


Section 4. Nomenclature of the Taxonomic Groups According to Their 
Categories (Art. 23-S6y Rec. VII-XX) 

1. Names of Groups above the Rank of Family. 

Rec. IX. Orders are designated preferably by the name of one of their principal 
families with the ending -ales. 

2. Names of Families and Subfamiliesy TribeSy and Sub-tribes. 

Art. 23. Names of families are taken from the name or former name of one of theii 
genera and end in -aceae. 

Art. 24. Names of subfamilies {subfamiliae) are taken from the name of one of the 
genera in the group, with the ending -oideaCy similarly for tribes {tribus) y with the 
ending -eae, and for subtribes {subtribus) with the ending -inae. 

3. Names of Genera and Subdivisions of Genera. 

Art. 25. Names of genera are substantives (or adjectives used as substantives), 
in the singular number and written with an initial capital, which may be compared 
with our family names. These names may be taken from any source whatever, and 
may even be composed in an absolutely arbitrary manner. 

Recommendation X. Botanists who are forming generic names show judgment and 
taste by attending to the following recommendations: 

(a) Not to make names long or difficult to pronounce. 

(b) Not to dedicate genera to persons quite unconnected with botany or at least 

with natural science, nor to persons quite unknown. 

(c) Not to take names from barbarous languages, unless those names are fre* 

quently cited in books of travel, and have an agreeable form that is readily 
adaptable to the Latin tongue and to the tongues of civilized countries. 


See page 48 for action on date for SehiMomyeeUe. 
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(d) To indicate, if possible, by the formation or ending of the name the affinities 

or analogies of the genus. 

(e) To avoid adjectives used as nouns. 

(f) Not to give a genus a name whose form is rather that of a subgenus or section 

(e.g. Eusideroxylonf a name given to a genus of Lauraceae, This, however, 

being legitimate, cannot be altered). 

(g) Not to make names by combining words from different languages (nomina 

hybrtda), 

4. Names of Species (binary names). 

Art. 27. Names of species are binary combinations consisting of the name of the 
genus followed by a single specific epithet. If an epithet consists of two or more 
words, these must either be united into one or joined by a hyphen. Symbols forming 
part of specific epithets proposed by Linnaeus must be transcribed. 

The specific epithet, when adjectival in form and not used as a substantive, agrees 
with the generic names. 

Recommendations: 

XIII. The specific epithet should, in general, give some indication of the appear¬ 
ance, the characters, the origin, the history or the properties of the species. If taken 
from the name of a person it usually recalls the name of the one who discovered or de¬ 
scribed it, or was in some way concerned with it. 

XIV. Names of men and women, and also of countries and localities used as spe¬ 
cific epithets, may be substantives in the genitive (Clusii^ saharae) or adjectives 
(ClusianuSf dahurievs). It will be well, in the future, to avoid the use of the genitive 
and the adjectival form of the same epithet to designate two different species of the 
same genus: e.g. Lysimachia Hemsleyana Maximum. (1891), and L. J/v) isleyi Franch. 
(1895). 

XV. In forming specific epithets botanists will do well to have regard also to the 
following recommendations: 

(a) To avoid those which are very long and difficult to pronounce. 

(b) To avoid those which express a character common to all, or nearly all, the 

species of a genus. 

(c) To avoid using the names of little-known or very restricted localities, unless 

the species is quite local. 

(d) To avoid, in the same genus, epithets which are very much alike, especially 

those which differ only in their last letters. 

(e) Not to adopt unpublished names found in travellers' notes or in herbaria, 

attributing them to their authors, unless these have approved publication. 

(f) Not to name a species after a person who has neither discovered, nor de¬ 

scribed, nor figured, nor in any way studied it. 

(g) To avoid epithets which have been used before in any closely-allied genus. 

(h) To avoid specific epithets formed of two or more (hyphened) words. 

(i) To avoid epithets w'hich have the same meaning as the generic name 

(pleonasm). 

Section 5, Conditions of Effective Publication (Art, $6) 

Art. 36. Publication is effected, under these Rules, either by sale or distribution 
of printed matter or indelible autographs to the general public, or to specified repre¬ 
sentative botanical institutions. 

No other kind of publication is accepted as effective: communication of new names 
at a public meeting, or the placing of names in collections or gardens open to the pub¬ 
lic, does not constitute effective publication. 
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Section 6. Conditions and Dates of Valid Pvblicaiion of 
Names (Art, S7-46, Rec, XXI-XXIX) 

Art. 37. A name of a taxonomic group is not validly published unless it is both (1) 
effectively published (see Art. 36), and (2) accompanied by a description of the group 
or by a reference to a previously and effectively published description of it. 

Art. 38. From January 1,1935, names of new groups of recent plants, the Bacteria 
excepted^ are considered as validly published only when they are accompanied by a 
Latin diagnosis. 

Art. 40. A name of a taxonomic group is not validly published when it is merely 
cited as a 8 ynon 3 rm. 

Art. 42. A name of a genus is not validly published unless it is accompanied (1) 
by a description of the genus, or (2) by the citation of a previously and effectively 
published description of the genus under another name, or (3) by a reference to a 
previously and effectively published description of the genus as a subgenus, section 
or other subdivision of a genus. 

Art. 43. The name of a monotypic new genus based on a new species is validated 
(1) by the provision of a combined generic and specific description, (2) by the pro¬ 
vision of a plate with analyses showing essential characters; but this applies only to 
plates and generic names published before January 1,1908. 

Art. 44. The name of a species or of a subdivision of a species is not validly pub¬ 
lished unless it is accompanied (1) by a description of the group, or (2) by the citation 
of a previously and effectively published description of the group under another name, 
or (3) by a plate or figure with analyses showing essential characters, but this applies 
only to plates or figures published before January 1,1008. 

Art. 45, The date of a name or of an epithet is that of its valid publication (see 
Art. 19, 36). For purposes of priority, ho wever, only legitimate names and epithets 
published in legitimate combinations are taken into consideration (see Art. 60). In 
the absence of proof to the contrary, the date given in the work containing the name 
or epithet must be regarded as correct. 

Botanists will do well in publishing to conform to the following recommendations: 

XXI. Not to publish a new mune without clearly indicating whether it is the 
name of a family or a trilxj, a genus or a section, a species or a variety; briefly, with¬ 
out expressing an opinion as to the rank of the group to which the name is given. 

Not to publish the name of a new group without indicating its type (see Recom¬ 
mendation IV). 

XXII. To avoid publishing or mentioning in their publications unpublished 
names which they do not accept, especially if the persons responsible for these names 
have not formally authorized their publication (see Recommendation XV (c). 

XXVI. To give the etymology of new generic names and also of new epithets 
when the meaning of these is not obvious. 

XXVII. To indicate precisely the date of publication of their works and that of 
the placing on sale or the distribution of ncuned and numbered plants when these are 
accompanied by printed diagnoses. In the case of a work appearing in parts, the 
last published sheet of the volume should indicate the precise dates at which the 
different fascicles or parts of the volumes were published as well as the number of 
pages in each. 

XXVIII. When works are published in periodicals, to require the publisher to 
indicate on the separate copies the date (year and month) of publication and also the 
title of the periodical from which the work is extracted. 



M HANUAL OF DBTBRMINATIVB BACTEBIO]X>QT 

XXIX. Separate copies should always bear the pagination of the periodical of 
which they form a part; if desired they may also bear a special pagination. 

Seeiian 7. Citation of Authors* Names for Purposes of 
Precision (Art, 46-49, Ree, XXX-XXXIl) 

Art. 46. For the indication of the name (unitary, binary, or ternary) of a group 
to be accurate and complete, and in order that the date may be readily verified it is 
necessary to cite the author who first published the name in question. 

Art. 47. An alteration of the diagnostic characters or of the circumscription of a 
group does not warrant the citation of an author other than the one who first pub¬ 
lished its name. 

When the changes have been considerable, an indication of their nature and of the 
author responsible for the change is added, the words mutatis charact,, or pro parte, 
or exd, gen., excl. sp,, excL var., or some other abridged indication being employed. 

Art. 48. When a name of a taxonomic group has been proposed but not published 
by one author, and is subsequently validly published and ascribed to him (or her) 
by another author who supplied the description, the name of the latter author must 
be appended to the citation with the connecting word **ex” 

If it is desirable or necessary to abbreviate such a citation, the name of the publish¬ 
ing author, being the more important, must be retained. 

When a name and description by one author are published by another author, the 
word apnd is used to connect the names of the two authors, except where the name of 
the second author forms part of the title of a book or periodical in which case the con¬ 
necting word in is used instead. 

Art. 49. When a genus or a group of lower rank is altered in rank but retains its 
name or epithet, the original author must be cited in parenthesis, followed by the 
name of the author who effected the alteration. The same holds when a subdivision 
of a genus, a species, or a group of lower rank is transferred to another genus or species 
with or without alteration of rank. 

Section 8, Retention of Names or Epithets of Groups which 
are Remodelled or Divided (Art. 60-52) 

Art. 60. An alteration of the diagnostic characters, or of the circumscription of a 
group, does not warrant a change in its name, except in so far as this may be neces¬ 
sitated (1) by transference of the group (Art. 63*-56), or (2) by its union with another 
group of the same rank (Art. 56-57), or (3) by a change of its rank (Art. 58). 

Art. 51. When a genus is divided into two or more genera, the generic name must 
be retained for one of them, or (if it has not been retained) must be re-established. 
When a particular species was originally designated as the type, the generic name 
must be retained for the genus including that species. When no type was designated, 
a type must be chosen according to the regulations which will be given (Appendix I) 

Art. 52. When a species is divided into two or more species, the specific e[5ithet 
must be retained for one of them, or (if it has not been retained) must be re-estab¬ 
lished. When a particular specimen was originally designated as the type, the spe¬ 
cific einthet must be retained for the species including that specimen. When no type 
was designated, a type must be chosen according to the regulations to be given (Ap¬ 
pendix 1). 


^ Appendix I has not been published as yet. See Type Basb Code, p. 61 . 
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Section 9. Retention of Names or Epithets of Groups below the Rank 
of Genus on Transference to Another Genus or Species (Art. 68^6) 

Art. 53. When a subdivision of a genus is transferred to another genus (or placed 
under another generic name for the same genus) without change of rank, its subdivi- 
sional name must be retained, or (if it has not ^en retained) must be re-established 
unless one of the following obstacles exists: (1) that the resulting association of names 
has been previously published validly for a different subdivision, or (2) that there is 
available an earlier validly published sub-divisional name of the same rank. 

Art. 64. When a species is transferred to another genus (or placed under another 
generic name for the same genus), without change of rank, the specific epithet must 
be retained or (if it has not been retained) must be re-established, unless one of the 
following obstacles exists: (1) that the resulting binary name has been previously and 
validly published for a different species, (2) that there is available an earlier validly 
published specific epithet. 

“When, on transference to another genus, the specific epithet has been applied 
erroneously in its new position to a different plant, the new combination must be 
retained for the plant on which the epithet was originally based, and must be attrib¬ 
uted to the author who first published it.“ (Accepted in this revised form at the Am¬ 
sterdam Botanical Congress, 1935.) 

Art. 55. When a variety or other subdivision of a species is transferred, without 
change of rank, to another genus or species (or placed under another generic or spe¬ 
cific name for the same genus or six^cics), the original subdivisions! epithet must be 
retained or (if it has not been retained) must be re-established, unless one of the 
following obstacles exists: (1) that the resulting ternary combination has been previ¬ 
ously and validly published for a subdivision based on a different type, even if that 
subdivision is of a different rank; (2) that there is an earlier validly published sub- 
divisional epithet available. 

When the epithet of a subdivision of a species, on transference to another species, 
has been applied erroneously in its new position to a different plant, the epithet must 
be retained for the plant on which the group w'as originally based. 

Example: The variety micranthum Gren. & Godf. (FI. France^ i, 171:1847) of Heli- 
anthemum italicum Pers., when transferred as a variety to H. penicillatum Thib., 
retains its varietal epithet, becoming H. penicillatum var. micranthum (Gren. & 
Godr.) Grosser (in Engl. Pflanzenreich^ Heft 14,115:1903). 

Section tO. Choice of Names when Two Groups of the Same Rank are 
United^ or in Fungi with a Pleomorphic Life-cycle 
(Art. 66, 67, Rec. XXXIll-XXXV) 

Art. 56. When two or more groups of the same rank are united, the oldest legiti¬ 
mate name or (in species and their subdivisions) the oldest legitimate epithet is re¬ 
tained. If the names or epithets are of the same date, the author who umtes the 
groups has the right of choosing one* of them. The author who first ddopts one of 
them, definitely treating another as a synonym or referring it to a subordinate group, 
must be followed. 

Art. 57. Among Fungi with a pleomorphic life-cycle the different successive 
states of the same species (anamorphoses, status) can bear only one generic and spe¬ 
cific name (binary), that is the earliest which has been given, starting from Fries, 
Systema, or Fries, Synopsis, to the state containing the form which it has been agreed 
to call the perfect form, provided that the name is otherwise in conformity with the 
Rules. The perfect state is that which ends in the ascus stage in the Aseofatfeelss, 
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in the basidium, in the Basidiamycsteit in the teleutoepore or its equivalent in the 
Ur€dinal€9, and In the apore in the UBtilaginales, 

Generic and specific names given to other states have only a temporary value. 
They cannot replace a generic name already existing and applying to one or more 
species, any one of which contains the ^‘perfect** form. 

The nomenclature of Fungi which have not a pleomorphic life-cycle follows the 
ordinary rules. 

Section 11, Choice of Namee when the Rank of a Croup i$ Changed 

Art. 58. When a tribe becomes a family, when a subgenus or section becomes a 
genus, when a subdivision of a species becomes a species, or when the reverse of these 
changes takes place, and in general when a group changes its rank, the earliest legiti¬ 
mate epithet given to the group in its new rank is valid, unless that name or the result¬ 
ing association or combination is a later homonym (see Art. 60,61). 

Section It, Rejection of Namee (Art, 69^9, Rec, XXXVII) 

Art. 69. A name or epithet must not be rejected, changed,;or modified merely 
because it is badly chosen, or disagreeable, or because another is preferable or better 
known (see also Art. 69). 

Art. 60. A name must be rejected if it is illegitimate (see Art. 2). The publication 
d an epithet in an illegitimate combination must not be taken into consideration for 
purposes of priority, ^'except as indicated in Art. 61.’' (Added at the Amsterdam 
Botanical Congress, 1935.) 

A name is illegitimate in the following cases: 

(1) If it was superfluous when published, i.e., if there was a valid name (see Art. 
16) for the group to which it was applied, with its particular circumscription, position 
and rank. 

(2) If it is a binary or ternary name published in contravention of Art. 16,50,52, 
or 54, i.e., if its author did not adopt the earliest legitimate epithet available for the 
group with its particular circumscription, position, and rank. 

(3) If it is a later homonym (see Aii. 61) (except as regards Art. 54 and 55). 

(4) If it is a generic name which must be rejected under Art. 67. 

(5) If its specific epithet must be rejected under Art. 68. 

Art. 61. A name of a taxonomic group is illegitimate and must be rejected if it is a 
later homonym, that is, if it duplicates a name previously and validly published for a 
group of the same rank based on a different type. Even if the earlier homonym is 
illegitimate, or is generally treated as a synonym on taxonomic grounds, the later 
homonym must be rejected. **When an author simultaneously publishes the same 
new name for more than one group, the first author who adopts one of them, or sub¬ 
stitutes another name for one of them, must be followed.” (Added at the Amsterdam 
Botanical Congress, 1935.) 

Art. 62. A name of a taxonomic group must be rejected if, owing to its use with 
different meanings, it becomes a permanent source of confusion or error. A list of 
names to be abandoned for this reason (Nomina ambigua) will form Appendix IV.* 

Art. 63. A name of a taxonomic group must be rejected when its application is 
uncertain (Nomen dubium): e.g., Snmm ebtonicme L. (Cent, II. PI. 28:1756) is a name 
the application of which is uncertain; it most, therefore, be rejected (see &hini and 
Thell in Vierteljahreechr. Nat, Gee. Zdrieh, viii, 71:1918). 


* Appendix IV has not been published as yet. 
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Art. 64. A name of a taxonomic group must be rejected if the characteiB of that 
group were derived from two or more entirely discordant elements, especially if those 
elements were erroneously supposed to form part of the same individual. 

A list of names to be abandoned for this reason (Nomina confusa) will form Ap* 
pendix VI.* 

Art. 65. A name or epithet of a taxonomic group must be rejected when it is based 
on a monstrosity 

Art. 66. The name of an order, suborder, family or subfamily, tribe or subtribe 
must be changed when it is taken from the name of a genus which is known not to be¬ 
long to the group in question—e.g. if the genus Portulaca were excluded from the 
family now known as Poriulacaceae^ the residual group could no longer bear the name 
Porlulacaceae^ and would have to be renamed. 

Art. 67. Names of genera are illegitimate in the following special cases and must 
be rejected: 

(1) When they are merely words not intended as names: e.g. Anonymotis Walt. 

(FI. Carol, 2,4,9, etc.: 1788) must be rejected as being a word applied to 28 
different genera by Waiter to indicate that they were without names. 

(2) When they coincide with a technical term currently used in morphology un¬ 

less they were accompanied, when originally published, by specific names 
in accordance w'ith the binary method of Linnaeus. On and after Jan. 1, 
1912, all new generic names coinciding with such technical terms are un¬ 
conditionally rejected. 

(3) When they are unitary designations of species: e.g. Ehrhart (Phytophylaeium: 

1780; and Beiir. iv, 145-150: 1798) proposed unitary names for various 
species known at that time under binary names: e.g. PhaeocepKalum tor 
Schoenus fusetts, and Leptoslachya for Carex leptostachys. These names, 
which resemble generic names, should not be confused with them, and 
must be rejected, unless they have been published as generic names by a 
subsequent author. 

(4) When they consist of two words, unless these words were from the first com¬ 

bined into one, or joined by a hyphen. 

Art. 68. Specific epithets are illegitimate in the following cases and must be re¬ 
jected : 

(1) When they are merely words not intended as names. 

(2) When they are merely ordinal adjectives being used for enumeration. 

(3) When they exactly repeat the generic name with or without the addition of a 

transcribed symbol. 

(4) When they were published in works in which the Linnean system of binary 

nomenclature for species was not consistently employed. 

Art. 69. In cases foreseen in Art. 60-68 the name or epithet to be rejected is re¬ 
placed by the oldest legitimate name, or (in a combination) by the oldest legitimate 
epithet. If none exists, a new name or epithet must be chosen. Where a near epithet 
is required, an author may, if he wishes, adopt an epithet previously given to the 
group in an illegitimate combination, if there is no obstacle to its employment in the 
new position or sense. 

SeeHon /5. Orthography of Names (Art. 70-71, 

Roe. XXXVm-XLIV) 

Art. 70. The original spelling of a name or epithet must be retained, except in the 
case of a typographic error, or of a clearly unintentional orthographic error. When 
the difference between two generic names lies in the termination, these names musi 


* Appendix VI has not been published as yet. 
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be regarded as distinct, even though differing by one letter only. This does not apply 
to mere orthographic variants of the same name. 

Note 1. The words "original spelling*’ in this Article mean the spelling em¬ 
ployed when the name was validly published. 

2. The use of a wrong connecting vowel or vowels (or the omission of a 
connecting vowel in a specific epithet, or in that of a subdivision of a 
species) is treated as an unintentional orthographic error which may 
be corrected (see Reo. XLIV). "The liberty of correcting a name 
must be used with reserve, especially if the change affects the first 
syllable, and above all the first letter of the name." (Added at the 
Amsterdam Botanical Congress, 1935.) 

3 In deciding whether two or more slightly different names should be 
treated as distinct or as orthographical variants, the essential consid¬ 
eration is whether they may be confused with one another or not: 
if there is serious risk of confusion, they should be treated as ortho¬ 
graphic variants. Doubtful cases should be referred to the Execu¬ 
tive Committee. 

4. Specific and other epithets of Greek origin differing merely by having 
Greek and Latin terminations respectively are orthographic variants. 
Epithets bearing the same meaning and differing only slightly in form 
are (considered as) orthographic variants. The genitive and ad¬ 
jectival forms of a personal name are, however, treated as different 
epithets (e.g. Lyaimachia Hemsleyana and L. Hemaleyi). 

Recommendations: 

XXXVIII. When a new name is derived from a Greek word containing the spiri- 
im asper (rough breathing), this should be transcribed as the letter h. 

XXXIX. When a new name for a genus, subgenus or section is taken from the 
name of a person, it should be formed in the following manner:— 

(a) When the name of the person ends in a vowel the letter a is added (thus Bou- 

ielona after Boutelou; Otloa after Otto; Sloanea after Sloane), except when 
the name already ends in o, when ea is added (e.g. Collaea after Colla). 

(b) When the name of the person ends in a consonant, the letters ta are added 

(e.g. Magntisia after Magnus, Ramondia after Ramond), except when the 
name ends in cr, when a is added (e.g. Kernera after Kerner), 

(c) The syllables which are not modified by these endings, retain their original 

spelling, even with the consonants k and w or with groupings of vowels 
which were not used in classical Latin. Letters foreign to botanical Latin 
should be transcribed, and diacritic signs suppressed. The Germanic 
d, d, a become as, oe, ue\ the French ^ become gcncr.'illy e. In works 
in which diphthongs are not represented by special type, the diaeresis 
sign should be used where required, e.g., Cephailisy not Cephaelia. 

(d) Names may be accompanied by a prefix or a suffix, or modified by anagram 

or abbreviation. In these cases they count as different words from the 
original* name. 

Examples: Durvillea and Urvillea; Lapeyrouaea and Peyrouaea; EnglcrOy 
Bngleraatrum and EnglereUa; Bouehea and Ubochea; Oerardia and 
Graderia. 

XL. When a new specific or other epithet is taken from the name of a man, it 
should be formed in the following manner:— 

(a) When the name of the person ends in a vowel, the letter i is added (thus Gla- 
eiaui from Qlaziou, Bureaui from Bureau), except when the name ends in 
a, when s is added (thus balaneae from Balanaa). 
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(b) When the name ends in a consonant, the letters it are added (thus Magnuaii 

from Magnus, Ramondii from Ramond), except when the name ends in 
-cr when t is added (thus Kerneri from Kerner). 

(c) The syllables which are not modified by these endings retain their original 

spelling, even with the consonants k or wot with^roupings of voweb which 
were not used in classical Latin. Letters foreign to botanical Latin should 
be transcribed and diacritic signs suppressed. The Germanic d, d, H be¬ 
come ae, o€, ou, the French 6, h, i become generally e. The diaeresb sign 
should be used where required. 

(d) When epithets taken from the name of a person have an adjectival form they 

are formed in a similar way (e.g. Geranium Robertianum, Verbena 
Hasalerana ). 

XLI. The same provisions apply to epithets formed from the names of women. 
When these have a substantival form they are given a feminine termination (e.g. 
Cypripedium Hookcrae, Rosa BeatriciSy Scabiosa Olgae, Omphalodea lueiliae), 

XLII. The specific (or other) epithets should be written in conformity with the 
original spelling of the words from which they are derived and in accordance with 
the rules of Latin and latinization. 

E.xamplos: silvestrxs (not sylvestris) sinensis (not chinensis). 

XLIII. Specific (or other) epithets should be written with a small initial letter^ 
except those which are derived from names of persons (substantives or adjectives), or 
are taken from generic ‘'or vernacular'* names (substantives or adjectives). 
(Emended Amsterdam Botanical Congress, 1935. See page 61 for actions taken by 
Second International Microbiological Congress, London, 1936 governing Bacteriolog¬ 
ical Nomenclature.) 

XLIV. In the formation of specific (or other) epithets composed of two or several 
roots taken from Latin or Greek, the vowel placed between the two roots becomes a 
connecting vowel, in Latin t, in Creek o; thus menthifolia, salvifolia, not menthaefolia, 
salviafolia. When the second root Ix^gins with a vowel and euphony requires, the 
connecting vowel should be eliminated (e.g. lepidaniha). The connecting vowels as 
should be retained only where this is required for etymological reasons (e.g. caricoe- 
for mis from CaricOy in order to avoid confusion with cariciformis from Carex), In 
certain compounds of Greek words no connecting vowel is required, e.g. brachycarpus 
and glycylphyllus. 

Section H, Gender of Generic Names 

Art, 72. The gender of generic names is governed by the following regulations:— 

(1) ''A Greek or a Latin word adopted as a generic name retains its classical 

gender. In cases where the classical gender varies, the author has the 
right of choice between the alternative genders. In doubtful cases, general 
usage should be followed." "The following names, however, whose classi¬ 
cal gender is masculine, arc treated as feminine in accordance with historic 
usage: AdoniSy OrchiSy StachySy DiospyroSy Strychnos, HemeroeaUis (m. in 
Sp. PI.: Lat. and Gr. hemercalles n.) is also treated as feminine to bring it 
into conformity with all other generic names ending in w." (Emended 
Amsterdam Botanical Congress, 1935.) See Van Eseltine, Jour. Bact., W, 
1933,569, for discussion of the gender of generic names used for bacteria. 

(2) Generic names w'hich are modern compounds formed from two or more Greek 

or Latin w^ords take the gender from the last. If the ending b altered, 
however, the gender will follow it. 

(3) Arbitrarily formed generic names or vernacular names used as generie names 

t sVe the gender assigned to them by their authors. Where the origmal 
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author has failed to indicate the gender, the next subsequent author has 
the right of choice. 

Section IS, Various Recommendations (Rec. XLV-L) 

XLV. When writing in modern languages botanists should use Latin scientific 
names or those immediately derived from them, in preference to names of another 
kind or origin (popular names). They should avoid the use of the latter unless these 
are very clear and in common use. 

XLVII. Only the metric system should be used in botany for reckoning weights 
and measures. The foot, inch, line, pound, ounce, etc., should be rigorously excluded 
from scientific language. 

Altitude, depth, rapidity, etc., should be measured in meters. Fathoms, knots, 
miles, etc., are terms which should disappear from scientific language. 

XLVm. Very minute dimensions should be reckoned in m (micromillimeters, 
microns, or thousandths of a millimeter) and not in fractions of millimeters or of 
lines, etc.: fractions encumbered with ciphers and commas easily give rise to mis¬ 
takes. 

XLIX. Authors should indicate clearly and precisely the scale of the figures which 
they publish. 

L. Temperatures should be expressed in degrees of the centigrade thermometer 
of Celsius. 

Chapter IV, Interpretation and Modification of the Rules (Art, 75, 74) 

Art. 73. A small permanent International Executive Committee is established 
with functions including the following: 

(1) Interpreting the Rules in doubtful cases, and issuing considered ^'Opinions’* 

on the basis of the evidence submitted. 

(2) Considering Nomina conservanda, Nomina ambigua^ Nomina dubia and 

Nomina confusa, and making recommendations thereon to the next Inter¬ 
national Botanical Congress. 

(3) Considering all proposals for the modification of the Rules and reporting 

thereon to the next Congress. 

(4) Reporting on the effects of modifications of the Rules accepted at the pre¬ 

ceding Congress. 

Art. 74. These Rules can be modified only by competent persons at an Interna¬ 
tional Botanical Congress convened for the express purpose. Modifications accepted 
at one Congress remain on trial until the next Congress, at which they will receive 
sanction unless undesirable consequences, reported to the Executive Committee, 
show need for further amendment or rejection. 

ESght appendices have been or ate to be prepared for this C!ode as 
follows: (1) fReglulations for determining types, (2) tNomina conservanda 
familiarum, (3) *Nomina generica conservanda, (4) tNomina ambigua, 
(5) tNomina dubia, (6) tNomina confusa, (7) ^Representative botanical 
institutions recognized under Art. 34, (8) tNomenclature of garden plants. 

Unfortunately the first appendix which iS'Of greatest interest to bac¬ 
teriologists has not been prepared. As many bacteriologistB, especially 
tiiose in other countries, have not caught the significance of tiie type species 


* These appendixes have been prepared. 
tTheee appendixes have not brnn published as yet. 
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concept as a means of defining bacterial genera, the reader is referred to the 
writings of Hitchcock (Amer. Jour. Bot., 8 , 1921, 251; Descriptive Sys¬ 
tematic Botany, New York, 1926) for an excellent exposition of the value of 
this idea to systematists. 

Hitchcock (1921, p. 262) explains this concept'briefly as follows: ‘‘The 
old concept was that a genus was a group of species having a given com¬ 
bination of characters; a species, similarly, a group of specimens. The new 
type concept is that, from the nomenclatural standpoint, a genus is a group 
of species allied to the type species; a species, a group of individuals similar 
to the type specimen.’* 

Rules for determining types taken from the Type Basis Code of Nomen¬ 
clature (Science, ^ 9 , 1919,333; 53,1921,312) drawn up by a Committee of 
which Hitchcock was Chairman are quoted as these are the most authori¬ 
tative rules thus far available. 

Type Baeia Code oj Nomenclature {Hitchcock et al.) 

Article 4. The nomenclatural type species of a genus is the species or one of the 
species included when the genus was originally published. 

If a genus included but one species when originally published, this species is the 

type. 

When more than one species is included in the original publication of the genus, the 
type is determined by the following rules: 

(a) When, in the original publication of a genus, one of the species is definitely 
designated as type, this species shall be accepted as the type regardless of other con¬ 
siderations. 

If typicua or typua is used as a new specific name for one of the species, this species 
shall be accepted as the type as if it w'ere definitely designated. 

(b) The publication of a new' generic name as an avowed substitute for an earlier 
one does not change the type of the genus. 

(c) If a genus, without an originally designated type, contains among its original 
species one with the generic name used as a specific name, either as a valid name or 
synonym, that species is to be accepted as the type. 

(d) If a genus, when originally published, includes more than one species, and no 
species is definitely designated as type, nor indicated according to (c), the choice of 
the type should accord with the following principles: 

1. Species inquirendae or species doubtfully referred to the genus, or mentioned 

as in any way exceptional are to be excluded from consideration in selecting 
the type. 

2. Qenera of the first edition of Linnaeus’s ^'Species Plantarum” (1753) 

are usually typified through the citations given in the fifth edition of his 
^'Genera Plantarum” (1754) except when inconsistent with the preceding 
articles. 

3. Species which definitely disagree with the generic description (provided others 

agree), or which possess characters stated in the generic description as rare 
or unusual, are to be excluded from consideration in selecting the type. 
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RECOMMENDATIONS 

Article 5. In the future it is recommended that authors of generic names definitely 
designate type species; and that in the selection of types of genera previously pub¬ 
lished, but of which the type would not be indicated by the preceding rules, the fol¬ 
lowing points be taken into consideration: 

(a) The type species should usually be the species or one of the species which the 
author had chiefly in mind. This is often indicated by 

1. A closer agreement with the generic description. 

2. Certain species being figured (in the same work). 

3. The specific name, such as vulgaris, communis^ medicinalis or officinalis. 

(b) The type species should usually be the one best known to the author. It may 
be assumed that an indigenous species (from the standpoint of the author), or an eco¬ 
nomic species, or one grown in a botanical garden and examined by the author, would 
usually represent an author’s idea of a genus. 

(c) In Linnaean genera the type should usually be chosen from those species in¬ 
cluded in the first technical use of the genus in pre-Linnacan literature. 

(d) The types of genera adopted through citations of non-binomial literature 
(with or without change of name) should usually be selected from those of the original 
species which received names in the first binomial publication. 

(e) The preceding conditions having been met, preference should be shown for a 
species which will retain the generic name in its most widely used sense, or for one 
which belongs to a division of the genus containing a larger number of species, or, 
especially in Linnaean genera, for the historically oldest species. 

(f) Among species equally eligible, the preference should be given to the first 
known to have been designated as the type. 

(g) If it is impossible to select a type under the conditions mentioned above, the 
first of equally eligible species should be chosen. 

While the rules and recommendations of the above botanical codes are ap¬ 
plicable in general to bacteria and related microorganisms, the fact that 
these are^not infallible is evident because the rules developed independently 
by zoologists (see Proc. Biol. Soc. Washington, .39, 1926, 75, for the latest 
Code of Zoological Nomenclature) frequently follow a quite different course. 
In some cases at least the zoological rules will appeal to microbiologists as 
more likely to produce uniformity of usage than the botanical rules. 

For example, microbiologists assembled at the Second International 
Microbiological Congress in London, 1936 accepted (Jour. Bact., S3, 1937, 
445) Art. 13 of the International Rules of Zoological Nomenclature as 
preferable to Rec. 43 of the Botanical Rules to govern bacteriological 
practice. This reads as follows: “While specific substantive names derived 
from names of persons may be written with a capital initial letter, all other 
specific names are to be written with a small initial letter. Some examples 
taken from bacteriological literature are: Salmonella SchoUmuelleri or 
Salmonella schoUmuelleri, Bacillus Welchii or Bacillus welchii, Acelobacter 
Pasteurianum or Aceiobacter pasteurianum^ Corynebacterium oinSf Niiro^ 
oomonas javanensiSf Rhizobium japonicum.*^ 



RULES or NOMBNCLATORII 


In the Manual all species names are written with a small letter. It is 
felt that the value of a name as a name is lessened if capitals or other marko 
are used to indicate etymology. The derivation of generic and specific 
names is given separately in the descriptive material. 

Likewise for obvious reasons, microbiologists refiised (Jour. Bact., 55, 
1937,445) to follow the botanical and zoological practice which permits tiie 
use of duplicate generic names, one for an animal and the other for a plant 
group; and accepted the following rules to govern their practice. 

Generic homonyms are not permitted in the group Protista. 
b. It is advisable to avoid homonyms amongst Protista on the one hand, a plant 
or animal on the other.’’ 

The following actions of the International Committee on Bacteriolopcal 
Nomenclature (Cent. f. Bact., II Abt., 92^ 1935, 481) were confirmed 
(Jour. Bact., SS, 1937, 445). 

Bacilbia Cohn 1872 was accepted as a genus conservandum with BaciUus 
subtilis Cohn emend. Prazmowski 1880 as type species. It was agreed 
that Bacillus should be defined so as to exclude bacterial spi^ies which do 
not form endospores; and that the so-called Marburg strain found in t3rpe 
culture collections should be accepted as the type or standard strain. 

At the Third International Congress of Microbiology held in New York 
City in September, 1939, a series of recommendations of the Permanent 
International Committees on Bacteriological Nomenclature were accepted 
at the plenary session of the Congress. The third and fourth reconunenda- 
tions were: 

3. That the Nomenclature Committee, as at present constituted, shall continue 
to function under the auspices of the International Association of Microbiologists 
as it did under the International Society for Microbiology. 

4. That the International Comnuttee shall select from its membership a Ju¬ 
dicial Commission consisting of twelve members, exclusive of mewhm ex officio^ 
and shall designate a Chairman from the membership of the Commission. The 
two Permanent Secretaries of the International Committee on Bacteriological 
Nomenclature shall be members ex officio of the Judicial Commission. The Com¬ 
missioners shall serve in three classes of four commissioners each for nine years, 
so that one class of four commissioners shall retire at every International Con¬ 
gress. In case of the resignation or death of any Commissioner, his place shall 
be filled for the unexpired term by the International Committee at its next 
meeting. 

By prompt action at and subsequent to the* Congress ballots were cast 
in spite of war conditions by 26 of the 62 members of the Permanent Com- 
mittee on Nomenclature. These ballots when examined by the joint Secre¬ 
taries of the Permanent Committee in November, 1942 were found to have 
resulted in the selection of the persons whose names appear below. These 
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are grouped in the three classes specified the Permanent Committee, 
those receiving the highest number of votes being placed in the nine year 
class, those lecehdng the next highest in the six year class, etc. Names in 
the classes are arranged alphabetically. 

Elected for nine years .—(The term normally expires in 1948.) R. E. 
Buchanan (U.S.A.), A. J. Kluyver (The Netherlands), E. G, D. Murray 
(Canada), S. Orla Jensen (Denmark): Elected for six years .—(Term nor¬ 
mally expires in 1945.) J. Howard Brown (U.S.A.), A.-R. Pr4vot (France), 
J. Ramsbottom (Great Britain), Th. Thjotta (Norway); Elected for three 
years .—(Term normally would have expired in 1942.) A. Lwoff (France), 
R. Renaux (Belgium), A. Sordelli (Argentine), C. Stapp (Germany). 

This announcement was made (Sci., 97, 1943,370) in the hope that some 
plan for taking tentative action on questions of nomenclature could be 
developed by those membei'S of the Commission who could be reached 
under war conditions. 

While no provision was made in 1939 for the contingencies that have 
arisen, it is felt that those elected should sei*ve until successors are elected. 
Professor R. E. Buchanan has been asked to act as Chairman pro tern of 
the Judicial Commission as there is no possibility of securing an election 
under the rules as adopted. 

Tentative International Rules of Bacteriological Nomenclature were 
presented to the Third International Congress of Microbiology by a U.S.A.- 
Canadian Committee on Compilation of Proposals on Bacteriological Nom¬ 
enclature. As it proved impossible to give adequate consideration to these 
proposals during the Congress, the following recommendations of the Per¬ 
manent Committee on Nomenclature were accepted: 

1. That a recognized Bacteriological Code be developed. 

2. That publication of such a proposed Code, when developed, be authorized with 

the proviso that it shall be regarded as wholly tentative, but in the hope that 
it shall be widely tested so that it may be brought up for further considera¬ 
tion and final disposition at the next Microbiological Congress which should 
normally take place in 1942. 

Copies of this tentative Code have been issued in mimeographed form by 
Prof. R. E. Buchanan, Iowa State College, Ames, Iowa, U.S.A., Chairman 
of the U.S.A.-Canadian C'ommittec and may be obtained from him. 



CLASS SCHIZOMYCETES NXGELI 


(Bcricht Vcrhandl. d. hot. Section d. 33 Versammling deutsch. Naturforach, u. 
Arzt. Bot. Ztg., 1867, 760.) 

Synonyms: Bacteria Cohn, Beitr. Biol. d. Pflanzen, /, Heft 1, 1872, 136; Bacteria^ 
teat Cohn, ibid., 237 ; Bacteriales Clements (as an ordinal name), The Genera of Fungi, 
Minneapolis, 1900, 8; Schizomycetaceae De loni and Trevisan, in Saccardo, Sylloge 
Fungorum, 8,1889, 923; Schizomycetacea Castellani and Chalmers, Manual of Trop¬ 
ical Medicine, 3rd ed., 1919, 924; Mychota Enderlein, Bakteriencyclogenie, 1924, 236; 
Schizomycetae Stanier and Van Xiel, Jour. Bact , 42 , 1941, 458. 

Typically unicellular plants. Cells usually small, sometimes ultramicroscopic. 
Frequently motile. As in the closely related blue-green algae (Class Schizophyceae), 
the cells lack the definitely organized nucleus found in the cells of higher plants and 
animals. However, bodies containing chromatin which may represent simple nuclei 
are demonstrable in some cases. Individual cells may be spherical; or straight, 
curved or spiral rods. These cells may occur in regular or irregular masses or even 
in cysts. Where they remain attached to each other after cell division, they may 
form chains or even definite filaments. The latter may show some differentiation 
into holdfast cells, and into motile or non-motile reproductive cells (conidia) Some 
grow as branching mycelial threads whose diameter is not greater than that of ordi¬ 
nary bacterial cells, i.e., about one micron. Some species produce pigments. The 
true purple and green bacteria possess pigments much like or related to the true 
chlorophylls of higher plants. These pigments have photosynthetic properties. 
The phycocyanin found in the blue green algae does not occur in the Schizomycetes. 
Multiplication is typically by cell division. Endospores are formed by some'species 
included in Eubactertales. Sporocysts are found in Myxobacieriales. Ultramicro¬ 
scopic reproductive bodies arc found in Borrelomycelaceae, The bacteria are free- 
living, saprophytic, parasitic or even pathogenic. The latter types cause diseases 
of either plants or animals. Seven orders are recognized. 


Key to the Orders and Sub^Orders of the Class Schizomycetes. 


A. 


Cells rigid, not flexuous. Motility by means of flagella or by a gliding movement. 
1. Cells single, in chains or masses. Not branching and mycelial in character. 
Not arranged in filaments. Not acid-fast. Motility when present by means of 
flagella. 

Order I. Eubacleriales, p. 66. 

a. Do not possess photosynthetic pigments. Cells do not contain free sulfur, 
b. Not attached by a stalk. Do not deposit ferric hydroxide. 

Sub-Order I. Eubacteriineae, p.67. 

bb. Attached to substrate, usually by a stalk. Some deposit ferric hy¬ 
droxide. 


Sub-Order II. Caulobaeteriineae, p. 827. 
aa. Possesses photosynthetic chlorophyll-like pigments. Some cells oontaiii 


free sulfur. 


Sub-Order III. Rhodobacteriineae^ p.888. 
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2. OrganiBina forming elongated usually branching and mycelial cells. Multiply 
by cell division, special spores, oidiospores and conidia. Sometimes acid-fast. 
Non-motile. 

Order II. AetinomyeetaleSt p. 895. 

3. Cells in filaments frequently enclosed in a tubular sheath with or without a de¬ 
posit of ferric hydroxide. Sometimes attached. Motile flagellate and non- 
motile conidia. Filaments sometimes motile with a gliding movement. Cells 
sometimes contain free sulfur. 

Order III. Chlamydohacterialea, p. 981. 

B. Cells flexiious, not rigid. 

1. Cells elongate. Motility, by creeping on substrate. 

Order IV. MyxobacterialeSf p. 1005. 

2. Cells upiral. Motility, free swimming by flexion of cells. 

Order V. Spirochaetales, p. 1051. 

Supplements: Groups whose relationships are uncertain. 

1. Obligate intracellular parasites or dependent directly on living cells. 

a. Not ultramicroscopic and only rarely Alterable. More than 0.1 micron in 
diameter. 

Group I. Order RicketlsiaUs, p. 1083. 

SA. Usually ultramicroscopic and Alterable. Except for certain pox viruses 
of animals and a few plant viruses, less than 0.1 micron in diameter. 

Group II. Order Virales, p. 1128. 

2. Grow in cell-free culture media with the development of polymorphic struc¬ 
tures including rings, globules, Alaments and minute reproductive bodies (less 
than 0.3 micron in diameter). 

Group III. Family Borrslomyeetacsae^ p. 1291. 


ORDER I. EUBACTERIALES BUCHANAN. 

(Jour. Bact., 2,1917,162.) 

Simple and undifferentiated rigid cells which are either spherical or rod-shaped. 
The rods may be short or long, straight or curved or spiral. Some groups or species 
are non-motile, others show locomotion by means of flagella. Elongated cells divide 
by transverse Assion and may remain attached to each other in chains. Spherical or¬ 
ganisms divide either by parallel fission producing chains, or by fission alternating in 
two or three planes producing thus either tetrads or cubes of 8 and multiples of 8 cells. 
Many spherical cells form irregular masses in which the plane of division cannot be 
ascertained. Endospores occur in some species. Some species are chromogenic, 
but only in a few is the pigment photosynthetic (bacteriochjorophyll or other chloro- 
phyll-like pigments). 

A group of rather large, spherical to short rod-shaped, colorless sulfur bacteria* 
which somd feel should be included in the order Evbacteriales, has been attached as 
an Appendix to the order Chlamydohacleriales on account of the physiological similar¬ 
ity between the former organisms and the Beggialoaceae, These are in Family Aehro^ 
maUaceaSt p. 997. 
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Sub-Ordbr I. Eubacteriineaa Breed, Murray and Hitchens. 

(Jour. Bact., A7, 1W4, 421.) 

These are, as the name Eubacteriinae implies, the true baoteria in the narrower 
sense of the word. The cells are rigid and free. Branching occurs only under ab¬ 
normal conditions of life. They are not attached by holdfasts nor stalks. They 
form no sheaths. One-third of the species form pigments, but these have no photo¬ 
synthetic properties. Endospores occur in one family (Bacillaceae), rarely in others. 


Key to the Families of the Sub~Order Eubacteriineae. 


I. No endospores (except Sporosarcina). 

A. Can develop on inorganic media. Autotrophic and facultative autotrophic. 

Family I. Nilrobacteriaceae^ p. 69. 

B. Cannot develop on inorganic media (exceptions, see Family XII. Bacteriaceae), 
Heterotrophic. 

1. Polar flagellate, straight, curved or spiral rods. Gram-negative. (Some 
species with a single flagellum will be found under Family IV. Rhizobiaeeaey 
Family V. Aftcrococcoceae and Family VIII. Corynebacteriaceae). 

Family II. Pseudomonadaceae, p. 82. 

2. Large, oval, pleomorphic cells sometimes almost yeast-like in appearance. 
Free living in soil. Fix free nitrogen. Peritrichous flagellation. 

Family III. Azotobacleriaceae, p. 219. 

3. Peritrichous or non-motile rods, and cocci. 

a. Heterotrophic rods which may not require organic nitrogen for growth. 
Usually motile with one to six or more flagella. Usually form nodules 
or tubercles on roots of plants, or show violet chromogenesis. 

Family IV'^. Rhizobiaceae, p. 223. 

aa. Heterotrophic rods or cocci which utilize organic nitrogen and usu¬ 
ally carbohydrates. 

b. Spherical cells in masses, tetrads, and packets. \ few species are 


motile with one or two flagella. 

c. Gram-positive to Gram-negative cocci. Not obligate 
parasites. 

Family V. Micrococcaceae, p. 235. 
cc. Gram-negative, and sometimes anaerobic cocci. Obligate 
parasites. 

Family VI. NcisseriaccaCf p. 295. 
bb. Spherical cells which grow in pairs and chains; and rods. 

c. Gram-positive cocci and rods Xon-motile (some species of 
Streptococcaccae or Corynebaclvriaccae may show motility), 
d. Microacrophilic to anaerobic cocci and rods. Frequently 
in chains. Active in the fermentation of sugars. Never 
reduce nitrates. 

Family VTI. Lactobactcriaceae, p. 305. 
dd. Usually aerobic, but sometimes anaerobic rods. Less 
active in the fermentation of sugars. May or may not 
reduce nitrates. 

Family VIII. Corynebacteriaceae, p. 381. 
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r.c. Gram-negative rods. When motile, from four to many peri- 
trichous flagella. 

d. Grow well on ordinary media containing peptone. Aerobic 
to facultative anaerobic. 

e. Gram-negative, straight rods which ferment sugars 
with the formation of organic acids, 

f. Produce little or no acid in litmus milk. May or 
may not reduce nitrates. Many yellow chromo¬ 
gens. Borderline between this and following 
family indistinct. Some species anaerobic. 

Family IX. AchrornobacteriaceoB^ p. 412. 
ff. Produce COt and frequently visible gas (CO« + 
Hi) from glucose. Reduce nitrates. Usually 
from the alimentary, respiratory or urinary tract 
of vertebrates, though some are free-living or even 
plant parasites. 

Family X. Enterobacteriaceae, p. 443. 
dd. Sniall Gram-negative rods. Obligate parasites which 
usually require body fluids for growth. Do not grow well 
on ordinary media. Some are anaerobic. 

Family XI. Parvobacteriaceaef p. 545. 
ccc. Rods of varied types not included in above families. 

Aerobic to facultative anaerobic. 

Family XII. Boclertaceos, p. 506. 

II. Formendospores. Large rods, sometimes in chains. Aerobic to anaerobic. 

Family XIII. Bacillaceae^ p. 704. 



•FAMILY I. NITROBACTERIACEAE BUCHANAN 
(Jour. Bact., f, 1917, 349 and Jour. Bact., 5,*1918,179.) 

Cells without endospores. Rod-shaped or ellipsoidal except for one spherical spe¬ 
cies [NiiroBococcuB nitroaus). Spiral rods in Nitroaoapira and in one species of 
Thiohacillua, Flagella either polar (so far as known), or absent. Gram stain un¬ 
certain, but presumably Gram-negative for all of the polar flagellate, rod-shaped 
species except for Nitroaomonaa monocella which is reported to be Gram-positive. 
Capable of growing without organic compounds, using COt as the source of carbon, 
and obtaining their energy by oxidation of ammonia, nitrite, hydrogen, sulfur, or 
thiosulfate. Some species can also utilize organic compounds. Non-parasitic, 
usually soil or water forms. 

Key to the tribes and genera of family Nltrobacteriaceae. 

A. Organisms oxidize ammonia to nitrite, or nitrite to nitrate. Growth on stand¬ 

ard media very poor or absent. 

Tribe I. Nitrobacterieaef p. 70. 

a. Cells oxidize ammonia to nitrite. 

b. Cells are separate, free or in dense aggregates. Do not form zoogloea. 

c. Cells ellipsoidal. 

Genus I. Nitroaomonaa, p. 70. 

cc. Cells spherical. 

Genus II. Nitroaoeoccua, p. 71. 

ccc. Cells spiral. 

Genus III. Nitroaoapira, p. 71. 

bb. Cells form a zoogloea. 

c. The zoogloea is surrounded by a common membrane forming a 
cyst. 

Genus IV. Nitroaoq/alia, p. 72. 

cc. The massed cells are embedded in slime. No oonunon membrane 
surrounds the cells. 

Genus V. Nitroaogloea, p. 73. 

aa. Cells oxidize nitrite to nitrate, 
b. Cells form no zoogloea. 

Genus VI. Nitrobacter, p. 74. 

bb. Cells form a zoogloea. 

Genus VII. NUrocyatia, p. 75. 

B. Oiganisms oxidize hydrogen. 

Tribe II. Hydrogenomonadaae, p. 76. 

a. Aerobic, non-spore-formlng rods with single polar flagellum, or non-motile. 

Genus I. Hydrogenomonaa, p. 76. 


• Text revised by Prof. R. S. Breed and Prof. H. J. Conn, Geneva, N. Y., Dec., 
1987. Completely revised by Dr. R. L. Starkey, New Jersey Agricultural Expertment 
Station, New Brunswick, N. J., March, 1943. 

•9 
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C. Organisms oxidize sulfur or thiosulfate and similar inorganic compounds of 
sulfur. 

Tribe III. Thiohacilleae, p. 78. 

a. Aerobic to anaerobic, non-spore-forming rods with a single polar flagellum 
on each (so far as known), or non-motile. 

Genus I. ThiobaeilluSf p. 78. 


TRIBE I. NITROBACTERIEAE WINSLOW ET AL. 

(Jour. Bact., 5,1920, 201.) 

Organisms deriving energy from the oxidation of ammonia to nitrite or from 
nitrite to nitrate and depend on this oxidation for growth. Fail to grow on media 
containing organic matter in the absence of the specific inorganic materials used as 
sources of energy. Many organic compounds commonly used in standard culture 
media are toxic to this group. 

Genus /. Nitrosomonas Winogradsky* 

(Nitromonas Winogradsky, Ann. Inst. Past., 4,1890,257; Arch. Sci. biol., St. Peters 
burg, /, 1892,127; emend. S. and H. Winogradsky, Ann. Inst. Past. 60, 1933,360.) 

Cells ellipsoidal, non-motile or with a single polar flagellum, occurring singly, in 
pairs, short chains or irregular masses, which are not enclosed in a common membrane. 
Oxidize ammonia to nitrite more rapidly than the other genera of this tribe. From 
Latin, nitrostis, full of soda; M.L. nitrous; and Greek monos, a unit; M.L. a monad. 

The type species is Nitrosomonas europaea Winogradsky. 


1. Nitrosomonas europaea Winograd¬ 
sky. (Arch. Sci. biol., St. Petersburg, 
f, 1892, 127; Bacterium nitrosomonas 
Lehmann and Neumann, Bakt. Diag., 
2nd ed., 1899, 187; Pseudomonas 
europaea Migula, in Kngler and Prantl, 
Die nattirl. Pflanzeiifam., /, la, 1895, 29; 
Planococcus europaeus Vuillemin, Ann. 
Mycologie, Berlin, 11, 1913, 525.) From 
Latin, europaeus, of Europe. 

Rods: 0.9 to 1.0 by 1.1 to 1.8 microns 
occurring singly, rarely in chains of three 
to four. Possess a single polar flagellum 
3 to 4 times the length of the rods, or 
rarely one at either end. 

Grow readily in aqueous media with¬ 
out organic matter, and containing am¬ 
monium sulfate, potassium phosphate, 
and magnesium carbonate. The cells 
accumulate in soft masses around the 
particles of magnesium carbonate at the 
bottom of the flask. The liquid is occa¬ 
sionally turbid through development of 
motile swarmer cells or monads. 


Small, compact, shai defined colo¬ 
nies brownish in color oi Mca gel. 

Aerobic. 

Strictly autotrophic. 

Source: Soils of Zurich, Switzerland; 
of Gennevilliers, Frr.nce; and Kazan, 
Russia. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

la. Nitrosomonas eur.*/. lea var. tlalica 
Perotti (Rcndic. d. Accad. d. Lincei 
Roma, 16, 1906, 516; Abs. in Cent. f. 
Bakt., II Abt., 19, 1907, 337). Also see 
Engel and Skallau (Cent. f. Bakt., II 
Abt., 97, 305,1937). 

2. Nitrosomonas monocella Nelson. 
(Cent. f. Bakt., II Abt., 8S, 1931, 287.) 
From Greek monos, single and Latin 
cella, room; M.L. single coll. 

Ovoid rods: 0.6 to 0.9 micron, often 
occurring in pairs. Young cells nearly 
spherical. Motile by means of a single 
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polar flagellum 3 to 5 times as long as the 
rod. Gram-positive (Nelson). Found 
negative by H. J. Conn (personal com¬ 
munication) . 

No growth in nutrient broth, nutrient 
agar, nutrient or plain gelatin, plain or 
litmus milk, glucose or plain yeast 
water, or on potato. 

Silica gel or agar plates of inorganic 
medium; No typical colonies, but yel¬ 
lowish brown masses of growth around 
particles of CaCOi in the medium. 

Inorganic liquid medium containing 
ammonium salts: Uniform development 
throughout the liquid as well as in the 
carbonate sediment. 

Even low concentrations of organic 
matter retard or completely inhibit the 
initiation of growth. Plant extracts are 
toxic. 


Free COt and 0% necessary for growth. 

Optimum pH 8.0 to 9.0. Poor growth 
below pH 7.0. Some growth above pH 
9.0. 

Optimum temperature for growth and 
oxidation 28^0. 

Aerobic. 

Strictly autotrophic. 

Source: Isolated from field soil. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

S. Winogradsky and H. Winogradsky 
(Ann. Inst. Pasteur, 60, 1933, 394) have 
described 5 cultures of NUrosomonas 
which were obtained from soils of France. 
An additional culture has been described 
by H. Winogradsky (Ann. Inst. Pasteur, 
68, 1937, 394) from activated sludge. 


Genus 77. Nitrosococcus Winogradsky, 

(Arch. Sci. biol., St. Petersburg, 1, 1892, 127.) 

Cells large spheres, non-motile, not producing zoogloea. Oxidize ammonia to nitrite. 
From Latin, nitrosus, full of soda; and Greek kokkos, grain; M.L. nitrous coccus. 

The type species is Nilrosococcus nitrosus (Migula) Bergey et al. 


1. Nitrosococcus nitrosus (Migula) 
Bergey et al. (Nitrosococcus Winograd¬ 
sky, Ann. Inst. Pasteur, 5, 1891, 577; 
Arch. Sci. biol., St. Petersburg, 1, 1892, 
127; Micrococcus niirosus Migula, Syst. 
d. Bakt.,i^, 19(X), 194; Nitrosococcus ameri- 
canus Buchanan, Jour. Bact., S, 1918, 
180; Manual, 2nd ed., 1925, 35.) From 
Latin, nitrous, full of soda; M.L. nitrous. 

I^arge spheres, 1.5 to 1.7 microns in 
size, w'ith thick cell membrane. Motil¬ 
ity could not be demonstrated. Stains 
readily with aniline dyes. Observed 
no zoogloea formation. Gram-positive 


(Omelianski, Cent. f. Bakt., II Abt., 19, 
1907, 263). 

Liquid medium: Turbidity. 

Silica gel: Both dark and light colonies. 
Surface colonies look like small drops of a 
turbid yellowish liquid. 

Aerobic. 

Optimum temperature 20® to 25®C. 

Source: Isolated from soil from Quito, 
Ecuador; Conlpanias, Brazil; Melbourne, 
Australia. 

Habitat: Presumably widely distrib¬ 
uted in soil. 


Genus III. Nltrososplra Winogradsky, 

(Compt. rend. Acad. Sci., Paris, I9t, 1931, 1004; Ann. Inst. Ptoteur, 60, 1933, 406.) 

Cells spiral^jhaped.' Oxidise anunonia to nitrite very slowly. From Latin, 
nitrosus, iull of soda; and apira, coil, spiral; M.L. nitrous spiral. 

The typo species is Ifitroaoapin ftrisnsisjjfinogradsky. 
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1. Nltrososplra briensis Winogradsky. 
(Ann. Inst.Pasteur,^, 1933,407.) From 
French, Bn’e, a place name; M.L. of 
Brie. 

Spirals wound tightly to form very 
small cylinders as long as 15 to 20 mi¬ 
crons . Short spi rals have t he appearance 
of short rods and ellipsoidal cells. Small 
pseudo-cocci were observed in old cul¬ 
tures. 

Colonies on silica gel: Small colonies 
which occasionally contain cyst-like ag¬ 
gregates of cells. The cysts are more 
poorly developed than in Nitrosocyalis, 

Aerobic. 

Reaction optimum: pH 7.0 to 7.2. 


Source: Uncultivated pasture soil of 
Brie, France. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

2. Nitrosospira antarctica Winograd¬ 
sky. (Ann. Inst. Pasteur, 50, 1933, 407.) 
From Greek, antarkitoa, southern, 
antarctic. 

Cells and colonies similar to N. brien- 
sis except that the cells are generally 
wound together to form more compact 
spirals. 

Aerobic. 

Reaction optimum: pH 7.0 to 7.2 

Source: Soil from the Antarctic. 

Habitat: Presumably widely distrib¬ 
uted in soil. 


Genua IV. Nitrosocystls Winogmdsky. 

((}ompt. rend. Acad. Sci., Paris, 193, 1931, 1003; Ann. Inst. Pasteur, 50, 1933, 309.) 

Cells ellipsoidal or elongated, uniting in compact, rounded aggregates surrounded 
by a common membrane to form cysts. The cysts disintegrate to free the cells, par¬ 
ticularly when transferred to fresh media. Within the cyst, the cells are embedded 
in slime. Oxidize ammonia to nitrite at a rate intermediate between Nitrosomonaa 
and Nitroaoapira. From Latin, nitroaus, full of soda; and Greek, kyalia, bladder; 
M.L. nitrous cyst. 

The type species is Nitroaocyatia javanenaia comb. nov. 


1. Nitrosocystls javsnensls comb. nov. 
(Niiroaomonaa javanenaia Winogradsky, 
Arch. Sd. biol., St. Petersburg, i, 1892, 
127; Paeudomonaa javanenaia Migula, 
in Engler and Prantl, Die natOrl. 
Pflanzenfam., 1, la, 1895, 30; Compt. 
rend. Acad. Sci., Paris, 193, 1931, 1003.) 
From Latin, of Java. 

Small ellipsmdal cells having a diam¬ 
eter of 0.5 to 0.6 micron. Possess a polar 
flagellum 20 times as long as the rods. 

In liquid medium produces very com¬ 
pact zoogloeal masses of cells and motile 
swarmers. The large zoogloea are them¬ 
selves composed of smaller compact 
aggregates of cells. 

On silica gel the colonies are circular to 
elliptical becoming clear or light brown. 

Aerobic. 

Strictly autotrophic. 

Source: Soil of Buitensorg, Java; 
Tolqfo, Japan; la RmJiaia, Tunisia. 


Habitat: Presumably widely distrib¬ 
uted in soil. 

2. Nitrosocystls coccoides nom. nov. 
{Nitroaocyatia a, S. Winogradsky and H. 
Winogradsky, Ann. Inst. Pasteur, 50, 
1933,401.) From Greek, kokkoa, a grain; 
eidoa, form, shape; M.L. coccus-like. 

Ellipsoidal cells about 1.5 microns in 
diameter. Occur as compact aggregates 
of cells imbedded in mucus and sur¬ 
rounded by a thickened capsule to form 
cyst-like bodies. Cells rarely solitary 
but more often in pairs and in small 
groups of four or more. Probably motile. 
The mucus which surrounds the cells is 
not readily stained, whereas the outsidd 
coating stains more easily. 

Colonies on silica gel: As coknies de« 
▼slop, the coating of CaCOa on the gel 
becomes yellowish and dissolves and the 
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eokny appears as a bulbous, angular, 
brown body which may become 0.5 mm. 
in diameter. The cells are held firmly 
together in these irregularly shaped bul> 
bous aggregates. 

Aerobic. 

Source: Poor soils of Brie and else* 
where in France. 

Habitat: Presumably widely distrib* 
uted in forest and manured soils. 

A similar culture called Nitroiocyetia 
B,A. was isolated from activated sludge 
by H. Winogradsky (Compt. rend. Acad. 
Sci., Paris, FOO, 1935, 1888; Ann. Inst. 
Pasteur, S8, 1937 , 326). It produced 
compact, bulbous, dented cyst*like ag* 
gregates of cells having a yellow color. 
The colonies produced clear zones on 
silica gel coated with CaCOs. These 
cysts were composed of oval or elongated 
coccoid cells imbedded in mucus and sur¬ 
rounded by a thickened capsule, com¬ 


posed of two layers. The cells become 
dispersed from the cysts as motile cells 
and form new colonies. This culture 
differs from N, coccoides in that the 
colonies have a.pale reddish yellow color 
and the oval cells are 0.5 by 1.5 microns 
in size. 

Cultures of Nitroaocyatia were obtained 
by Rommell (Svensk. botan. Tidskrift, 
F5,1932,303) from forest soils. Kingma 
Boltjes (Arch. f. Mikrobiol., 5, 1935, 79) 
obtained cultures which produced masses 
of cells, some of which were loose and 
others compact. They were not believed 
to be true zoogloea since no capsule or 
slimy substance was noted. The de¬ 
velopment of true cysts by nitrifying 
bacteria was questioned. Winogradsky 
(Bull. d. rinst. Pasteur, 55, 1935, 1074) 
concluded that Kingma Boltjes w’orked 
with a culture of Nitroaocyatia and not of 
Nitroaomonaa as was believed. 


Genua V, Nltrosogloea H, Winoyradaky. 

(Compt. rend. Acad. Sci., Paris, tOO, 1935, 1887; Ann. Inst. Pasteur, 68, 1937, 335.) 

Cells ellipsoidal or rod-shaped. Embedded in slime to form zoogloea. No common 
membrane surrounds the cells aggregates. Oxidize ammonia to nitrite. From Latin, 
nitroaua, full of soda; and Greek, gloea, glue. Jelly; M.L. nitrous jelly. 

The type species is Nitroaogloea meriamoidea U. Winogradsky. 


1. Nltrosogloea merismoldes H. Wino¬ 
gradsky. (Nitroaocyatia **r\ H. Wino¬ 
gradsky, Trans. Third Intern. Cong. 
Soil Sci., Oxford, /, 1935, 139; Compt. 
rend. Acad. Sci., Paris, iOO, 1935, 18^; 
Ann. Inst. Pasteur, 68, 1937,333.) From 
Greek, meriamoa, a dividing, division; 
eidoa, form, shape; M.L. division-like. 

Ellipsoidal ceils: 0.5 by 1.5 microns. 
Oval cells or short rods forming tetrads 
or chains, each group with its own sheath. 
The groups vary in shape to produce 
branched chains, irregular or compact 
aggregates. 

Colonies on silica gel: Cells encased in 
a pals yellow mucilage ipving the colony 
a duU appearance. Colony surface stud¬ 
ded with little humps. 


Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 

2. Nltrosogloea schizobacteroides H. 
Winogradsky. (Nitroaocyatia H. 

Winogradsky, Trans. Third Intern. Cong. 
Soil Sci., Oxford, 1, 1935, 139; Compt. 
rend. Acad. Sci., Paris, iOO, 1935, 18^; 
Ann. Inst. Pasteur, 68, 1937,333.) From 
Greek, achizo, to split; baklerion, a small 
rod; eidoa, form, shape; M.L. like a divid¬ 
ing rod. 

Rods: Elongated rods or short fila¬ 
ments 3 to 4 microns long. 

Colonies on silica gel: Flat groups of 
cells are produced which are united in a 
common sheath. The aggregates form a 
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paeudo-tismie of interwoven filaments 
suggestive of a fungus pad. The pad can 
be removed as a unit from the medium. 
Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 

3. Nitrosogloea membranacea H. 
Winogradsky. (NUro90cy9tU H. 

Winogradsky, Trans. Third Intern. Cong. 
Soil Sci., Oxford, f, 1935, 139; Compt. 
rend. A^. Sci., Paris, 999, 19^, 18^; 
Ann. Inst. Pasteur, 53,1937,333.) From 


Latin, membranaetuBt of skin or 
membrane. 

Ellipsoidal cells commonly in pairs and 
also solitary. 

Colonies on silica gel: Appear as dull 
mucoid material with a pale straw color. 
The cells are held firmly together so that 
the entire colony is easily picked up with 
the transfer needle. No structural units 
within the colony. 

Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 


Genus VI. Nltrobacter Winogradsky. 

OTHnogradsky, Arch. Sci. biol., St. Petersburg, f, 1892,* 127; Nilromonas Orla- 
Jensen, Cent. f. Bakt., II Abt., SB, 1909, 334; not Nitromonas Winogradsky, Ann. 
Inst. Past., 4, 1890, 257;NitrobacUrium Castellani and Chalmers, Manual Trop. Med., 
1919, 933.) 

Cells rod>shaped. Oxidize nitrite to nitrate. From Latin, nt^rum, soda; M.L. 
nitre; and Greek haktron, a small rod. 

The type species ib Nitrohaeier winogradskyi Buchanan. 


1. Nltrobacter winogradskyi Buch¬ 
anan. (NUrcbaeter Winogradsky, Arch. 
Sd. Md., St. Petersburg, 1, 1892, 127; 
Bodmiim fiilroboctsr Lehmann and Neu¬ 
mann, Bakt. Diag., 2nd ed., S, 1899,187; 
BaeiUus nitrchacUr Ldhnis, Vorlesungen 
landw. Bakt., Berlin, 1913, 152; Buch¬ 
anan, Jour. Bact., 5,1918,180; Niirobae- 
terium nitrobaeier Castellani and Chal¬ 
mers, Manual Trop. Med., 1919, 933.) 
Nam^ for S. Winogradsky, 185fi- , the 
Russian microbiologist, who first isolated 
these bacteria. 

Description taken from Gibbs, Soil 
8d., 3,1919,448. 

Sl^rt, non-motile rods with gelatinous 
membrane, 0.6 to 0.8 by 1.0 to 1.2 mi¬ 
crons. Does not stain readily. Gram¬ 
negative (Omelianski, Cent. f. Bakt., II 
Abt., 19, 1907, 263.) 

Gui be cultivated on media free of 
organic matter. Senmtive to certain 
organic cmnpounds. 

Washed agar colonies: In 7 to 10 days 
very small, light brown, circular to ir¬ 
regular ookmies, becoming darker. 


Silica gel: Colonies smaller but more 
dense than on washed agar. 

Washed agar slant: In 7 to 10 days 
scanty, grayish streak. 

Inorganic solution medium: Aftei 10 
days fiocculent sediment. Sensitive to 
ammonium salts under alkaline condi¬ 
tions. 

Nitrite is oxidized to nitrate 

Aerobic. 

Strictly autotrophic. 

Optimum temperature 26"* to 28'’C. 

Source: Soil. 

Habitat; Presumably widely distrib¬ 
uted in soil. 

2. Nltrobacter agile Nelson, (Cent, f. 
Bakt., II Abt., 35, 1931, 287.) From 
Latin OfftU, quick, agile, motile. 

Rods: 0.5 by OB to 0.9 micron, occur¬ 
ring ringly, sometimes in pairs or larger 
aggregates. Rapidly motile with a long, 
thin, polar flagellum often 7 to 10 times 
as long as the rod. (Non-motile culture 
obtained by Kingma Boltjes, Arch. f. 
Mikrobiol., 5,1935,79.) Gram-negative. 
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No growth in nutrient broth, nutrient 
agar, nutrient or plain gelatin, litmus or 
plain milk, glucose or plain yeast water, 
or on potato. 

Nitrite agar: After two weeks, produces 
semi-spherical, minute, nearly transpar¬ 
ent colonies. Oxidation usually com¬ 
plete in 10 to 14 days. 

Inorganic liquid medium containing 
nitrite: Produces uniformly dispersed 
growth. 

Optimum pH 7.6 to 8.6. Limits of 
growth 6.6 to 10.0. 


Temperature relations: Optimum for 
growth 26* to 30®C. Optimum for oxida¬ 
tion 28*C. No oxidation at 37*C. Ther- 
mal death point 60^0. for five minutes. 

Strictly autotrophic. 

Aerobic. 

Source: Isolated from greenhouse soils 
and from sewage effluents in Madison, 
Wisconsin. 

Habitat: Presumably widely distrib¬ 
uted in soil. 


Genus VII, Nitrocystls H. Winogradsky. 

(Trans. Third Intern. Cong. Soil Sci., Oxford, 1, 1935,139; NitrogloeaK. Winogradsky, 
Comp. rend. Acad. Sci., Paris, £00, 1935, 1^.) 

Cells ellipsoidal or rod-shaped. Embedded in slime and united into compact zoo- 
gloeal aggregates. Oxidize nitrite to nitrate. From Latin, nitrum, so^; M.L. 
nitre; and Greek, kystis, bladder; M.L. nitric cyst. 

The type species is Niirocystis sarcinoides. 


1. Nitrocystls sarclnoides H. Wino¬ 
gradsky. (Niirocystis B. A., Winograd¬ 
sky, H., Compt. rend. Acad. Sci., Paris, 
m, 1935, 1888; Niirocystis *7*^ and 
Winogradsky, H., Trans. Third 
Intern. Cong. Boil Sci., Oxford, I, 1935, 
139; Ann. Inst. Pasteur, 58, 1937, 336.) 
From Latin, sarcina, a packet; M.L. 
Sarcina, a genus; Greek, eidos, form; 
M.L. Barctna-like. 

Rods: Small rods 0.5 by 1.0 micron. 
Cells ellipsoidal or wedge-shaped and 
grouped in sarcina-like packets. 

Colonics on silica gel: On the surface of 
gel coated with kaolin the colonies appear 
as small raised amber warts. The colon¬ 
ies grow up to 5 mm. in diameter. The 
colonies are viscous and sticky when 
young and they become brown with age, 
shrink, and look like scales and become 
hard like grains of sand. Each colony is 
enveloped in several layers of a thick 
slime which holds the cells together so 
that the entire colony can be removed 
with a transfer needle. 

Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 


2. Nitrocystls micropunctata H. Wino¬ 
gradsky. (Niirocystis Wino¬ 

gradsky, H., Trans. Third Intern. Cong. 
Soil Sci., Oxford, /, 1935,139; Nitrogloea 
micropunctata Winogpradsky, H., Compt. 
rend. Acad. Sci., Paris, 1935, 1888; 
Ann. Inst. Pasteur, 58,1937,326.) From 
Greek, mikros, small, little; and Latin, 
punctatus^ spotted; M.L. with small 
spots. 

Cells are ellipsoidal rods about Oil 
micron in diameter which stain poorly 
except at the ends. Encased in a viscous 
slime. 

Colonies on silica gel: Like N. ear- 
cinoides except that the colonies are more 
clear and they have a more plastic con¬ 
sistency. The cells are not held together 
by the slime in the colony as with AT. 
sarcinoides. The capsule is more readily 
differentiated in old colonies. 

Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 

Appendix: The following have been 
placed in the Tribe ATitro&oclerieas, aome- 
times incorrectly so: 

Boetodgrma alba Winogradsky. (Ann. 
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lost. Pasteur, 60^ 1933, 414.) From soil. 
This is the type species of genus Bacto- 
derma Winogradsky. 

Baetoderma rowa Winogradsky {he. 
eii.t p. 415). Isolated from soil. 

Bacterium nitrificana Chester. (Ni- 
tratbildner aus Northeim, Burri and 
Btutser, Cent. f. Bakt., II Abt., i, 1895, 
735; Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., P, 1897,94; BaeiUue nilrifieane 
Chester Man. Determ. Bact., 1901, 239; 
AthramehacUr nitrificans Bhrgey et al., 
Manual, Ist ed., 1923, 137.) From soil. 
Description of this organism was shown 
by Winogradsky (Cent. f. Bakt., II 
Abt., F, 1896, 415 and 449) to have been 
based on impure cultures. 

Mieroderma minutiesima Winogradsky. 
From soil. This is the type species of 
genus Mieroderma Winogradsky. 

Mieroderma vaeuolaia Winogradsky 
{toe. dL), Isolated from soil. 

NitroeobaeiUue ihermophilue C!ampbell. 
See BaeiUue appendix. 

Niirdbaeler Jheum Sack. (Cent. f. 
Bakt., II Abt., 6F, 1924, 20.) Isolated 
from garden earth. See description. 


Manual, 5th ed., 1939,74. Heterotrophic 
and does not belong here (Kingma 
Boltjes, Arch. f. Mikrobiol., 6,1935, 83). 

Nitrdbaeier oligotrophum Beijerinck. 
(Folia Microbiol., 5,1914,91; Versamelde 
Geschriften van M. W. Beijerinck, 5, 
1922, 190.) Isolated from soil. On cul¬ 
tivation this species lost its autotrophic 
habit and became heterotrophic. The 
organism was then called Nitrcbacter 
polytrophum Beijerinck. 

Niirobacler opaeum Sack {loc. eit. p. 
21). Source and relationships as above. 
See Manual, 5th ed., 1939, 75. 

Nitrcbacter puneteUum Sack {he. cif,, 
p. 20). Source and relationships as 
above. See Manual, ^th ed., 1939,75. 

Nitrobaeter roaeo-album Sack {he. eil., 
p. 17; Serratia roeeo-alba Bergey et al., 
Manual, 3rd ed., 1930, 125.) Source and 
relationships as above. See description. 
Manual, 5th ed., 1939,74. 

NitroBomonae groningeneie Sack. 
(Cent. f. Bakt., II Abt., 84, 1925, 34.) 
Source and relationships as above. See 
description, Manual, 5th ed., 1939, 77. 


TRIBE II. HTDBOOBNOICONADBAE PRIBRAM. 

(Jour. Bact., 18, 1929, 370.) 

Short rods, non-motile or with lophotrichous flagella. Oiganisms capable of deriv¬ 
ing energy from oxidation of hydrogen. They probably grow well on organic media 
without hydrogen, although this has not been shown to be true for all species. 

Oenue /. Hydrogenomonaa Orla-Jeneen.* 

(Cent. f. Bakt., II Abt., 88, 1909, 311.) 

As the only genus of the tribe, its definition is identical with the definition of the 
tribe. From Greek hydbr, water; geno$, producing and monae, a unit. 

The type species is Hydrogenomanae pantotrapha (Kaserer) Orla-Jensen. 


^ This group of bacteria is characterised by the ability to grow in substrates contain¬ 
ing no organic matter and to utilise elemental hydrogen as the source of energy for 
growth* Under these conditions OOt is used as thesource of carbon. Bacteria with 
siiiiilar phyriologleal characteristics but differing in morphology are placed in the 
genera Baeterium, BaeiUue and Chetridium. Although other bacteria and even cer¬ 
tain algM have ensyme systems which can activate hydrogen and reduce OOt in the 
process, there is no evidence that these organisms are able to grow in inorganic media 
with hydrogen as the exclusiye source of energy (See: Stephenson and Stickland, Bfe- 
diem. Jour., 88, 1931,205,215; Woods, Biochem. Jour., 80, 1036,515; Lee and Umbreit, 
Cent. f. Bakt., II Abt., 101, 1940,854; (Saffron, Amer. Jour. Bot., 87, 1940,278). 
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Key to the epeciee of genue Hydrof •nomoius. 

A. Not sensitive to high Os concentrations. Growth in solution media under 

autotrophic conditions characterized by turbidity without pellicle formation. 

1. Hydrogenomonae pantotropha, 

B. Sensitive to high Os concentrations. Growth in solution media under auto¬ 

trophic conditions characterized by pellicle adhering to walls of container. 

2. Hydrogenomonae pUrea. 

C. Sensitive to high Os concentrations. Growth in solution media under auto¬ 

trophic conditions without pellicle formation. 

3. Hydrogenomonae Jlapa. 


1. Hydrogenomonas psntotropha 

(Kaserer) Orla-Jensen. (BaciUue pan- 
totrophue Kaserer, Cent. f. Bakt., II 
Abt., 16 1 1906, 688; Orla>Jensen, Cent, 
f. Bakt., II Abt., Ff, 1909, 311.) From 
Greek pantoe, everything and trophoe^ 
feeds on; M.L. omnivorous. 

Rods: 0.4 to 0.5 by 1.2 to 1.5 microns 
with rounded ends. Occur singly, in 
pairs, and in chains. Encapsulated. Ac¬ 
tively motile by means of a single long 
polar flagellum. Gram stain not re¬ 
corded. Bipolar staining in old cultures. 

Inorganic solution: When cultivated 
under an atmosphere of Os, COs and 
Hs, the liquid becomes turbid without 
pellicle formation. 

Inorganic solid media: When cultivated 
under an atmosphere of Oi, COs and 
the colonies are yellow and slimy, and the 
agar plates have an odor resembling hot 
soapy a*ater. 

Gelatin colonies: Yellow, smooth, 
rarely concentrically ringed or greenish. 

Gelatin stab: Growth only at surface. 
As a rule no liquefaction. 

Agar colonies: Same as on gelatin, 
greenish, often slimy. 

Broth: Turbid, somewhat slimy, and 
occasional pellicle. 

Milk: No coagulation. A yellow pelli¬ 
cle forms. Medium becomes slimy and 
assumes a dirty flesh color. 

Potato: Moist, yellow, glistening. 

Indole is not formed. 

Hydrogen sulfide Is not formed. 

Nitrite is not «>rodueed from nitrate. 

Does not act on carbohydrates. 

Aerobic. 


Optimum temperature 28* to 30®C. 

Facultative autotroph. 

Distinctive characters: Develops auto- 
trophically in inorganic medium under an 
atmosphere of Hs, Os and COs. Oxidizes 
hydrogen to weXer and uses COs as the 
source of carbon for growth. 

Source: Isolated from soil near Vienna. 

Habitat: Probably widely distributed 
in soil. 

2. Hydrogenomonas vitrea Niklewski. 
(Jahrb. f. wissensch. Botanik, 4d, 1910, 
113). From Latin vitreue^ of glass, trans¬ 
parent. 

Rods: 2.0 microns in length, cells ad¬ 
hering to each other as by slime. Mo¬ 
tility not observed. 

Agar colonies on inorganic medium in 
presence of Hs, Os and COs: Delicate, 
transparent, with slight fluorescence, and 
yellow center. Surface folded. Do not 
develop readily beneath the surface of 
medium. 

Agar streak on inorganic substrate: 
Same as agar colonies except that growth 
Is spreading. 

Inorganic liquid medium in presence of 
Hs, Os and COi: Pellicle, adherent to 
well of tube. Good development when 
there is from 2 to 8 per cent oxygen in 
the gas. At higher Ot concentrations 
good growth occurs only in association 
with H. flopa or other bacteria. 

Oxidises hydrogen to waiM*. 

Microaeroplulic, growing in an atmos¬ 
phere of low oxygen tennon, not exceed¬ 
ing 8 per cent. 

Feeultetive antotn^ih. 
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Distinctive characters: Grows in sub¬ 
strates contiuning no organic matter and 
produces a pellicle. 

Source: Isolated from mud, garden 
soil, pasture land, vegetable mold, and 

peat. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

3. Hydrogenomonas flava Niklewski. 
(Jahrb. f. wissensch. Botanik., 48, 1910, 
113; emend. Kluyver and Manten, 
Antonie v. Leuwenhoek, 8, 1942, 71.) 
From Latin flatus, yellow. 

Rods: 1.5 microns in length. Motility 
by polar flagella. Gram-negative. 

Agar colonies on inorganic medium in 
presence of Hi, Ot and COt: Small, 
smooth, yellow, shining, adhering to 
medium. Develop well below surface of 
medium, but growth is paler. 

Gelatin not liquefied. 

Inorganic liquid medium in presence of 
Ht, Os, and COs: No pellicle formation. 
Good development when there is from 2 
to 8 per cent oxygen in the gas. At higher 
Os concentrations good growth occurs 


only in association with H, vitrea or other 
bacteria. 

Oxidizes hydrogen to water. 

Microaerophilic, growing in an atmos¬ 
phere of low oxygen tension, not exceed¬ 
ing 8 per cent. 

Facultative autotroph. 

Distinctive characters: Found singly 
on slides whereas the rod-shaped cells of 
Hydrogenomonas viirea tend to cling to¬ 
gether in masses. Colonies on agar 
opaque, not transparent. 

Source: Same as H, vitrea. 

Habitat; Presumably widely distrib¬ 
uted in soil. 

Appendix: Incompletely described 
species are found in the literature as 
follows: 

Hydrogenomonas agilis Niklewski. 
(Jubli&umsschrift f. Prof. E. Godlewski. 
Kosmos, Lemberg, 1913; See Cent, f 
Bakt., II Abt., 40, 1914, 430.) Fror 
soil. 

Hydrogenomonas minor Niklewski. 
(Jubli&umsschrift f. Prof. £. Godlewski. 
Kosmos, Lemberg, 1913; See Cent. f. 
Bakt., fl Abt., 40, 1914, 431.) From soil 


TBIBE III. THIOBACILLEAE BEXQET, BREED AND MURRAY. 

(Preprint, Manual, 5th ed., Oct., 1938, v.) 

Organisms capable of deriving their energy from oxidation of sulfur or sulfur com¬ 
pounds. Most species do not grow on organic media. 

Oenus I. ThiobaclUas Beijerinek. 

(Beijerinck, Cent, f. Bakt., II Abt., it, 1904,593; Sulfomonas Orla-Jensen, Cent, f. 
Bakt., II Abt., it, 1909, 314; not Thiohacillus Ellis, Sulphur bacteria, London, 1932, 
130; Thiobacierium Lehmann and Neumann, Bakt. Diag., 7 Aufl., i, 1927, 517; not 
Thiobaeterium Janke, Allgemeine Tech. Mikrobiol., 1, 1924, 88, Leipzig.) 

Small Gram-negative, rod-shaped cells. Non-motile or motile by means of a single 
polar flagellum. Derive their energy from the oxidation of incompletely oxidized 
sulfur compounds, principally from elemental sulfur and thiosulfate but in some cases 
also from sulfide, sulfite, and polythionates. The principal product of oxidation is 
sulfate, but sulfur is sometimes formed. They grow under acid or alkaline conditions 
and derive their carbon from carbon dioxide or from bioarbonates in solution; some 
are obligate and some facultative autotrophic. One species is facultative anaerobic. 
From Greek theion, sulfur and Latin baeiUut, a small rod. 

The type apodes is ThiobaeiUus thiopofus Beijerinck. 
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K^y io the epeeiee of genue Thlobadlltif. 

I. Aerobic. 

A. Strictly autotrophic. 

1. Optimum reaction for growth close to neutrality. 

1. Thiobacillue thioparue. 

2. Optimum reaction for growth pH 2.0 to 3.5. 

2. Thiohacillue thiooxidane. 

B. Facultative autotrophic. 

3. Thiobacillue novellue. 

4. Thiobacillue coproliticue, 

II. Anaerobic in presence of nitrate. 

5. Thiobacillue denitrificane. 


1. Thlobacillus thloparus Beijerinck. 
(Cent. f. Bakt., II Abt., 11, 1904, 593; 
Nathanson, Mitt. Zool. Station Neapel, 
16, 1902, 655; Sulfomonae thioparue Orla* 
Jensen, Cent. f. Bakt., II Abt., 1909, 
326). From Greek theion, sulfur and 
paro, to make. 

Thin, short rods, 0.5 by 1 to 3.0 mi¬ 
crons. Motile (non-motile culture re¬ 
ported. See Starkey, Soil Sci., S9, 1935, 
197.) Gram-negative. 

Thiosulfate medium (liquid): Pellicle 
consisting of cells and free sulfur. 

Thiosulfate agar: Colonies small, cir¬ 
cular, whitish yellow due to precipitated 
sulfur. 

Optimum reaction: Close to neutrality. 

Strictly autotrophic. Derives its en- 
ergy by the oxidation of thiosulfate to 
sulfate and sulfur; also oxidizes sulfur to 
sulfate. 

Aerobic. 

Source: Sea water, river water, mud, 
sewage, and soil. 

Habitat: Presumably widely distrib¬ 
uted. 

2. ThlobaclUtis thlooztdans Waksman 
and Joffe. (Jour. Bact., 7, 1922, 239; 
Sulfomonae thiooxidane Waksman, Jour. 
Bact., 7,1922,616; Thiobacierium thiooxy- 
done Lehmann and Neumann, Bakt. Diag., 
7 Aufl., #, 1927, 517.) Prom Greek 
theion, sulfur and M.L. to oxidise. 

Short rods: 0.5 by 1.0 micron with 
rounded ends. Occur singly, in pain, 
or in chains. Motile by means of a single 


polar flagellum. Gram-negative (Star- 
key, Soil Sci., S9, 1935, 210). 

Thiosulfate agar: Scant growth. 
Nearly transparent colonies. 

Sulfur medium (liquid): Uniform tur¬ 
bidity. No sediment or surface growth. 
Medium becomes very acid (below pH 
1 . 0 ). 

Thiosulfate medium (liquid): Uniform 
turbidity. Medium becomes acid and 
sulfur is precipitated. 

Nitrogen sources: Utilizes ammonia 
nitrogen but not nitrate nitrogen which 
is toxic. Asparagin, urea and peptone 
not utilized. 

Temperature relations: Optimum 28* 
to 30*C. Slow growth at 18* and 37*C. 
Death occurs at 55* to 60*C. 

Optimum reaction: pH 2.0-3 Jl. 
(Limiting reactions, pH 6.0 to less than 
pH 0.5.) 

Strictly autotrophic, deriving its 
energy from the oxidation of elementary 
sulfur and thiosulfate, oxidising these to 
sulfuric acid. It utilizes the GOi of the 
atmosphere as a source of carbon. 

Strictly aerobic. 

Distinctive characters: This species 
produces more acid, from oxidation of 
sulfur, and continues to live in a more 
acid medium, than any other living or¬ 
ganism yet reported, the hydrogen-ion 
concentration of the medium increasiiig to 
a pH 0.6 and less. 

Source: Isolated from composts of sml, 
sulfur, and rook phosphate and smls con¬ 
taining incompletely oxidised sulfur 
compounds. 

Habitat: Soil. 
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3. ThiobaclUtts noveUut Starkey. 
(Jour. Bact., F3, 1034, 335; Jour. Gen. 
Phydol., 18, 1935, 325; Soil Sci., S9, 
1935, 207, 210.) From Latin novellut, 
new. 

Short rods or ellipsoidal cells: 0.4 to 
OB by 0.6 to 1.8 microns. Non-motile. 
Gram-negAtive. 

Gelatin stab: Mucoid growth at point 
of inoculation. Sub-surface growth 
meager. Slow liquefaction. 

Agar plate: Growth slow, colorless, 
moist, raised, circular, 1 mm in diameter. 
Deep colonies tiny, lens-shaped. 

Thiosulfate agar plate: Growth slow, 
becoming white from precipitated sulfur. 
Surface colonies small, circular, moist. 
Crystals of C ^04 appear throughout the 
agar. 

Agar slant: Growth fairly abundant, 
soft, somewhat ropy, raised, shining, 
moderately spreading; whitish in re¬ 
flected light, brownish opalescence in 
transmitted light. 

Thiosulfate agar slant: Growth very 
thin, practically colorless. No sub-sur- 
5soe growth. Sulfur usually precipitated 
as white frosty film on the surface. 

Agar stab: White to cream-colored 
growth confined close to point of inocula¬ 
tion. Penetrates to bottom of tube. 

Thiosulfikte agar stab: No appreciable 
muUice growth. 

Broth: Slightly turbid. Gelatinous 
pellicle. Forms long streamer-like 
network extending from surface to the 
bottom. Some sediment. 

Thiosulfate solution medium: Uniform 
turbidity. No pellicle. Whitish sedi¬ 
ment with thin incomplete membrane 
on the bottom of the flask. Beaction 
acid in a few da 3 r 8 , changes pH 7B to 5.8 
with decomposition of a sn^l quantity 
of thkmlfate. 

Sulfur solution medium of slightly 
alkaline reaction: No growth. 

Potato slant: Growth limited, eream- 
eolored, moist, shining, slightly brown. 

litmus milk: Slow development of 
slii^t alkaHnity. 

Facultative autotrophic. 


Optimum reaction: Close to neutrality 
(limiting reactions pH 5.0 to 9.0). 

Aerobic. 

Distinctive characters: Oxidizes thio¬ 
sulfate to sulfate and sulfuric acid. Does 
not oxidize free sulfur. 

Source: Isolated from soils. 

Habitat: Soils. 

4. ThiobacUlus coprolitlcus Lipman 
and McLees. (Soil Sci., SO, 1940, 432.) 
Latinized form of the English word eopro- 
lite, fossil dung. 

Long thin rods: 0.1 to 0.2 by 6 to 
8 (may measure 3 to 40) microns. 
Straight, S-shapcd, and curved cells. 
Motile by means of a single polar flagel¬ 
lum. 

Peptone soil extract agar: Slight 
growth. 

Nutrient solution: Little or no growth. 

Thiosulfate agar: Slow development. 
Produces small watery colonics raised 
above the agar surface. Colonies have 
been noted which were white from pre¬ 
cipitated sulfur. 

Thiosulfate solution: Thiosulfate is 
oxidized. Little or no turbidity. No 
pellicle. No sediment. Change in re¬ 
action from pH 7.6 to 6.1. 

Sulfur medium: Sulfur is oxidized. 
No turbidity. 

Facultative autotrophic. 

Aerobic. 

Distinctive characters: Develops in 
inorganic media and oxidizes thiosulfate 
and sulfur to sulfate. Media with 
slightly alkaline reactions most favorable 
for growth. 

Source: Coprolite rock material from 
Triassic peric^ (Arizona). 

Habitat: Unknown. 

5. ThiobacUlua aenltriflcans Beijer- 
inck. (Cent. f. Bakt., II Abt., 11, 1901, 
597; Sulfimonaa denilrificans Orla-Jen- 
sen, Cent. f. Bakt., II Abt., 83,1909,314.) 
From Latin, de, from; and M.L. nitrifieo, 
to nitrify. 

Short rods, OB by 1 to 3.0 microns long. 
Motile by means of a single polar flagel* 



FAMILY NITBOBACTBBIACSAE 


81 


lum (Tjulpanova-Mossevitoh, Arch. d. 
Sci. Biol., U.S.S.R., SO, im, 203). 

Inorganic liquid medium: Growth with 
production of gas, predominantly nitro> 
gen. 

Thiosulfate agar medium: Colonies 
thin, clear, or weakly opalescent. 

Optimum reaction: Neutral or slightly 
alkaline. 

Autotrophic, utilizing carbon from CO 2 , 
carbonates and bicarbonates. Consid¬ 
ered to be strictly autotrophic by Lieske 
(Ber. d. deutsch. botan. Gesell., SO, 1912, 
12 .) and facultative by Tjulpanova- 
Mossevitch (loc.cit.). Beijerinek stated 
(Kon. Akad. v. Wetenschappen Amster¬ 
dam, 4S, 1920, 899) that whereas the 
organism developed initially in an in¬ 
organic medium, it lost the autotrophic 
habit by cultivation in an organic me¬ 
dium. 

Facultative anaerobic or even inicro- 
aerophilic. Can live in the absence of 
free Of in the presence of nitrate. 

Distinctive characters: Oxidizes thio¬ 
sulfate to sulfate under anaerobic con¬ 
ditions using nitrate as the hydrogen 
acceptor which is reduced to Nf. Also 
oxidizes sulfide, elemental sulfur, and 
dithionatel 

Habitat: Canal and river water, salt 
water, soil, peat, composts and mud. 

Appendix: The following species have 
been placed in Thiobacillua or are re¬ 
garded as belonging to the genus: 

Thiobacillus concretivorws Parker. 
(Austral. Jour. Exper. Biol, and Med. 
Sci., A5, 1945, 81.) From corroded 

concrete sewers. Similar to or identical 


with Thiobacillus thiooxtdans Waksman 
and Joffe. 

Thiobacillus crenalus Emoto. (Proc. 
Imp. Acad. Tokyo, 5, 1929, 149.) Iso¬ 
lated from mud of hot springs in Japan. 
See description. Manual, 5th ed., 1939, 
84. Almost identical with Thiobacillus 
thiooxidans Waksman and Joffe. 

Thiobacillus lobatus Emoto (foe. 
cil.t p. 148). Source and relationships as 
above. See description. Manual, 5th ed., 
1939, 83. 

Thiobacillus thermitanus Emoto. 
(Bot. Mag. Tokyo 1928, 422.) 

Source and relationships as above. See 
description, Manual, 5th ed., 1939, 83. 

Thiobacillus trautweinii Beigey et al. 
See Flavobacterium appendix. 

Thiobacillus umbonaius Emoto (foe. 
cii,, p. 150). Source and relationships as 
above. See description, Manual, 5th 
ed., 1939, 84. 

Thiobacterium beijerinckii Issat- 
chenko and Salimowskaja. (Zur Mor¬ 
phologic u. Physiol, der Thionsaure- 
Imkterien (Russian with German 
abstract), Izyiestia Gosud. Gidrobiol. 
Inst., No. 21,1928,61.) From salt seas in 
Russia. Similar to or identical with 
Thiobacillus thioparus Beijerinck. 

ThwbacUrium beijerinckii var. Jacob- 
senii Issatschenko and Salimowskaja (foe. 
etf.). Variety of previously mentioned 
species. 

Thiobacterium naihansonii Issat- 
chenko and Salimowskaja (foe. eif.). 
From salt seas in Russia. Similar to or 
identical with Thiobacillus ihioparus 
Beijerinck. 
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FAMILY II. PSEUDOMONADACEAE WINSLOW ET AL. 

(Jour. Bact., i, 1917, 655.) 

Cells without endospores, elongate rods, straight or more or less spirally curved. 
One genus (Mycoplana) has branched cells. Usually motile by polar flagella which 
are either single or in small or large tufts. A few species are non-motile. Gram-nega¬ 
tive (a few doubtful Gram-positive tests are recorded in Pseudonumaa). Grow 
well and fairly rapidly on the surface of ordinary culture media excepting Methano^ 
monos and some vibrios that attack cellulose. They are preferably aerobic, only 
certain vibrios including Desulfovibrio being anaerobic. Either water or soil forms, 
or plant or animal pathogens. 

Key to the tribes of family Pseudomonadaceae. 

1. Straight rods. 

Tribe I. Pseudomonadeae, p. 82. 

2. Cells more or less spirally curved. 

Tribe II. Spirilleae, p. 192. 

TRIBE I. PSEUOOMONADEAE KLUYVER AND VAN NIEL. 

(Cent. f. Bakt., II Abt., 94, 1936, 397.) 

This tribe includes all of the straight and branching rods of the family. 

Key to the genera of tribe Pseudomonadeae. 

I. Soil and water bacteria. Few animal and many plant pathogens. Usually 
produce a water-soluble pigment which diffuses through the medium as a 
bluish-green or yellowish-green pigment. 

Genus I. Pseudomonas, p. 82. 

II. Cells usually monotrichous with yellow non-water-soluble pigment. Mostly 
plant pathogens causing necrosis. 

Genus II. Xanthomonas, p. 150. 

III. Soil bacteria which oxidize methane. 

Genus III. Methanomonas, p. 179. 

IV. Bacteria which oxidize alcohol to acetic acid. 

Genus IV. Acetobacter, p. 179. 

V. Soil and water bacteria known to attack protamines. 

Genus V. Protaminobacter, p. 189. 

VI. Soil bacteria with branching cells. Capable of using aromatic compounds, 
as phenol, etc., as a source of energy. 

Genus VI. Mycoplana, p. 191. 

Genus /. Pseudomonas Migula.* 

(Migula Arb. bakt. Inst. Karlsruhe, /, 1894, 237; Bacterium Ehrenberg emend. 
Cohn, Beitr. z. Biol. d. Pflanzen, 1, Heft 1, 1872, 167; Bactrillum Fischer, Jahrb. f. 
wissensch. Bot., t7, 1895,139; Bactrinium Fischer, ibid., 41; Arthrobactrinium Fischer, 
ibid., 139; Arthrobacirillum Fischer, ibid., 139; Bactrinius Kendall, Public Health, 
98, 1992,484; Bactrillius Kendall, ibid.; Bacterium Ehrenl^rg emend. Smith, Bacteria 


^ Revised for the 5th ed. of the Manual by Prof. D. H. Beigey, Philadelphia, Penn¬ 
sylvania, 1937. Further revision for the 6th ed. by Prof. R. S. Breed, New York State 
Experiment Station, Geneva, New York, with incorporation of the plant pathogenic 
species by Prof. Walter H, Burkholder, Cornell University, Ithaca, New York, 
April, 1943. 
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in Relation to Plant Disease, i, 1905, 171; Denilromonaa Orla>Jensen, Cent. f. Baki*, 
11 Abt., W, 1909, 314; LiquidorruiiuiB Orla-Jensen, ibid., 332; LampreUa Enderlein, 
Sitzber. Gesell. naturf. Freunde, Berlin, 1917, 317; Flmromonaa Orla-Jensen, Jour. 
Bact., 6, 1921, 271.) 

Cells moiiotrichous, lophotrichous or non-mo tile. If pigments are produced, th^ 
' are of greenish hue, fluorescent, and water-soluble.* Gram-negative except Nos. 
88, 122 and 128. Frequently ferment glucose, sometimes with the formation of 
visible gas. Inactive in the fermentation of lactose. Nitrates are frequently re¬ 
duced either to nitrites or ammonia, or to free nitrogen. Some species split fat and 
attack hydrocarbons. Soil, water, and plant pathogens; very few animal pathogens. 
Certain salt water species (Nos. 58-64) some of which live in heavy brine are tempo¬ 
rarily retained in this genus although they produce non-water-soluble pigments or 
phosphorescence. From Or. paeitdea, false; monaa, a unit; M. L. monad. 

The type species is Paendomonas aeruginoaa (Schroeter) Migula. 

Key to the apeciea of genua Pseudomonas. 

I. Soil and fresh water forms with a few that are pathogenic on cold or warm 
blooded animals. 

1. Green fluorescent pigment produced, 

a. Gelatin liquehed. 

b. Polar flagellate. 

c. Grow readily at 37®C. Usually bluish-green. 

1 . Paeudomonaa aeruginoaa. 

2 . Paeudomonaa jaegeri. 
cc. Grow poorly or not at all at 37®C. 

d. Milk not coagulated becoming alkaline. 

e. Soil and water organisms. Not known to 
digest cellulose. 

3. Paeudomonaa fluoreaeena. 

4. Paeudomonaa viacoaa. 

5. Paeudomonaa fairmounlenaia. 

6 . Paeudomonaa ureae. 

7. Paeudomonaa paaonacea. 
ee. Soil forms that attack cellulose. 

8 . Paeudomonaa effuaa. 
eee. Pathogenic for lizards. 

9. Paeudomonaa reptilworoua. 

dd. Milk unchanged becoming blue in association with 
lactic acid bacteria. 

10. Paeudomonaa ayncyanea. 
ddd. Milk ecMigulated. 

11 . Paeudomonaa aekuylkUlienaia. 

12. Paeudomonaa ehlororapkia. 

13. Paeudomonaa myxogenea. 

14. Paeudomonaa aepiiea. 
dddd. Soil form. Action on milk not recorded. 

15. Paeudomonaa horeopolia. 


*8ee Tobie, Jour. Boot., 49^ 1945, 459 for a disoussion of the nature of 
theee pigments. 
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hb. Xon-nK>tile. 

c. Grows reiidily at 37®C. 

16 . Pscudomonaa smaragdina, 
ec. Grows poorly or not at all at 37®C. 

17. Paeudomonas chlorina, 

aa. Gelatin not liquefied, 

b. Polar fla^llate. 

c. Grow readily at 37®C. Usually bluish>greeii. 

18 . PstudomoncLS oleovorans. 

19. Pseudomonas incognita, 

20. Pseudomonas conveza. 

21. Pseudomonas mildenhergii, 
cc. Grow poorly or not at all at 37®C. 

d. Milk not coagulated. 

22 . Pseudomonas puiida. 

23. Pseudomonas scissa. 

24. Pseudomonas oviUis. 

25. Pseudomonas striata. 

26. Pseudomonas deniirificans . 
dd. Milk coagulated. 

27. Pseudomonas solaniolem. 

bb. Non-motile. 

c. Grows poorly or not at all at 37® C. 

d. Milk not coagulated. 

28. Pseudomonas eisenbergii. 

2. Green fluorescent pigment not produced or not reported, 

a. Gelatin liquefied, 

b. Polar flagellate. 

c. Grow poorly or not at all at 37®C. No visible gas from 
sugars. 

d. Rapid reduction litmus. Putrid odor. 

29. Pseudomonas putrefaciens. 
dd. Slow reduction litmus. Alkaline. 

30. Pseudomonas mephitica. 

31. Pseudomonas geniculata. 
ddd. Acid coagulated. 

32. Pseudomonas fragi. 

cc. Acid and visible gas from glucose. Optimum tempera¬ 
ture variable. 

d. Litmus milk reduced and alkaline. 

33. Pseudomonas nehulosa, 
dd. Litmus milk acid coagulated. 

34. Pseudomonas coadunata. 

35. Pseudomonas muUistriata. 

36. Pseudomonas punctata. 

37. Pseudomonas kydrophUa. 

38. Pseudomonas ichthyosmia. 

aa. Gelatin not liquefied, 
b. Polar fia^llate. 
c. Grow at 37*C. 
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n. 


HO. PMendomonaa awbiffua* 

40. Pseudomonas sinuosa. 

41. Pseudomonas erueiviae. 
cc. Grow poorly or not at all at 37*C. 

d. Action on hydrocarbons and cellulose unknown. 

42. Pseudomonas ruQosa, 
dd. Utilize hydrocarbons. 

43. Pseudomonas desmolyiicum. 

44. Pseudomonas rathonis, 

45. Pseudomonas dacunhae. 

46. Pseudomonas arvilla, 

47. Pseudomonas salopium. 
ddd. Utilize cellulose. 

48. Pseudomonas minusctda, 

49. Pseudomonas tralucida. 

50. Pseudomonas mira. 

aiui. .Action on f^elatin not recorded. Produces alcoholic fermentation of 
kIucosc. 


51. Pseudomonas lindneri. 

Sea water to brine species. Some species phosphorescent, 
a. Gelatin liquefied. 

b. Polar flagellate. 

c From sea Hsiter. Not deeply pigmented. 

d. Nitrites not produced from nitrates. 

52. Pseudomonas membranoformis. 

53. Pseudomonas marinoglutinosa. 

dd. Nitrites produced from nitrates so far as known, 
e. Digest agar. 

54. Pseudomonas gelatica, 

ee. Deposit calcium carbonate in sea water gelatin 
and agar media in old cultures. 

55. Pseudomonas calcis. 

56. Pseudomonas caUipreeipitans. 
eee. Causes skin lesions in nuirine fish. 

57. Pseudomonas ichthyodermis. 

cc. Produce highly colored pigments in media containing salt 
or in heavy brines, 
d. Blackens salted butter. 

58. Pseudomonas nigrificans, 

dd. Causes purple discoloration of salted beans. 

59. Pseudomonas beijerinckii, 

ddd. Reddens heavy brines (more than 18 per cent salt). 

60. Pseudomonas salinaria, 

61. Pseudomonas etUirubra. 

ccc. Phosphorescent bacteria from decaying fish and crusta¬ 
ceans, and phosphorescent organs of sea animals, 
d. Gelatin liquefied. 

Pseudomonas harpeyi. 
dd. Gelatin not liquefied. 

68 . Pseudomonas phosphoreseens. 

64 . Pseudomonas pieranionii. 
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III. Riant pathogens, causing leaf spot, leaf stripe and similar diseases. 

1. Green fluorescent pigment produced, 

a. Gelatin liquefied. 

b. Acid from sucrose. 

c. Nitrites produced from nitrates. 

fl5. PseudonumoS'fnarlyntae. 

66. Pseudamonaa Btriafaeiem, 

67. Paeudomonaa Umaio» 
cc. Nitrites not produced from nitrates. 

d. Growth in 5 per cent salt. 

68. Paeudomanaa aceria. 

69. Paeudomonfu angulaia, 

70. Paeudomanaa aplata, 

71. Paeudomanaa primulae. 

72. Paeudomanaa viridilivida. 
dd. No growth in 5 per cent salt. 

e. Beef peptone agar turns brown. 

73. Paeudomanaa delphinii. 
ee. Beef peptone agar uncolored. 

74. Paeudomanaa berheridia, 

75. Paeudomanaa coronafaciena. 

75a. Paeudomanaa coronafaeiena var. airo- 
pupurea. 

76. Paeudomanaa lachrymana, 

77. Paeudomanaa maculicola. 

78. Paeudomanaa marginaia. 

79. Paeudomanaa medicaginia, 

79a. Paeudomanaa phaaeolieala. 

80. Paeudomanaa piai, 

81. Paeudomanaa ayringae, 
ddd. Growth in salt solutions not recorded. 

82. Paeudomanaa airofaciena, 

83. Paeudomanaa eumini. 

84. Paeudomanaa deaaiana. 

85. Paeudomanaa erodii, 

86. Paeudomanaa apii, 

87. Paeudomanaa matthialae. 

88. Paeudomanaa mora-prunorum, 

89. Paeudomanaa rimaefaciena, 

90. Paeudomanaa papulana. 

91. Paeudomanaa paeudazoagloeae, 

92. Paeudomanaa iabaei. 
ccc. Nitrite production not reported. 

93. Paeudomanaa lapaa, 
bb. No acid from sucrose. 

c. Nitrites produced from nitrates. 

94. Paeudomanaa bowUaiaa, 

95. Paeudomanaa iniyhi. 

96. Paeudomanaa marginalia. 

97 . Paeudomonaa aetariaa. 
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cc. Nitrites not produced from nitrates, 
d. Lipolytic. 

d8. Paeudomonas polycolor. 
dd. Not lipolytic. 

99. PaeudomcnoB viridiflava. 

99a. Paeudomonaa viridiflava var. eoneen- 
irica. 

ddd. Lipolytic action not reported. 

100. Paeudomonaa ananaa. 

101. Paeudomonaa liguatri. 

102. Paeudomonaa aeaami. 

103. Paeudomonaa tolaaaii. 
bbb. Acid from sucrose not reported. 

c. Nitrites produced from nitrates, 
d. Motile. 

104. Paeudomonaa xanihochlora. 
dd. Non>motile. 

105. Paeudomonaa rhizoctonia. 
cc. Nitrites not produced from nitrates. 

106. Paeudomonaa harkeri. 

107. Paeudomonaa gladioli. 

108. Paeudomonaa mellea. 
ccc. Nitrite production not reported. 

109. Paeudomonaa betlia. 

110. Paeudomonaa panacia. 

a. Gelatin not liquefied, 

b. Acid from sucrose. 

c. Nitrites produced from nitrates. 

111. Paeudomonaa aleurilidia. 
cc. Nitrites not produced from nitrates. 

112. Paeudomonaa glycinea. 

112a. Paeudomonaa glycinea var. japoniea. 

113. Paeudomonaa aavaa*anoi. 

113a. Paeudomonaa aavasianoi var./raxmt. 

114. Paeudomonaa ionelliana. 
bb. No acid from sucrose. 

c. Nitrites not produced from nitrates. 

115. PaciuUnmmaa calcndulac. 

116. Pseudomonas cichorii. 

117. Pseudomonas cissicola. 

118. Pseudomonas nectarophila. 

119. Pseudomonas viburni. 
bbb. .'Vcitl from sucrose not re|x>r<cd. 

c. Nitrites not produced from nitrates. 

120. Paeudomonaa mori. 

121. Pseudomonas slizolobii. 

122. Pseudomonas viciac, 

2. Ctreen fluorescent pigment not produced or not reported, 
a. Gelatin liquefied. 

b. Acid from sucrose. 
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-- c. Nitrites produced from nitrates. 

^ d. Beef-peptone agar turns dark brown. 

123. Pseudomonas alliicola. 

124. Pseudomonas gardeniae. 

dd. Beef-peptone agar remains uncolorccl or liglit dis 
coloration after several weeks, 
e. C}olonies tan to brown. 

125. Pseudomonas caryophylli. 

126. Pseudomonas solanacearum. 

126a. Pseudomonas solanacearum var. asia 
tica. 

ee. Colonies white or colorless. 

127. Pseudomonas castaneav. 

128. Pseudomonas semtnum. 
cc. Nitrites not produced from nitrates. 

129. Pseudomonas passtfloriae, 
bb. No acid from sucrose. 

130. Pseudomonas fabae. 
bbb. Acid from sucrose not refxirted. 

c. Nitrites not produced from nitrates. 

131. Pseudomonas astragali. 

132. Pseudomonas colurnae. 

133. Pseudomonas maublancu. 

134. Pseudomonas polygoni. 
cc. Nitrate production not reported. 

135. Pseudomonas iridicola. 

136. Pseudomonas levisiici. 

137. Pseudomonas radiciperda, 

aa. Gelatin not liquefied. 

b. Acid from sucrose. 

c. Nitrites not produced from nitrates. 

138. Pseudomonas melaphlhora. 
cc. Gas from nitrates. 

139. Pseudomonas helianthi. 
bb. No acid from sucrose. 

c. Nitrites produced from nitrates. 

140. Pseudomonas alboprecipitans. 

141. Pseudomonas petasilis. 

142. Pseudomonas lignicola. 
cc. Nitrites not produced from nitrates. 

143. Pseudomonas andropogonx. 

144. Pseudomonas woodsii. 
bbb. Acid from sucrose not reported. 

c. Nitrites produced from nitrates. 

145. Pseudomonas panici-miUacei. 

146. Pseudomonas saliciperda. 
cc. Nitrites not produced from nitrates. 

147. Pseudomonas eriobotryae. 
aaa. Gelatin liquefaction not reported. 

b. Nitrites not produced from nitrates. 

148. Pseudomonas wieringae. 
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1. Pseudomonas aeruginosa (Schroo* 
ter) Migula. {Bacterium (leruginosum 
Schrocter, in Cohn, Heitrage z. Biologie, 
/, Heft 2, 1872,128; Bacillus pyocyaneus 
Ccssard, Compt. rend. Acad. Sci., Paris, 
94 1 1882, 536; Micrococcus pyocyaneus 
Zopf, Spaltpilzc, 2 Aufl., 1884, 83; Bacil- 
lua ueruginosus Trcvisan, Atti Accad. 
FiH.-Med. Stat., Milano, Ser. 4, 5, 1885, 
11; Bacillus fltiorescens Crookshank, 
Man. of Bact., 3rd cd., 1890, 247; not 
Bacillus fluorcscens Bergey ct al., Man¬ 
ual, Ist ed., 1923, 287; Pseudomonas 
pyocyanca Migula, in Engler and Prantl, 
Die natiirl. PHanzenfain, /, la, 1895, 29; 
Bacterium pyocyaneum l^ehniann and 
Neumann, Bakt. Diag., 1 Aufl., f, 1896, 
267; Migula, Syst. Bakt., S, 1900, 884.) 
From Latin, full of copper rust, or ver¬ 
digris; green. 

Hods: 0.5 to 0.6 by 1.5 microns, oc¬ 
curring singly, in liairs and short chains. 
Motile, possessing one to three polar 
flagella. .Monotrirhous (Reid, Naghski, 
Farrell and Haley, Penn. .4gr. Exp. Sta., 
Bull. 422, 1942, 6). Gram-negative. 

Gelatin colonies: Yellowish or greenish- 
yellow, fringed, irregular, skein-like, 
granular, rapidly liquefying. 

Gelatin stab: Rapid liquefaction. 
The fluid assumes a yellowish-green or 
bluish-green color. 

Agar colonies: I.arge, spreading, gray¬ 
ish with dark center and translucent 
edge, irregular. Medium greenish. 

Agar slant: Abundant, thin, white, 
glistening, the medium turning green to 
tlark brown or black, fluorescent. 

Broth: Marked turbidity with thick 
pellicle and heavy sediment. Medium 
yellowish-green to blue, with fluores¬ 
cence, later brownish. Produces pyo- 
cyanin, fluorescein and pyrorubrin (Am. 
Jour. Hyg., 5, 1925, 707). 

IJtmus milk: A soft coagulum is 
formed, with rapid peptonization and 
reduction of litmus. Reaction alkaline. 

Potato: Luxuriant, dirty-brown, the 
medium becoming dark green. 

Indole usually not formed (Sandiford, 
Jour. Path, and Baot., 44* 1^7, 567). 


Nitrates are reduced to nitrites and 
nitrogen. 

Glucose, fructose, galactose, arab- 
inose, maltose, lactose, sucrose, dextrin, 
inulin, glycerol, mannitol and dulcitol 
are not attacked. Acid from glucose 
(Sandiford, loc. cit.). 

Blood serum: Liquefied. Yellow' 
liquid, greenish on surface. 

Blood hemolyzed. 

Cultures have marked odor of tri- 
methylamine. 

Aerobic, facultative. 

Optimum temperature 37*C. 

Pathogenic for rabbits, guinea pigs, 
rats and mice. 

Common name: Blue pus organism. 

Source: Pus from wounds. Regarded 
as identical with one of the plant patho¬ 
gens {Pseudomonas polycolor) by Elrod 
and Braun (Jour. Bact., 44, 1942, 633). 

Habitat: Cause of various human and 
animal lesions. Found in polluted 
water and sewage- 

2. Pseudomonas jaegeri Migula. 
{Bacillus proteus fluorcscens H. Jaeger, 
Ztschr. f. Hyg., It, 1892, 593; Migula, 
Syst. d. Bakt., F, 1900, 885; Bacillus 
proteus'fluorescens Holland, Jour. Bact., 
5, 1920, 220; Proteus fluorcscens Holland, 
i6td., 224; Pseudomonas protea-fluoreseens 
Holland, ibid., 224.> Named for H. 
Jaeger who first described the species. 

Short, thick rods, with rounded ends, 
occurring singly and in pairs. Motile 
with a tuft of polar flagella which may be 
pushed to one side where cells remain 
in a chain. Gram-negative. 

Gelatin colonies: Small, transparent, 
becoming proteus-like. 

Gelatin stab: Marked surface growth. 

Saccate to infundibuliform liquefaction. 
Liquefied portion green fluorescent. 

Agar slant: Thick, yellowish-white 
layer, the medium becoming greenish- 
fluorescent. At times gas is formed. 

Broth: Turbid, with greenish-gray pel¬ 
licle and sediment. 

Litmus milk: Not coagulated. 
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Potato: Thick, pale yellow becoming 
dark brown layer, slimy. The medium 
becomes bluish-gray. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37*0. 

Pathogenic for mice. 

Source: Regarded by Jaeger as the 
cause of Weil’s disease (infectious jaun¬ 
dice) as it was found repeatedly in 
patients suffering from this disease. 
See Leptospira icUrohaemorrhagiae. 

Habitat: Water. 

3. Pseudomonas fluorescens Migula. 
(BaeiUtu Jluoreseens liqutfaciens FlUgge, 
Die Mikroorganismen, 18^, 289; Migula, 
in Engler and Prantl, Die natUrl. Pflan- 
senfamilien, 1, la, 1805, 29; BacUriutn 
Jluoreseens Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., f, 1896,272.) From Latin, 
Jfuor, flowing; M.L. fluoreseo, to fluoresce. 

Rods: 0.3 to 0.5 by 1.0 to 1.8 microns, 
occurring singly and in pairs. Motile, 
p o ss e ss i ng a polar flagellum. Gram- 
negative. 

Gelatin colonies: Circular, with green¬ 
ish center, lobular, liquefying quickly. 

Gelatin stab: Infun^buliform lique¬ 
faction, with whitish to reddish-gray 
sediment. 

Agar slant: Abundant, reddish layer, 
becoming reddish-gray. The medium 
shows greenish to olive-brown coloration. 

Broth: Turbid, flocculent, with yellow¬ 
ish-green pellicle and grayish segment. 

Litmus milk: No coagulation; becom¬ 
ing alkaline. 

Potato: Thick, grayish-yellow, spread¬ 
ing, becoming light sepia-brown in color. 

Indole is not formed. 

Nitrates reduced to nitrites and am¬ 
monia* 

Acid from glucose. 

Blood serum liquefied. 

Aerobic. 

Optimum temperature 20* to 26*C. 

Not pathogenic. 

Source: Water, sewage, feces. 

Balntat: Soil and water. 


4. Pseudomonas viscosa (Frankland 
and Frankland) Migula. (Bacillus vis- 
cosu^ G. and P. Frankland, Ztschr. f. 
Hyg., e. 1889,391; Migula, Syst. d. Bakt., 
F, 1900, 900.) From M. L. tnscidus, 
sticky, viscid. 

Small rods: 0.5 by 1.5 to 2.0 microns, 
occurring singly. Motile and presum¬ 
ably polar flagellate. Gram-negative. 

Gelatin colonies: Grayish, granular, 
with fimbriate margin. Medium assumes 
a green fluorescent color around each 
colony. 

Gelatin stab: Infundibuliform lique¬ 
faction. Liquefied portion green fluores¬ 
cent with greenish-white pellicle. 

Agar slant: Thin, greenish-white, the 
medium becoming greenish. 

Broth: Turbid, with greenish pellicle. 

Litmus milk: Not coagulated. 

Potato: Moist, chocolate-brown, viscid. 

Indole not formed. 

Nitrites not produced from nitrates. 
Destroys nitrate with the production of 
ammonia. 

Aerobic, facultative. 

Distinctive characters: Resembles 
Pseudomonas Jluoreseens except that 
growth on agar, gelatin and potato is 
viscid. 

Optimum temperature 20*C. 

Source: Unfiltered water from Kent, 
England. Common. 

Habitat: Water. 

5. Pseudomonas fairmountensis 

(Wright) Chester. (BaeiUvs fairmoun¬ 
tensis Wright, Menmirs Nat. Acad. 
Sci., 7, 1895, 458; Chester, Man. 

Determ. Bact., 1901,311; Ackromodocfer 
fairmountenss Bergey et al., Manual, 
1st ed., 1923,146.) From M. L. of Fair- 
mount Park (Philadelphia.) 

Medium-sised rods, occurring singly, 
in pairs and in chains. Motile, p o ss es 
ring polar flagella. Gram-negative. 

Gelatin colonies: Cireular, white, 
translucent. Dark centers with a green¬ 
ish shimmer, thinner edgee and laini 
radial lines. 

Geklin slab: Cratariform Uqueiaetion* 
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Agiar slant: Grayish-whitei glistening. 

Broth: Turbid. 

litmus milk: Alkaline, litmus reduced. 

Potato: Raised, granular, spreading, 
viscid. 

Indole is formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 20'' to 25^0. 

Habitat: Water. 

6. Pseudomonas ureae Bergey ct al. 
(Culture No. 3 of Rubentschick, Cent, f. 
Bakt., II Abt., 7«, 1927. 101; Bergey et 
al.. Manual. 3rd ed.. 1930. 173.) From 
Greek, urum, urine; M. L.. urea. urea. 

Rods: 0.6 to 0.7 by 1.7 to 2.0 microns, 
occurring singly and in pairs. Motile. 
Gram-positive. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonies: Circular, grayish-white. 

Agar slant: Grayish-white layer be¬ 
coming greenish-fluorescent. 

Broth: Turbid. 

Litmus milk: Peptonized. 

Potato: Yellowish-brown streak. 

Indole not formed. 

Nitrates reduced with gas formation. 
Ammonia formed. 

Urea attacked. 

Hydrogen sulfide formed. 

Methylene blue reduced. 

Aerobic, facultative. 

Can grow at 0* C. 

Optimum temperature 20'’C. 

Habitat: Sewage filter beds. 

This species is included here through 
an oversight. It should have been 
placed in the Appendix to the genus 
P8tiuiomona$ as the original description 
is too incomplete to determine its real 
nature. It is reported to be Gram-posi¬ 
tive and motile; but the number and ar¬ 
rangement of flagella are not given. If 
it really is Gram-positive, the species is 
probably peritrichous and does not be¬ 
long In PMeudomonoM, 

7. Pseodomottas paveaacea Levine 
Mid Soppeland. (Bui* No* 77, Iowa 


State Agricultural College, 1928, 41.) 
From Latin, pavo, peacock. 

Rods: 0.5 by 4.5 microns, with truncate 
ends, occurring singly and in chains. 
Motile. Grammegative. 

Gelatin stab: Crateriform liquefaction. 
Medium becoming brown. 

Agar colonies: Circular, raised, becom¬ 
ing green, amorphous, entire. 

Agar slant: Greenish, smooth, glisten¬ 
ing. viscid, medium becoming slightly 
brown. 

Broth: Turbid, with viscid sediment. 
Medium turned dark brown. 

Litmus milk: Slightly alkaline. Lit¬ 
mus reduced. Peptonized after 10 days. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Blood serum liqueted in 5 days. 

No acid or gas from carbohydrate 
media. 

Aerobic, facultative. 

Optimum temperature 22^C. 

Source: Isolated from activated 
sludge. 

8. Pseudomonas eifusa Kellerman et 
al. (Kellerman. McBeth, Scales and 
Smith. Cent. f. Bakt.. II Abt.. 59, 1913, 
515; also Soil Science, /, 1916, 472; Cel- 
lutomomu effnea Bergey et al.. Manual, 
1st ed.. 1923. 162; BaciUua effusue ap¬ 
pears first as a synonym in Bergey at al., 
ibid, ; later used as name of species 5th 
cd , 1939, 616.) From Latin, e^usiis, ef¬ 
fuse. spread out. 

Rods: 0.4 by 1.7 microns. Motile 
with one to three polar flagella. Gram- 
negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant, glistening, 
moist, creamy growth. Greenish fluo¬ 
rescence. 

Peptone starch agar slant: Abundant, 
flat, moist rich creamy growth. Medium 
shows greenish fluorescence. 

Broth: Turbid. 

Litmus milk: Alkaline* Coagulation 
and digestion. 
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Potato: Rich, creamy spreading 
growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, starch, 
glycerol and mannitol. No acid from 
lactose or sucrose. 

Cellulose is attacked. 

Aerobic, facultative. 

Optimum temperature 20^C. 

Source: Isolated from soils in Utah. 

Habitat: Soil. 

8a. Pneudomonas tffuBa var. nonAique- 
faciena Kellerman et al. (loc. cit.)- A 
non-liquefying variety that acts more 
slowly on litmus milk. 

Source: Soils from Utah. 

9. Pseudomonas reptilivorous Cald¬ 
well and Ryerson. (Jour. Bact., S9, 1940, 
335.) From Latin, reptile, a reptile and 
voro, to devour, destroy. 

Rods: 0.5 by 1.5 and 2.0 microns, oc¬ 
curring ringly, in pairs and in short chains 
and having rounded ends. Actively 
motile with two to six polar flagella. 
Gram-negative. 

Gelatin colonies: After 24 hours, small, 
circular, smooth, entire. Liquefaction 
with a yellowish-green fluorescence. 

Gelatin stab: Infundibuliform lique¬ 
faction becoming stratiform. Putrid odor 
present. 

Agar cultures: Circular, smooth, glis¬ 
tening, slightly raised, butyrous, translu¬ 
cent, 2 mm in diameter. 

Agar slant: Growth abundant, smooth, 
filiform, glistening, butyrous and translu¬ 
cent. 

Broth: Turbid with pellicle and sedi¬ 
ment. Putrid odor. 

Litmus milk: Alkaline, peptonization, 
complete reduction. Disagreeable odor. 

Potato: Growth moderate, spreading, 
glistening, yellowish-gray to creamy. 
Disagreeable odor. Medium becomes 
brownish-gray. 

Indole not formed. 

Nitrates not produced from nitrates. 


Hydrogen sulfide not produced. 

Slightly acid, becoming alkaline in 
glucose. No acid from arabinose, xylose, 
lactose, sucrose, maltose, trehalose, raf- 
finose, mannitol, dulcitol, inositol and 
salicin. 

Starch not hydrolyzed. 

Pathogenic for guinea pigs and rabbits, 
horned lizards, Gila monsters and chuck- 
wallas. 

Temperature relations: Optimum 20^ 
to 25®C. Ma.ximum 37®C. 

Distinctive characters: Yellowish- 
green fluorescence present in meat in¬ 
fusion media. Pathogenic. 

Source: Isolated in a bacterial disease 
of horned lizard^ and Gila monsters. 

Habitat: Pathogenic for lizards. 

10. Pseudomonas syncyanea (Ehren- 
l>erg) Migula. {Vibrio syncyaneus Eh- 
renberg, Berichte il.d. Verh. d. k. Preus.s. 
Akad. d. Wissensch. z. Berlin, 5, 1840, 
202; Vibriocyanogenea Fuchs, Magazin fiir 
die gesamte Tierheilkundc, 7, 1841. 100; 
Bacillus syncyaneus Schrocter, Krypto- 
gam. Flora von Schlesicn, 5,1.1886,157; 
Bacillus cyanogerms Zopf. Dio Spalt- 
pilze, 3 Aufl , 1885, 86; Migula, in Engler 
and Prantl, Die naturl. Pflatizenfam., 
/, la, 1805, 29; Bacterium syncyaruum 
Lehmann and Neumann, Bakt Diag., 1 
.\ufl., By 1896, 275; Pseudomonas ryano- 
genes Holland, Jour. Bact., 5, 1920, 224.) 
From Greek, with; kyanros, dark 
blue, dark. 

Rods with rounded ends, occurring 
singly, occasionally in chains, 0.7 by 2.0 
to 4.0 microns. Motile with two to four 
polar flagella. Gram-negative. 

Gelatin colonies: Flat, bluish, trans¬ 
lucent. 

Gelatin stab: Surface growth shiny, 
grayish blue. The medium is colored 
steel-blue with greenish fluorescence. 
Gelatin is liquefied. Some strains do not 
liquefy. 

Agar slant: Grayish-white streak. The 
medium takes on a bluish-gray color with 
slight fluorescence. 
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Broth: Turbid with marked fluo¬ 
rescence. 

Litmus milk: Unchanged. In associa¬ 
tion with lactic acid bacteria the milk 
takes on a deep blue color. 

Potato: Yellowish-gray, shiny layer, 
becoming bluish-gray. The medium be¬ 
comes bluish-gray. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 26®(y. 

Habitat: The cause of blue milk. 

11. Pseudomonas schuylkllliensis 

Chester. {Bacillus fluorescewt schuyl- 
killiensis Wright, Memoirs, Natl. Acad. 
Sci., 7, 448; Chester, Determinative 

Hact., 1901, 320.) From M. L. of the 
Schuylkill (River). 

Synonyms: Pseudotnoruis rapsulaia 
Chester, Man. Determ. Hact , 1901, 322 
(Bacillus fluorescens capsulalus Potticn. 
Ztschr. f. Hyg., //, 1896, 140); Psewltp- 
ttwnas tiermaUtgenes Fuhriuann, ('ent. 
f. Bakt., II Abt., /7. 1906, 356, 

Short rods, with rounded ends, occur¬ 
ring singly, in (lairs and in chains. Mo¬ 
tile, |X)8Hessing a polar flagellum. Cram¬ 
negative. 

Celatin cx^lonies: Crayish-white, trans¬ 
lucent, w'ith brownish center, radiate 
margin, becoming bluish-green. 

Gelatin stab: Slow crateriform lique¬ 
faction, with blue-green fluorescence. 

Agar slant: Grayish, translucent 
growth. Medium shows greenish fluores¬ 
cent. 

Broth: Turbid, with slight ()elliclc and 
blue-green fluorescence. Stringy sedi¬ 
ment. 

Litmus milk: C>>agulated, with slow 
reduction of litmus; peptonized. 

Potato: Brownish, spreading, viscid, 
thick. 

Indole is formed (trace). 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Does not grow at 35^ to 36*0. 


Source: Isolated from Schuylkill River 
water. 

Habitat: Water* 

12. Pseudomrnias chlororaphis (Guig- 
nard and Sauvageau) Bergey ct al. (Ba¬ 
cillus chlororaphis Guignard and Sauva¬ 
geau, Compt. rend. Soc. Biol. Paris, /, 
10 s^r., 1894, 841; Bergey et al., Manual, 
3d ed., 10*10, 165; also see lasscur and 
DupaiK-IjOsseur, Trav. I^ab. Microbiol. 
Fac. Pharm. Nancy, Fasc. 9, 1936, 35.) 
From Greek, chloroSf greenish yellow; 
raphtSy needle. 

Rods:0.8 by 1.5 microns, with rounded 
ends, occurring singly and in pairs. Mo¬ 
tile with polar flagella. Gram-negative. 

Gelatin colonies: Circular, viscid, 
transparent, glistening, lobate margin, 
with fluorescent corona. Dissociates 
readily (I.asscur and Dupaix-Iyasscur, 
he. cif.). 

Gelatin stab: Stratiform liquefaction. 

Broth: Turbid, fluorescent, with crys¬ 
tals of green, water-soluble chloro- 
raphinc. 

Litmus milk: Coagulation Peptoniza¬ 
tion. Crystals of chlororaphine form 
111 the central part of the culture. 

Potato: Citron-yellow layer. Crystals 
of chlororaphine are formed. 

Nitrates reduced to nitrile.s. 

Indole not formed. 

Pigment formation: .\sparagine, potas¬ 
sium phosphate, glycerol, sulfate of mag¬ 
nesium and sulfate of iron are indispensa¬ 
ble to the formation of crystals of 
chlororaphine. 

Aerobic, facultative. Optimum tem¬ 
perature 25* to 30*C. 

Pathogenic for laboratory animals. 
Exotoxi n formed. 

Habitat: Water. 

13. Pseudomonas mjrzogenes Fuhr- 
mann. (Cent. f. Bakt., II Abt., 17, 
1907, 356.) From Greek, myxa, mucus; 
gsnnady to beget; M. L. slime producing. 

Rods: 0.4 to 0.5 by 1.0 to 1.5 microni, 
occurring singly and in pairs. Motile, 
possessing a bundle of five to seven polar 
flagella. Gram-negative. 
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Qdatin colonies: Smobtli, soft, flat, 
qpfeading, entire, yellowish-green. 

Clelatin stab: Growth along stab. 
Liquefaction with yellowish-white sedi¬ 
ment. 

Agar colonies: Circular, raised, smooth, 
amorphous, entire. 

Agar slant: Yellowish-white, moist, 
listening, becoming light green-fluores- 
eent. 

Broth: Turbid, with yellowish-white 
sediment. 

Litmus milk: Flocculent precipitation. 
Slow peptonisation with yellow serum. 
Alkaline. 

Potato: Dirty yellow to olive, moist, 
glistening, entire. 

Indole is formed. 

Nitrates reduced to nitrites and am¬ 
monia. No gas formed. 

Aerobic, facultative. 

Optimum temperature 22'*C. 

S^rce: Isolat^ from beer. 

14. Pseudomonas septica Bergey et al. 
{BadUua fluorescem $epticiis Stutzer 
and Wsorow, Cent. f. Bakt., II Abt., 71, 
1927,113; Bergey et al., Manual, 3rd ed., 
1930,169.) From Greek, sepiikos, putre¬ 
factive, septic. 

Rods: 0.6 to 0.8 by 0.8 to 2.0 microns, 
occurring singly. Motile with a polar 
flagellum. Gram-negative. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonies: Circular with opalescent 
center and transparent periphery. 

Agar slant: Moderate, undulate margin. 
Broth: Turbid with fragile pellicle, 
greenish in upper portion, 
litmus milk: Alkaline, coagulated. 
Bkxxl serum not liquefied. 

Acid from glucose. 

Aerolnc, facultative. 

Optimum temperature 20*C. 

Habitat: Disease of caterpillars. 

15. Pseudomonas boreopoUs Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 74.) Frmn 


Greek, bareas, the North wind; polU, 
city; M. L. North City. 

B/oda: 0.5 to 1.0 by 2.0 to 3.0 microns, 
occurring singly and in pairs. Motile 
with one to five polar flagella. Gram¬ 
negative. 

Gelatin colonies: Liquefied. 

Gelatin stab: Liquefied. Medium red¬ 
dened. 

Agar colonies; Circular or amoeboid, 
white to buif, flat to convex, smooth, 
glistening, translucent border. 

Agar slant: Filiform, whitish, raised, 
smooth, glistening, fluorescent. 

Broth: Turbid. 

Nitrates reduced to nitrites. 

Starch not hydrolyzed. 

Acid produced from glucose. 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature 20^ to 25^C. 

Habitat: Soil. 

16. Pseudomonas smaragdina Migula. 
(Bacillus smaragdinus foetidus Rei¬ 
man, Inaug. Dissertation, WUrsburg 
1887; Migula, Syst. d. Bakt., 5,1900, 890.) 
From Greek, smaragdinas, green like the 
smaragdus, the emerald. 

Small rods, occurring singly. Non- 
motile. Gram-negative. 

Gelatin colonies: Small, convex, irregu¬ 
lar, whitish with greenish shimmer. 

Gelatin stab: Slight surface growth. 
Infundibuliform liquefaction. The 
liquefied medium becomes light emerald 
green in color. 

Agar colonies: Small, brownishryellow, 
convex. 

Agar slant: Abundant growth with 
greenish fluorescence. 

Broth: Turbid. 

Litmus milk: Not coagulated. 

Potato: Dark brown, becoming choco¬ 
late brown. 

Indole not formed. 

Nitrates not reduced. 

The cultures give off an odor resembling 
jasmine. 

Aerobic, facultative. 
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Optimum temperature 37^0. 

Subcutaneous and intravenous inocula¬ 
tions into rabbits cause death in 36 to 48 
hours. 

Source: Isolated from nasal secretions 
in osena. 

17. Pseudomonas dilorina (Frankland 
and Frankland) Levine and Soppeland. 
(BaeiUu$ chlorinus G. and P. Frankland, 
Philos. Trans. Roy. Soc. London, 173, 
1887, 274; Baelerium ehlorinum Migula, 
Syst. d. ]^kt., 3, 1900, 471; Levine and 
Soppeland, Bui. No. 77, Iowa State Agri¬ 
cultural College, 1926.) From Greek, 
chloros, greenish yellow. 

Rods: 0.5 by 1.6 micron, occurring singly 
and in short chains. Non-motile. Gram¬ 
negative. 

Gelatin stab: Crateriform liquefaction 
with green fluorescence. Lemon yellow 
sediment. 

Agar colonies: Circular, raised, smooth, 
amorphous, entire, becoming greenish 
yellow. 

Agar slant: Slightly raised, glistening, 
the medium becoming light greenish 
yellow. 

Broth: Moderate turbidity. Dirty 
yellow sediment. No pellicle. 

Litmus milk: Peptonised. Litmus re¬ 
duced. 

Potato: Scant, olive green growth. 

Indole formed. 

Nitrites produced from nitrates. 

Starch hydrolysed. 

Blood serum liquefied in 5 days. 

Acid from glucose. 

Aerobic, facultative. 

Optimum temperature 22^C. 

Source: Air. 

18. Pseudomonas oleovorans Lee and 
Chandler. (Jour. Bact., Jf, 1941, 378.) 
From M. L. oil destroying. 

Short rods: 0.5 by 0.8 to 1.5 microns, 
occurring singly and in pairs. Motile. 
Gram-negative. 

Gelatin stab: No liquefaction after 0 

weeks. 


Gelatin colonies: Up to 1 mm. in diam¬ 
eter, fluorescent; similar to agar cokmies. 

Surface agar colonies: After 24 hours 
1 to 2 mm. in diameter, smooth, convex, 
shiny, opaque, creamy, fluorescent by 
transmitted light. Edge entire in young 
colonies. 

Deep agar colonies: 0.5 by 1.0 to 1.5 
mm., lens-shaped, buff-colored, not flu¬ 
orescent. 

Agar slant; Growth raised, smooth, 
fluorescent, edge erose. 

Broth: After 24 hours moderate turbid¬ 
ity with slight yellowish viscid sediment. 
No pellicle or ring. 

Litmus milk: No change. 

Indole not formed. 

Potato: Good growth. 

Nitrites are produced from nitrates. 

Starch is hydrolysed. 

No acid from glucose, lactoae, sucrose, 
galactose, xylose, mannitol, salicin and 
glycerol. 

Equally good growth at 25^ and 37*C. 

Aerobic. 

Distinctive character: The fluorescent 
quality of the colonies is not imparted to 
any of the artificial media used. 

Source: Isolated from cutting com¬ 
pound (oil-water emulsion) cireulating 
in a machine shop. The oil in this 
compound may be utilised as a sole source 
of eneigy. 

Habitat; Probably oil-soaked soils. 
Abundant in cutting compounds. 

19. Pseudomonas Incognita Chester. 
(Boctffus fluorescent ineogniiut Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 486; 
Chester, Determinative Bacteriology, 
1901, 323.) From Latin, in, not; cogifo, 
to think; M. L. unknown. 

Short rods, with rounded ends, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile, possessing a poiar flagellum. Gram- 
negative. 

Gelatin colonies: Thin, transparent, 
slightly granular, becoming gieenisii. 
Margin undulate. The medium.assumss 
a blue-green fluorescence. 
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Gelatin stab: No liquefaction. 

Agar slant: Thin, moist, translucent, 
beomning greenish. 

Broth: Turbid, with pellicle, becoming 
greenish. 

Litmus milk: Slightly acid in a month. 
The Utmus is slowly reduced. 

Potato: Moist, glistening, spreading, 
brown. 

Indole is formed (trace). 

Nitrites are produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 35^0. 

Habitat: Water. 

20. Pseudomonas conveza Chester. 
{Bacillus fluorescens convexus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 438; 
Chester, Determinative Bacteriology, 
1901, 325.) From Latin, convexus, con¬ 
vex, arched. 

Short, thick rods, with rounded ends. 
Motile, possessing a polar flagellum. 
Gram-negative. 

Gelatin colonies: Circular, convex, 
glistening, bright greenish, translucent. 
The medium becomes blue-green, flu¬ 
orescent. 

Gelatin stab: IJght green, raised, 
glistening surface growth. No liquefac¬ 
tion. 

Agar slant: Moist, translucent, glisten¬ 
ing, light greenish. The medium as¬ 
sumes a greenish color. 

Broth: Turbid, becoming greenish. 

1.»itmu8 milk: No coagulation; alkaline. 

Potato: Pale brown, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature .30"C. 

Habitat: Water. 

21. Pseudomonas mildenbergii Ber- 
gey et al. (Der blaue bacillus, Milden- 
berg, C^nt. f. Bakt., II Abt., 56, 1922, 
309; Pseudomonas eyanogena Bergey et 
al., Manual, let ed., 1923,129; not Baeii^ 
lus eyanogenes FlQgge, Die Mikroorgan- 


ismen, 1886,201; not Pseudomonas cyano^ 
genes Hammer, Dairy Bact., 1928, VO; 
Bergey et al.. Manual, 3rd ed., 1980, 
172.) Named for Mildenberg who first 
isolated this species. 

Rods: 0.3 to 0.5 by 1.0 to 3.5 microns, 
with rounded ends, occurring singly. 
Motile, possessing polar flagella. Gram¬ 
negative. 

Gelatin colonies: Circular, lobed, 
smooth, glistening, slightly raised, steel- 
blue, entire. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, circular, yellow¬ 
ish or reddish-yellow, entire, becoming 
lobed, grayish-green, iridescent. The 
medium becomes dirty grayish-green. 

Agar slant: Smooth, spreading, slimy, 
glistening, grayish-green to dark green, 
fluorescent. 

Broth: Turbid green, iridescent to 
opalescent with slimy sediment. 

Litmus milk: Not coagulated, blue 
ring. 

Potato: Slimy, glistening, spreading, 
steel blue. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25^C. 

Source: Isolated from air. 

2. Pseudomonas putida (Trevisan) 
Migula. (Bacillus ftuorescens puiidus 
Flttgge, Die Mikroorganismen, 2 Aufl., 
1886, 288; Bacillus puiidus Trevisan, 
I gen. e le specie d. Batteriacee, 1889,18; 
Migula, in Engler and Prantl, Die na- 
tllr. Pflanzcnfam., /, la, 1895, 29; Ba¬ 
cillus fluortscens putridus (sic) Kruse, 
in Flttgge, Die Mikroorganismen, F, 
1896, 292; Bacterium putidum I.«hmann 
and Neumann, Bakt. Diag., 1 Aufl., F, 
1896, 271; Pseudomonas puirida (sic) 
Migula, Syst. d. Bakt., F, 1900, 912.) 
It is not clear which spelling should be 
used. Either is correct. From l 4 ttin 
puUda or puirida, rotten, stinking. 

Rods, with rounded ends. Motile, 
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r) 088 es 8 ing polar flagella. Gram-ncgative. 

Gelatin colonies: Simill, finely granular, 
fluorescent with dark center, surrounded 
by a yellow zone, with pale gray mai^gin. 

Gelatin stab: Dirty-white surface 
growth, becoming greenish, fluorescent. 
No liquefaction. 

Agar colonies: Circular, raised, smooth, 
amorphous, entire, with fluorescent zone 
around the periphery. 

Agar slant: Yellowish-green layer, be¬ 
coming fluorescent. 

Broth: Turbid, fluorescent. 

Litmus milk: Unchanged. 

Potato: Thin, gray to brownish, slimy 
layer. 

Cultures give off odor of trimethyl- 
amine. 

Indole not formed. 

Nitrites are produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25®C. Will grow 
at 37®C. (Reid ct al., Penn. Agr. Exp. 
Sta., Bull. 422, 1042, 0). 

Distinctive features: Identical with 
P$eudomonas fltiore$cens Migula accord¬ 
ing to Lehmann and Neumann (loc. cii.) 
except that it does not liquefy gelatin. 
See Pse^idomonas eisenbergii Migula. 

Habitat: Putrefying materials; water. 

23. Pseudomonas scissa (Frankland 
and Frankland) Migula. {Bacillus sets- 
sus G. and P. Frankland, Ztschr. f. Hyg., 
6, 1889, 398; Migula, Syst. d. Bakt., f, 
1900, 927.) From Latin, scissus, p.p. of 
scindo, to rut. 

Rods: 0.5 by 0.6 to 1.0 micron, with 
rounded ends, occurring singly, in pairs 
and in chains; on gelatin, coccus-like. 
Motile with presumably polar flagella. 
Gram-negative. 

Gelatin colonies: Small, greenish. 

Gelatin stab : Thin, snwoth. glistening 
surface growth, irregular, serrate margin. 
No liquefaction. The medium becomes 
light green in color. 

Agar slant: Smooth, glistening, lobed. 
The medium assumes a greenish color. 

Broth: TurMd, with whitish sediment. 


Litmus milk: Not coagulated. 

Potato: Glistening, reddish-brown 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 20^C. 

Distinctive characters: Resembles 
Pseudomonas viscosa Migula. 

Source: Found in water and soils in 
Kent, England. 

Habitat: Water and soil. 

24. Pseudomonas ovalis Chester. 
{BacilluH fltioreseens ovalis Ravenel, 
Memoirs Nat. Acad. Sci., 8, 1896, 9; 
Chester, Determinative Bacteriology, 
1001, 325; not Bacillus ovalis Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 435.) 
From ovum, egg; M. L. oval. 

Rods. 0.3 to 0.7 by 0.7 to 1.3 microns, 
occurring singly. Motile, possessing a 
single polar flagellum. Gram-negative. 

Gelatin colonics: Irregular, lobate, 
slightly granular. 

Gelatin stab: No liquefaction. 

.\gar colonies: Circular, opaque, entire, 
greenish fluorescence. 

.\gar slant: Thick, white, becoming 
greenish, fluorescent. 

Broth : Turbid, with pellicle. 

Litmus milk. No coagulation; alLaline. 

PotatcK Lu.xuriant, dirty-brown. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Blcx)d serum not liquefied. 

Acid from glucose. 

Aen>bic, facultative. 

Optimum tcm|>erature 25'*C. 

Habitat: 8oil. Has l)een found in in¬ 
testinal canal. 

25. Pseudomonas striata Choator. 
{BacMm striaius viridis Ravanel, 
Memoirs Nat. Acad. Sci., 1896, 22; 
Chester, Determinative Baoterkdogy, 
1901, 325.) From Latin, sfno, streak, 
groove. 

Slender rods, of variable lengths, alafai- 
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ing irregularly, occurring singly and in 
pairs. Motile* possessing polar flagella. 
Gram*negative. 

Gelatin colonies: Circular, yellowish, 
with filamentous border. 

Gelatin stab: Raised, white surface 
growth. No liquefaction. 

Agar slant: Thin, yellowish-green, 
smooth, glistening. 

Broth: Turbid, becoming slightly 
greenish. 

Litmus milk: No coagulation; becom¬ 
ing alkaline; litmus reduced. 

Potato: Moist, glistening, becoming 
chocolate-brown. 

Indole is formed. 

Nitrites are produced from nitrates. 

Aerobic. 

Optimum temperature 25**C. 

Habitat: Soil. 

26. Pseudomonas denltrlficans Ber- 
gey et al. (Bacillu$ denitrificans ftm- 
re$een$ Christensen, Cent. f. Bakt., II 
Abt., 11, 1903,190; !^rgey et al., Manual, 
Ist ed., 1923, 131.) From Latin, de, 
from, out of; nitrum, soda, nitre; M. L. 
denitrifying. 

Rods: 0.5 to 0.7 by 0.5 to 1.25 microns, 
occurring singly and in pairs in large, 
slimy masses. Motile. Gram-negative. 

Gelatin eolonies: Small, circular, con¬ 
toured, raised, moist, pearly-gray, glis¬ 
tening. 

Gelatin stab: Whitish, lobed surface 
growth. Yellowish-green growth in stab. 
No liquefaction. 

Agar colonies: Pearly white, circular, 
entire. 

Agar slant; Broad, whitish, contoured, 
moist, entire. 

Broth: Turbid, with thick, wrinkled 
pellicle. 

litmus milk; Not coagulated. 

Potato: Reddish-gray layer. 

Indole not formed. 

Nitrates reduced with production of 
niiiqgen. 

Aerobic, facultative. 

Optimum temperature 25*C. 

Habitat; Soil. 


27. Pseudomonas solaniolens Paine. 
(Rept. Int. Conf. Phytopath, and Econ. 
£nt. Holland, 1923, 77; Phytomonaa so* 
laniolena Bergey et al.. Manual, 3rd ed., 
1930, 274.) From M. L. Solatium, a 
generic name. 

Small oval rods: Motile with a polar 
flagellum. Gram-negative. 

Produces an iridescence in gelatin. 

Gelatin: No liquefaction. 

Gelatin colonies: Round. Iridescence 
in medium. 

Agar colonies: Fale buff. 

Litmus milk: Curd, with no sign of 
digestion. 

Potato: Pale buff-colored growth, no 
change in medium. 

Nitrites not produced from nitrates. 

Acid but not gas from glucose. No 
acid or gas from lactose, sucrose, manni¬ 
tol or glycerol. 

Starch: Action feeble. 

Optimum temperature 20^ to 30*C. 

Aerobic, facultative. 

Source: Isolated from potato showing 
internal rust spots. 

28. Pseudomonas eisenbergii Migula. 
(Bacillus fluarescena non liquefaciena 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
145; Bacillua fiuoreacens immobilia Kruse, 
in FlOgge, Die Mikroorganismen, 6,1886, 
294; Migula, Syst. d. Bakt., f, 1900, 913; 
Bacterium immobile Chester, Man. De¬ 
term. Bact., 1901,180; Paeudomonaa non* 
liquefaciena Bergey et al., Manual, Ist 
ed., 1923, 132.) Named for Eisenl^rg, 
the bacteriologist who first reported this 
species. 

Short, slender rods, with rounded ends, 
occurring singly. Non-motile. Kruse 
(loc, cil., p. 293) lists the motile form of 
this organism as Bacillua Jluoreacena non 
liquafaeieno. Gram-negative. 

Gelatin colonies: Fem-like surface 
colonies. Medium around colonies has a 
pearly luster. 

Gdatin stab: Surface growth has fluo* 
reseent shimmer. No liquefaction. 

Agar sfamt: Greenish layer. 

Broth: Turbid, fluoreioeiit. 
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litmus milk: Unchanged. 

Fbtato: Diffuse, brownish layer. Me¬ 
dium acquires a grayish-blue color. 

Indole is not formed. 

Nitrites produced from nitrates. 

Acid from glucose. 

Blood serum liquefied. 

Aerobic, facultative. 

Optimum temperature 25”C. 

Not pathogenic. 

Habitat: Water. 

29. Pseudomonas putrefaciens (Derby 
and Hammer) Long and Hammer. 
{AchromobacUr piUrefaciena Derby and 
Hanuner, Iowa Agr. Exp. Sta. Res. Bui. 
145, 1931, 401; Long and Hammer, Jour. 
Bact., 1941, 100.) From Latin, 
putrida, rotten, stinking; faciena, mak¬ 
ing. 

Rods: 0.5 to 1.0 by 1.1 to 4.0 microns, 
occurring singly and in pairs. Motile, 
with a single fii^;ellum. Gram-negative. 

Gelatin stab: Rapid, saccate to strati¬ 
form liquefaction, with reddish-brown 
sediment in the liquefied portion. 

Agar colony: Circular, smooth, glisten¬ 
ing, slightly raised, somewhat trans¬ 
parent, with brownish tinge. 

Agar slant: Echinulate, slightly red- 
dish-brow'n, viscous. 

Broth: Turbid, with thin, gray pellicle, 
and reddish-brown sediment. 

Litmus milk: Rapid reduction and 
proteolysis with odor of putrefaction. 

Potato: Echinulate, smooth, glistening, 
viscous, reddish-brown. 

Indole not produced. 

Nitrites are produced from nitrates. 

/ Acid from maltose and sucrose. No 
action on glucose, fructose, galactose, 
arabinose, lactose, raffinose, dextrin, 
inulin, salicin, amygdalin, glycerol. 

Ammonia is formed. 

Aerobic, facultative. 

Optimum temperature 2UC. 

Source: Isolat^ from tainted butter. 

Habitat : Milk, cream, butter, water, 
soil, creamery equipment (I/mg and 
Hammer, ioe. cil.; Claydon and H a mmer , 


Iowa Agr. Exp. Sta., Res. Bull. 287, 
1939.) 

30. Pseudomonas mephitica Claydon 
and Hammer. (Jour. Bact., 57,1939,254.) 
From Latin, mephitis, pestilential, malo¬ 
dorous; M.L. Mephitis^ a generic name. 

Rods: 0.5 to 1.0 by 1.5 to 14.0 microns, 
occurring singly, in pairs and in chains. 
Actively motile with a polar flagellum. 
Gram-negative. 

Gelatin: Slow liquefaction. 

Agar colonies: Convex, circular, about 
3 mm. in diameter, shiny, grayish white, 
edge entire, of the consistency of bread 
dough. 

Agar slant: Growth grayish-white, 
wrinkled, echinulate. After 1 or 2 days, 
a skunk-like odor develops. 

Broth: Turbid. Sediment. White 

pellicle. 

Potato: Growth echinulate, shiny, 
brownish. 

Litmus milk: A skunk-like odor devel¬ 
ops in 1 to 2 days. Grayish blue surface 
ring in about 3 days. Alkaline in 7 to 10 
days. In two weeks complete reduction. 
Slight proteolysis and viscosity. 

Hydrogen sulfide not produced. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid but not gas produced slowly from 
glucose, fructose, maltose, and sucrose. 
No acid from arabinose, dextrin, galac¬ 
tose, glycerol, lactose, mannitol, raffinose 
or salicin. 

Aerobic, facultative. 

Optimum temperature 21®C. Growth 
slight at 5"* and 30*’C. No growth at 3r*C. 

Source: Several cultures isolated from 
butter having a skunk-like odor. 

Habitat; Probably from w*ater. 

31. Pseudomonas gentculata (Wright) 
Chester. {BaeiUus genicuhius Wright, 
Memoirs Nat. Acad. Sci., 7, 1395, 458; 
Chester, Man. Determ. Bact., 1901, 313; 
Ackromobaefer genicuUUum Beigey at al., 
Manual, 1st ed., 1923,146.) From Latin, 
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p.p. of pemcuio, knotted, 

jointed. 

Medium-oised rods, occurring singly, 
in pain and chains, motile, possessing 
polar flagella. Gram<negative. 

Gelatin colonies: Circular, whitish, 
translucent. Deep colonies yellowish. 

Gelatin stab: Infundibuliform liquefac¬ 
tion. Sediment light pink. 

Agar slant: Grayish, glistening, trans¬ 
lucent, limited, becoming brownish-gray. 

Broth: Turbid, with slight gray pellicle 
and sediment. 

Litmus milk: Alkaline; reduction of 
litmus; slight coagulation. 

Potato: Thin, brownish, moist, glis¬ 
tening, viscid. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 20^ to 25'*C. 

l^bitat: Water. 

32. Pseudomonas fragi (Eichholz) 
Muss emend. Hussong, Long and Hammer. 
{BaeUrium fragi Eichholz, Cent. f. 
Bakt., II Abt., F, 1902, 425; Hubs, Cent, 
f. Bakt., II Abt., /F, 1907, Ml; Hussong, 
Long and Hammer, Iowa Agr. Exp. Sta. 
Res. Bull. 225, 1937, 122; also see l»ng 
and Hammer, Jour. Dairy Sci., W, 1937, 
448.) From Latin/ropum, strawberry. 

Description from Hussong, Long and 
Hammer, loc. cit. 

Rods: 0.5 to 1.0 by 0.75 to 4.0 microns, 
occurring singly, in pairs and in chains. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: Grateriform to stratiform 
liquefaction in 3 to 4 days. 

Agar colonies: Convex, glistening, gen¬ 
erally butyrous, occasionally viscid. 
Rough, smooth and intermediate forms 
are recognised in the description quoted. 
The rough forms are less proteolytic, and 
less active in the hydrolysis of fats. 

Agar slant: Growth abundant, spread¬ 
ing, raised, white, shiny, generally 
butyrous. Sweet ester-like odor resem¬ 
bling that of the flower of the May apple. 

Broth: Turbidity and sediment with a 
tUn pellicle. 


Litmus milk: Acid ring followed by 
acid coagulum at surface. Complete 
coagulation in 2 to 3 weeks, some diges¬ 
tion. Characteristic May apple or straw¬ 
berry odor. 

Potato: Growth ochinulnte to arbores¬ 
cent, raiscMl, glistening, white, becoming 
brownish. 

Indole not produced. 

Nitrites not produced from nitrates. 

.\mmonia produced from peptone. 

Hydrogen sulfide not produced. 

.\cid from glucose and galactose, 
sometimes arabinose. No acid from 
glycerol, inulin, lactose, fructose, mal¬ 
tose, mannitol, ruffinose, salicin and 
sucrose. 

No acetylmethylcarbiiiol produced. 

Fat is generally hydrolyzed. 

Aerobic. 

Grows from 10“ to 30*(r. \o growth at 
37®C. V''ery sensitive to heat. 

Source: Isolated from milk and other 
dairy products, dairy utensils, water, etc. 

Habitat: Soil and water. Widely dis¬ 
tributed (Morrison and Hammer, Jour. 
Dairy Sci., 24 , 1941, 9). 

Hussong (Thesis, Iowa State C.ollcgc, 
1932) regards Bacterium fragi Eichholz 
(loc, cU.) as the R type, Pscudomonae 
fragariae 1 (Iruber (Cent. f. Bakt., II 
Abt., 9, 1902, 705) as the O form, and 
Peeudomonae fragariae 11 (iruljer (Cent, 
f. Bakt., II Abt., 14, 1905, 122) as the S 
form of the same organism. He makes no 
mention of Paeudomonas fragaroidea 
Hubs {loc. cit.) which from its description 
would belong to the siiKxith type. A 
brief characterization of each of these 
organisms follows: (1) Bacterium fragi 
came from milk as drawn from an indi¬ 
vidual cow; it does not liquefy gelatin, 
exhibits no fluorescence, is strongly alka¬ 
line in litmus milk, and does not grow 
at 37®C, (2) Paeudomonaa fragariae ! 
came from fodder beets; it docs not 
liquefy gelatin, has weak blue-greenish 
fluorescence, is weakly alkaline in milk, 
and grows at ST’C, (3) pHtudotnonaa 
fragariae II came from pasteurized milk; 
it Itquefles gelatin, coagulates milk, and 
does not grow at 37*C, (4) Paeudomonaa 
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fragaroidea came from butter; it liquefies 
gelatin, coagulates milk, and grows at 
37®C. 

*33. Pssttdomonas nebulosa (Wright) 
Chester. (Bacillus nebulosus Wright, 
Memoirs Nat. Acad. 8ri., 7, 1895, 465; 
Chester, Man. Determ. I^act., 1901, 311; 
Achromobacter nebtdosum Bergey et al., 
Manual, 1st ed., 1923, 145; not Bacillus 
nebulosus Hall4, Tlu^se de Paris, 1898; 
not Bacillus nebulosus Vincent, Ann. 
Inst. Past., it, 1907, 69; not Bacillus 
nebulosus Migula, Syst. d. Bakt., f, 
1900, 80; not Bacillus nebulosus Gores- 
line. Jour. Bact., f7, 1934, 52.) From 
Latin, nebula^ mist. 

Medium-sized rods, occurring singly. 
Motile, (x>s8essing polar flagella. Oram- 
negative. 

Gelatin colonies: Thin, circular, gray, 
translucent, hazy, with white center. 

Gelatin stab: Crateriform licjucfaction. 

.Vgar slant: Thin, transfiarcnt streak. 

Broth: Turbid, with gray sediment. 

Litmus milk: Alkaline; reduction of 
litmus. 

Potato: beamy growth. 

Indole not formed. 

Nitrites not pixxluced from nitrates. 

Sugar gelatin in deep stab: Fair growth, 
with some gas formation. 

Aerobic, facultative. 

Optimum temperature 3(P to 35'’C. 

Habitat: Water. 

Probable synonym: Pseudomoncus cen- 
trifugans Chester. (Man. Determ. 
Bact., 1901, 312; Bacillus renirifugans 
Wright, Mem. Nat. Acad. Sci., 7, 1895, 
462.) 

34. Pseudomonas coadunata (Wright) 
Chester. (Bacillus coadunalus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 460; 
Chester, Man. Determ. Bact., 1901, 310; 
Achromobacier coadunolum Bergey et al., 
.Manual, 1923,147.) 1st cd., From Latin. 
coadunalus, to unite closely. 


Medium-sized rods, with rounded 
ends, occurring singly, in pairs and in 
chains. Motile, possessing a polar flagel¬ 
lum. Gram-negative. 

Gelatin colonics: Circular, brownish, 
dense. 

Gelatin stab: Crateriform to stratiform 
liquefaction. 

Agar slant: Gray, translucent, 
spreading. 

Broth: Turbid, with gray pellicle and 
sediment. The medium has a slight 
greenish tint.* 

Litmus milk: Acid; coagulated. 

Indole is formed. 

Nitrites not produced from nitrates. 

Sugar gelatin in deep stab: Good growth 
of discreet and confluent whitish colonics. 
Marked gas production; no liquefaction. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Habitat: Water. 

35. Pseudomonas multistriata (Wright) 
Chester. (Bacillus mullislriatus Wright, 
Memoirs Nat. Acad. Sci , 7, 1895, 462; 
Chester, Man. Determ. Bact., 1901, 310; 
Achromobacier rnullistrialum Bcigey et 
al., Manual, Ist ed., 1923, 147.) From 
Latin, multus, many, much; striatus, 
grooved. 

Medium-sized rods, willi rounded ends, 
occurring singly and in pairs. Motile, 
possessing polar flagella. Gram-negative. 

Gelatin colonies: Circular, grayish- 
white, translucent. 

Gelatin stab: Crateriform liquefaction. 

Agar slant: Narrow, translucent, gray¬ 
ish streak. 

Broth: Turbid. 

Litmus milk: Slightly acid; coagulated. 

Potato: Grayish to creamy, thick, glis¬ 
tening, viscid, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 

Sugar gelatin in deep stab: Vigorous 
growth with marked gas production; also 
liquefaction. 


*Prof. K. K. Hitchner, Univ. of Maine, Orono, Maine assisted in rearranging the 
descriptions of the acid and gas producing pseudoinonads (.icrowionos), April, 11M3. 
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Aerolttc, facultative. 

Optimum temperature 20* to 25*G. 

Hkbitat: Water. 

96. Paeudomonas punctata (Zimmer- 
mann) Chester. {BaeiUua puneiatua 
Zimmermann, Bakt. unaerer Trink- und 
Nutsw&sser, Chemnits, 1, 1890, 38; 
BociUua aqiMiilis communia Kruse, in 
Fl0gge» Die Mikrooiganismen, f, 1896, 
316; BaeUrium punetaium Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., i, 1896, 
238; Chester, Man. Determ*. Bact., 1001, 
313; AehramcbacUr punetaium Bergey et 
al., Manual, 1st ed., 1923, 147.) From 
lAitin, punctus, a puncture, point; M. L. 
punctate, dotted. 

Rods: 0.7 by 1.0 to 1.6 micron, occurring 
singly, in pairs and in chains. Motile 
with a angle polar flagellum. Gram¬ 
negative. 

Gelatin colonies: Small, circular, gray, 
erose to filamentous, punctiform. 

Gelatin stab: Craterifoim liquefaction. 
No pellicle. 

Agar slant: Gray, smooth, filamentous. 

Broth: Turbid with delicate pellicle. 

Litmus milk: Acid; coagulated; pep- 
tonised. 

Potato: Brownish-yellow to brownish- 
red color. 

Indole is formed. 

Nitrites not produced from nitrates. 

Hydrogen sulfide is formed. 

Add and gas from glucose. 

Aerobic, facultative. 

Optimum temperature 25* to 30*C. 

Source: Common in the Chemnitz 
tap water. 

Habitat: Cause of a hemorrhagic septi¬ 
cemia in carp (Cyprinua) (Sch&perclaus, 
Ztschr. f. Flscherei, tS, 1930; Cent. f. 
Bakt., II Abt., 105, 1942, 40). 

37. Pseudomonas hydrophlla (Ches¬ 
ter) eomb, noa. (Baeillua hydrophilua 
JuMCUM Sanarelli, Cent. f. Bakt., 0, 1891, 
222; Baeierium hydrophilua fuaeua Ches¬ 
ter, Delaware College Agr. Expt. Sta., 
9th Ann. Kept., 1897,92; BaeiUua hydro- 


philua Chester^ Manual Determ. Bact., 
1901,235; Baeterium hydrophilum Weldin 
and Levine, Bact. Abs., 7, 1923, 14; 
Proteua hydrophilua Bergey et al.. Man¬ 
ual, 1st ed., 1923, 211; Aeromonaa hydro- 
phila Stanier, Jour. Bact., 1943, 213.) 
From Greek, hydOr, water, philua, loving; 
M. L. water-loving. 

It was reported by Russell, Jour. Amer. 
Med. Assoc., SO, 1898, 1442 and later by 
Emerson and Norris, Jour. Exper. Med., 
7,1905, 32 who made a complete study of 
its properties and its pathogenic action. 

Weldin (Iowa State College Jour. Sci., 
1, 1927, 151) considers Baeillua ranieida 
Ernst (Beitrfige z. path. Anat. u. z. 
Allgemein. Pathol., f, 1890, 204; Bac¬ 
terium ranieida Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 141) a 
possible synonym of Proteua hydrophilua. 

Rods: 0.6 by 1.3 microns, occurring 
singly and in chains. Motile, with a 
single polar flagellum (Kulp and Borden, 
Jour, of Bact., U, 1942, 673). Gram- 
negative. 

Gelatin colonies: Small, circular, gray, 
translucent, stippled. 

Gelatin stab: Napiform liquefaction. 

Agar colonies: Whitish, raised, moist, 
stippled. 

Agar slant: Thin, whitish, glassy, 
spreading, becoming yellowish. 

Broth: Turbid, with heavy pellicle. 

Litmus milk: Acid; coagulated; pep¬ 
tonized. 

Potato: Yellowish-brown, moist 

slightly raised. 

Indole is formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, maltose, 
sucrose and mannitol. No action on lac- 
to^. 

Gas ratio HtiCOi « 1:4.71. Methyl 
red negative, acetylmethylcarbinol posi¬ 
tive, indol negative, citrate positive 
(Speck and Stark, Jour. Bact., 44, 1942, 
697). 

Aerobic, facultative. 

Optimum temperature 37*C. 

Pathogenic for frogs, salamanders, fish. 
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mice, guinea pige and rabbits^ causing 
hemorrhagic septicemia. 

Distinctive characters; Much like 
Psetidotnoiuu punctata (Guthrie and 
Hitohner, Jour. Bact., is, 1943, 62). 

Source: Isolated from frogs dead of 
septicemia (red leg). 

Habitat: Water and infected fresh 
water animals. 

38. Pieudomonss ichthyosmla (Ham¬ 
mer) eom6. noe. {Baeillus iehihyocmiuc 
Hammer, Iowa Agr. Sta. Res. Bui. 38, 
1917; Eccheriehia ickthyocmia Bergey et 
al.. Manual, Ist ed., 1923, 201; Proteuc 
iehihyocmtuM Bergey et al.. Manual, 4th 
ed., 1934, 364.) From Greek, ichihyc, a 
6sh; osmi, an odor. 

Ibxls: 0.6 to 0.8 by 1.0 to 2.1 microns, 
occur singly. Motile with a single polar 
flagellum (Breed). Gram-negative. 

Gelatin stab: Liquefaction. 

Agar colonies: Small, white, becoming 
darker with age. 

Agar slant: Dirty white, viscid growth. 

Broth: Turbid with gray sediment. 

Litmus milk: Acid. Litmus reduced. 
Cultures have Ashy odor. 

Potato: Thin, glistening layer. 

Indole is formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, maltose, sucrose, glycerol, 
salicin and mannitol. Lactose, dulcitol, 
rafiinose and inulin not fermented. 

Aerobic, facultative. 

Optimum temperature 2(PC. 

Source: Isolated from can of evaporated 
milk having a fishy odor. 

Habitat: Not known. 

89. Pseudomonas ambigua (Wright) 
Cheater. (Baeillua ambiguuc Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 439; 
Chester, Man. Determ. Bact., 1901, 308; 
AchromobaeUr ambiguum Bergey et al., 
Manual, let ed., 1923,148.) From Latin, 
amhtpttuc, doubtful, uncertain. 

Small rods, with rounded ends, occur¬ 
ring aim^y, in pairs and in chains. Mo¬ 


tile, possessing a polar flagellum. Oram- 
negative. 

Gelatin colonies: Gray, translucent, 
slightly raised, irregular, radiate, with 
transparent margin. 

Gelatin stab: No liquefaction. 

Agar slant: Gray, limited, entire. 

Broth: Turbid, with gray sediment. 

Litmus milk: Acid, slowly coagulated. 

Potato: Gray to creamy, viscid, 
spreading. 

Indole is formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 3(P to 35'’C. 

Habitat: Water. 

40. Pseudomonas slnuosa (Wright) 
Chester. (Baeillua ainuoaua Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 440; 
Chester, Man. Determ. Bact., 1901, 307; 
Achromobacter ainoaum (sic) Beigey et 
al.. Manual, 1st ed., 1923, 148.) From 
Latin, ainuoaua^ full of bends, sinuous. 

Medium-sized rods, with rounded ends, 
occurring singly, in pairs and in chains. 
Motile, possessing two to four polar 
flagella. Gram-negative. 

Gelatin colonies: Thin, translucent, 
irregular, center brownish. 

Gelatin stab: Grayish-white, glisten¬ 
ing, translucent. No liquefaction. 

Agar slant: Scanty, grayish growth. 

Broth: Turbid, with gray sediment. 

Litmus milk: Unchanged. 

Potato: Grayish-white, moist, spread¬ 
ing. 

Indole is formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30* to 35*C. 

Habitat: Water. 

41. Pseudomonas cruclviao Gray and 
fhomton. (Gray and Thornton, Gent, 
f. Bakt., II Abt., 73, 1928, 91; Aebro- 
mobaetar cruemaa Beigey et al.. Manual, 
3rd ed., 1930, 218.) From Latin, crus, 
a cross, via, way, road; from Wayeross, 
a place name* 
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Hods: 1.0 by 1.0 to 3.0 microns, occur- 
ring singly and in pairs. Motile with one 
to live polar Oagella. Gram-negative. 

Gelatin colonies: Circular, white with 
bull center, convex, smooth, undulate. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular or amoeboid, 
white to buff, fiat to convex, smooth, 
entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, undulate. 

Broth: Turbid. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

No acid in carbohydrate media. 

Attack phenol and m-cresol. 

Aerobic, facultative. 

Optimum temperature 30 to 35^C. 

Habitat: Soil. 

42. Pseudomonas rugosa (Wright) 
Chester. (BacUliu rugosus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 438; 
not Bacillus rugosus Henrici, Arb. Bakt. 
Inst. Tech. Hochsch. Karlsruhe, /, 1894, 
28; not Bacillus rugosus Chester, Deter¬ 
minative Bacteriology, 1901, 220; Ches¬ 
ter, Determinative Bacteriology, 1901, 
323.) From I>atin, rugosus, wrinkled. 

Small rods, with rounded ends, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile, possessing one to four polar flagella. 
Gram-negative. 

Gelatin colonies: Grayish, translucent, 
slightly raised, irregular, sinuous, radi- 
ately erose to entire. 

Gelatin stab: Dense, grayish-green, 
limited, wrinkled, reticulate surface 
growth. No liquefaction. 

Agar slant: Grayish-white, limited, 
slightly wrinkled, translucent. 

Broth: Turbid, with grayish pellicle 
and sediment. 

Litmus milk: Acid, coagulated. 

Potato: Moist, glistening, brown. 

Indole formed. 

Nitrites not produced from nitrates. 

Aerobic. 

OpUnmm temperature 30''C. 

Habitat: Water. 


43. Pseudomonas desmoiyticum Gray 
and Thornton. (Gray and Thornton, 
Cent. f. Bakt., II Abt., 73, 1928, 90; 
Achromobacter desmoiyticum Bcrgey et 
al.. Manual, 3rd ed., 1930, 217.) From 
Greek desmos, bond, band; lytikos, able 
to dissolve. 

Rods: 0.7 to 0.8 by 2.0 to 3.0 microns, 
occurring singly and in pairs. Motile, 
with one to five polar flagella. Gram- 
native. 

Gelatin colonies: Circular, gray to 
buff, raised or umbonate. Smooth, glis¬ 
tening, entire. 

Gelatin stab: No liquefaction. 

Agar colonics: Circular or amoeboid, 
whitish, flat or convex, smooth, translu¬ 
cent to opaque, entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, undulate. 

Broth: Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose. 

Attack phenol and naphthalene. 

Aerobic, facultative. 

Optimum temperature 25^C. 

Habitat: Soil. 

44. Pseudomonas rsthonis Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 73, 1928, 90; Achromo^ 
bacter rathonis Bergey et al.. Manual, 
3rd ed., 1930, 216.) From M. L. of 
Ratho Park (Edinburgh). 

Small rods: 0.5 to 1.0 by 1.0 to 3.0 
microns. Motile, with polar flagella. 
Gram-negative. 

Gelatin colonies: Circular, white, 
raised, smooth, glistening, undulate. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, buff, flat, 
smooth, glistening, entire. 

Agar slant: Filiform, pale buff, convex, 
smooth, glistening, undulate. 

Broth: Turbid, with pellicle. 

Nitrites produced from nitrates. 

Starch hydrolysed. 

Add from glucose and glycerol. 
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Attack phenol and cresol at times, also 
naphthalene. 

Aerobic, facultative. 

Optimum temperature 26*C. 

Habitat: Manure and soil. 

45. Pseudomonas dacunhse Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 90; Ackro- 
mobacter dacunhae Bergey et al.. Manual, 
3rd ed., 1930, 217.) From M. L. from 
the Island of d’Acunha. 

Rods: 0.5 to 0.8 by 1.5 to 3.0 microns. 
Motile with one to six polar flagella. 
Gram-negative. 

Gelatin colonies: Circular, whitish, 
raised, smooth, glistening, undulate. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular to amoeboid, 
white, flat, glistening, opaque, entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, glistening, undulate. 

Broth: Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolysed. 

No acid from carbohydrate media. 

Attack phenol. 

Aerobic, facultative. 

Optimum temperature 25*’C. 

Habitat: Soil. 

46. Pseudomonas arviila Gray and 
Thornton. (Gray and Thov-qton, Cent, 
f. Bakt., II Abt., 75, 1928, |l»-\lchromo. 
bacier arvillum Bergey et sj.,-Manual, 
3rd cd., 1930, 217.) From I.atin, arvum, 
an arable field; M. L. dim. a little field. 

Hods: 0.5 to 0.7 by 2.0 to 3.0 microns. 
Motile with one to five polar flagella. 
Gram-negative. 

Gelatin colonies: Circular, whitish, 
convex, smooth, glistening, lobate. 

Gelatin stab: No liquefaction. 

Agar colonies; Circular or amoeboid, 
white to buff, flat to convex, smooth, 
glistening, opaque, entire. 

Agar slant: Filiform, whitish, concave, 
smooth, ringed, entire. 

Broth: Turbid. 

Nitrites not produced from nitrates. 


Starch not hydrolysed. 

Acid from glucose. 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature 25^C. 

HAbitat: Soil. 

47. Pseudomonas saloplum Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 91; Achromo- 
bacter $alopium Bergey et al.. Manual, 
3rd ed., 1930, 219.) From Latin, Salopt 
Shropshire. 

Rods: 0.7 to 1.0 by 1.0 to 3.0 microns, 
occurring singly and in pairs. Motile 
with one to six polar flagella. Gram¬ 
negative. 

Gelatin colonies: Circular, grayish- 
buff, flat, rugose or ringed, translucent 
border. 

Gelatin stab: No liquefaction 

Agar colonies: Circular or amoeboid, 
white to buff, flat to convex, smooth, 
glistening, translucent border, entire. 

Agar slant: Filiform, whitish, raised, 
smooth, glistening, lobate. 

Broth: Turbid with pellicle. 

Nitrites not produced from nitnites. 

Starch not hydrolyzed. 

Acid from glucose and sucrose 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Soil. 

48. Pseudomonas mlnuscula McBeth. 
(McBeth, Soil Science, /, 1916, 437; 
Cellulomonaa minmcula Bergey et al.. 
Manual, 1st ed., 1923,162.) From Latin 
dim. rather small. 

Rods: 0.5 by 0.9 micron. Motile with 
one to two polar flagella. Gram-negative. 

Gelatin stab: Moderate growth. Slight 
napiform liquefaction. 

Agar colonies: Small, circular, slightly 
convex, butyrous becoming brittle, gray¬ 
ish-white, finely granular, entire. 

Agar slant: Moderate, flat, grayish- 
white. 

Broth: Turbid. 



106 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Litmus milk: Acid, not digested. 

Potato: No apparent growth. 

Indole is formed. 

Nitrites produced from nitrates. 

Ammonia is produced. 

Acid from glucose, lactose, maltose, 
sucrose and starch. 

Aerobic, facultative. 

Optimum temperature 2(FC. 

Habitat: Soil. 

49. Pseudomonas traluclda Kellerman 
et al. (Kellerman, McBeth Scales and 
Smith, Cent. f. Bakt., II Abt., 59, 1913, 
37; CeUuhmonas iralucida Bergey et al., 
Manual Ist ed., 1923,163.) From Latin, 
clear, transparent. 

Rods: 0.6 by 1.2 microns. Motile with 
one or two polar Oagclla. Gram-negative. 

Gelatin stab: No liquefaction. 

Agar slant: Scant, grayish growth. 

Broth: Turbid. 

litmus milk: Acid. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20^0. 

Habitat: Soil. 

60. Pseudomonas mlra McBeth. (Me- 
Beth, Soil Science, I, 1916, 437; Cellu- 
Umanoi mira Bergey et al., Manual, 1st 
ed., 1923,165.) From Latin, miru9, won¬ 
derful, extraordinary. 

Rods: 0.4 by 1.6 microns. Motile with 
a single polar flagellum. Gram-negative. 

Gelatin stab: Good growth. No lique- 
factioii. 

Agar colonies; Circular, convex, gray- 
Isb^white, granular, lacerate. 

Agar slant: Moderate, flat, grayish- 
white, somewhat iridescent. 

Broth: Turbid. 

Litmus milk: Alkaline. 

Pbtato: Moderate, grayish-white. 

Indole not formed. 


Nitrites produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Habitat: Soil. 

51. Pseudomonas Undnerl Kluyver 
and Hoppenbrouwers. (Lindner, 50 Ju« 
bil&umsber. Westpreuss. Bot.-Zool. 
Vereins, 1928, 253; Termobacterium mo¬ 
bile Lindner, Atlas d. Mikrosk. Grundl. 
d. G&rungsk., 3 Aufl., 5, 1928, Taf. 68; 
Kluyver and Hoppenbrouwers, Arch. f. 
Mikrobiol., 5, 1931, 259; AcArof?io6ac(er 
mobile Kluyver and Hoppenbrouwers, 
i6td., 258; not Peeudonumae mobiiis 
Migula, Syst. d. Bakt., 5, 1900, 923.) 
Named for Lindner, the German bacteri¬ 
ologist who first studied this organism. 

Short rods 1.4 to 2.0 by 4.0 to 5.0 mi¬ 
crons. Occurring singly, in pairs and 
short chains. Motile with a single polar 
flagellum. Gram-negative. 

Peptone gelatin: Poor growth. 

Peptone agar: Poor growth. 

Wort agar: White, round, raised colo¬ 
nies, 1 mm. in diameter. Good growth. 
Still better where 2 per cent sucrose, or 
yeast extract with sucrose is added. 
Chalk added to.neutralise acid. 

Broth: Poor growth in peptone or yeast 
extract broth unless sugars are added. 

Carbon dioxide, ethyl alcohol and some 
lactic acid produced from glucose and 
fructose, but not from mannose. May 
or may not ferment sucrose. May pro¬ 
duce as much as 10 per cent alcohol. 

Catalase produced. 

Anaerobic, facultative. 

Optimum temperature 30X\ 

Distinctive character: The fermenta¬ 
tion resembles the alcoholic fermentation 
produced by yeasts. 

Source: Isolated from the fermenting 
sap (pulque) of Affave americana in 
Mexico. 

Habitat: Fermenting plant juices in 
tropical countries (Mexico). 
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52. Pseodomosii mambrtnofomiis 
(Zobeli and Allen) Zobell. (Achromo- 
haeter metnbranoformt$ 2Sobell and Allen, 
Jour. Baet., MB, 1935, 246; Zoboll, Jour. 
Bact., 4B, 1943, 45). From Latin mem- 
brana, membrane, and forma having the 
form of. 

Roda: 0.9 to 1.2 by 3.5 to 4.8 microns, 
occurring singly and in pairs. Motile 
with lophotrichous flagella. Encapsu¬ 
lated . Gram-negative. 

Gelatin stab: Growth filiform, best at 
top, with slow crateriform liquefaction. 

Agar colonies: Circular, 1.0 to 2.5 mm, 
with crinkled surface. 

Agar slant: Moderate, beaded, raised 
growth. Membranous consistency. Be¬ 
comes browned with age. 

Broth: Slight turbidity, flocculent sedi¬ 
ment, film of growth on walls of test tube. 

Milk: No growth. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No HfS produced. 

Acid but not gas from glucose, sucrose, 
dextrin and mannitol. No acid from 
lactose or xylose. 

No diastatic action. 

Optimum temperature 2ff to 25^C. 

Aerobic. 

Source: Sea water. 

Habitat: Sea water. 

58. Pseudomonas marinoglutlnosa 
(Zobell and Allen) Zobell. (Achronun 
bacter manno(^luiinoius Zobell and Allen, 
Jour. Bact., BB, 1935, 246; Zobell, Jour. 
Bact., 46, 1943, 45). From Latin 

martnus, pertaining to the sea, and 
glutinoBus, full of glue, sticky. 

Short rods: 0.7 to 1.0 by 1.8 to 2.4 mi¬ 
crons, with rounded ends, occurring 
singly, in pairs and in clumps. Motile 
with polar flagella. Staining granular. 
Encapsulated. Gram-negative. 

Gelatin stab: Moderate filiform growth 
with slight napiform liquefaction. No 
pigment. 

Agar colonies: Round with concentric 


circles and crinkled radial lines, lii to 
5.0 mm. in diameter. No pigment. 

Agar slant: Moderate, ^form, flat. 
Butjrrous consistency. 

Broth: Moderate clouding, marked 
ring, adherent film of growth on test tube 
wall, and flaky sediment. 

Milk: No growth. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Hydrogen sulfide and ammonia pro¬ 
duced from Bacto-tryptone. 

Acid but not gas from xylose and dex¬ 
trin. No acid from glucose, lactose, 
sucrose and mannitol. 

Starch is hydrolyzed. 

Optimum temperature 20^ to 25^0. 

Aerobic, facultative. 

Source: Sea water. 

Habitat: Sea water. 

54. Pseudomonas gelatica (Gran) 
Bergey et al. (Bacillua gelalicuM Gran, 
Bergens Museums Aarbog., 1902, 14; 
Bacterium gelatieum Lundestad, Cent, 
f. Bakt.,11 Abt., 75, 1928, 328; Bergey 
et al., Manual, 3rd ed., 1930,175.) From 
French, like gelatin. 

Rods, with rounded ends, 0.6 to 1.2 by 
1.2 to 2.6 microns, occurring singly, in 
pairs, and sometimes in short chains. 
Motile. Gram-negative. 

Fish-gelatin oobnies: Circular, trans¬ 
parent, glistening, becoming broarnish in 
color. 

Fish-gelatin stab: Liquefaction infun- 
dibuliform, with greenish color. 

Sea-weed agar colonies: Circular, flat, 
entire, glistening, reddish-brown center 
with grayish-white periphery. Lique¬ 
fied. 

Fish-agar slant: Flat, transparent 
streak, with undulate margin, reddish- 
brow^n. 

Broth: Turbid with flocculent pellicle, 
and greenish-yellow sediment. 

Indole not formed. 

Nitrites are produced from nitrates. 

Starch hydrolysed. 
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No aotion on sugars. 

Anaerobic, facultative. 

Optimum temperature 20 to 25^C. 

Habitat: Sea water of Norwegian coast. 

55. Pseudomonas calcis (Drew) 
Kellerman and Smith. (Bacterium cal¬ 
cic Drew, Yearbook Carnegie Inst. 
Wash., /i, 1912, 136-144; Kellerman and 
Smith, Proc. Nat. Acad. Sci., 4, 1914, 
400.) From Latin calx (calc-), lime. 

Ovoid rods, 1.1 by 1.5 to 3 microns, 
usually single but may form long chains. 
Actively motile with one polar flagellum. 
Gram-negative. 

Grows best in sea water or 3 per cent 
salt media. Deposits CaCOs. 

Agar colonies: Circular, with finely 
irregular outline, granular appearance, 
elevated, spreading; old colonies having 
brownish tinge in center. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Gelatin colonies: Small, with lique¬ 
faction. 

Broth: Good growth especially in pres¬ 
ence of potassium nitrate, peptone or 
calcium malate. 

Acid from.gluco8e, mannite and sucrose 
but not from lactose. 

Nitrates reduced to nitrites and am¬ 
monia. 

Aerobic, facultative. 

Optimum temperature 20 to 28®C.’ 

Habitat: Sea water and marine mud. 

Bavendamm (Arch. f. Mikrobiol., 5, 
1932, 214) states that Pseudomonas calcis 
is probably synonymous with Bacterium 
brandii, Bacterium bauri and Bacterium 
feiteli described by Parlandt (Bull. 
Jard. imp. Bot. St. Petersburg, It, 1911, 
97-105). 

56. Pseudomonas calciprecipitans Mo- 
lisch. (Cent. f. Bakt., II Abt., 65, 1925, 
130.) From Latin, calx (cole-), lime; 
jrraecipilo, to cast down headlong, to 
precipitate. 

Thin rods: 0.5 to 0.8 by 1.5 to S.6 mi- 
erons, with rounded ends, often staining 


irregularly. Motile, with one polar flagel¬ 
lum. Gram-negative. 

Gelatin colonies: Circular, light brown 
in color (large colonies show ("aCOt 
crystals). 

Gelatin stab: Surface growth with fili¬ 
form growth in depth. Liquefaction 
starts at bottom. 

Agar colonies (sea water). Grayish- 
w’hite, glistening. In two to three weeks 
crystals of calcium carbonate form in the 
agar. 

Agar slant: Slight, whitish, surface 
growth, becoming thick, spreading, glis¬ 
tening, with abundant CaCOa crystals in 
medium. 

Ammonia formed. 

Aerobic, facultative. 

Optimum temperature 20*’C. 

Habitat: Sea water. 

57. Pseudomonas ichthyodermis (Wells 
Zobell) Zobell and Upham. (Achromo- 
bacter ichthyodermis Wells and Zobell, 
Proc. Nat. Acad. Sci., 60, 123, 1934; 
Zobell and Upham, Bull. Scripps Inst. 
Oceano*graphy, 5, 1944, 246 and 253.) 
From Greek, ichthys, a fish; derma, skin. 

Small rods, 0.9 to 1.3 by 3 to 5 microns, 
occurring singly and in pairs. No spores. 
Encapsulated. Polar flagella. Pleomor¬ 
phic forms predominate in old cultures. 
Gram-negative. 

Requires sea water following initial 
isolation. The following differential me¬ 
dia are prepared with sea water. 

Agar colonies: Glistening, colorless, 
convex, circular colonies 2 to 4 mm. in 
diameter. 

Agar slants: Abundant, filiform, raised, 
smooth, opalescent growth. 

Gelatin tube; Rapid crateriform lique¬ 
faction complete in 5 days at IS^’C. 

Sea water broth: Turbidity, with pelli¬ 
cle, little granular sediment and no odor. 

B^lk: No growth. Casein digested 
when 3 per cent salt is added. 

Potato; No growth unless dialysed in 
sea water. Then fair growth with nc 
lugmeut- 
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Acid from glucono, inalUme, sucrose 
and mannitol hut not frrmi lactose or 
glycerol. 

Starch hydrolyzed. 

Ammonia liberated from peptone but 
no hydrogen sulfide produced. 

Indole formed in tryptophane sea water 
broth. 

Nitrites produced from nitrates. 

Optimum tem|>erature 20 to 26®(^; 
incubation will kill recently isolat^^d 
organisms. 

Aerobic, facultative. 

Source: Iwlated from diseased kilitish 
{FvndiduH parvipinnis), 

Habitat: Skin lesions and muscle tissue 
of infected marine fish. 

5H. Pseudomonas nigrifaciens White. 
(Scientific Agriculture, ^0, 1940, 643.) 
From Latin nigrr, black and factenn, 
making. 

Hods* 0.3 to 0.7 by 1 to 5 microns, oc¬ 
curring singly or in pairs, and having 
rounded ends. .Actively motile, with a 
single (lolar flagellum, (tram-negative. 

Gelatin stab: Pigmented surface growth 
after 24 hours Slight crateriform lique¬ 
faction changing to saccate. 

.Agar colonies: Ciroular, convex, 
smooth, glistening, entire, 2 to I mm in 
diameter. Slight fluorescence in early 
stages. The medium assumes a brownish 
color. 

Agar slant: Cirowth filiform, smooth, 
moist,glistening, with blackish pigmenta¬ 
tion at 4® and 15V, in 48 hrs., the medium 
turning brownish. Slight fluorescence in 
ejirly stages 

Hroth* 'J'urbid after 21 hours. .After 
5 to 6 days a black ring and then a pellicle 
forms, later a black sediment. Medium 
turns brown. 

Litmus milk; A black ring appears 
after 3 days at 15*^(L followed by a pellicle. 
Litmus is reduced. Alkaline reaction. 
No coagulation. Digested with a putrid 

Indole not formed. 


Nitrites not produced from nitrates in 
7 days. No gas produced. 

iStarcIi is hydrolyzed. Natural fats 
not hydrolyzed. 

Alkaline reaction produced in sucrose, 
maltose, lactosei* glucose, mannitol and 
raffinose broth (pH 8.2). No gas pro* 
duced. 

Ammonia produced in peptone broth. 

Aerobic. 

Optimum pH 6.8 to 8.4. 

Temperature relations; Minimum 4®C. 
Optimum 25®(J. Maximum 33-36®C. 

Distinctive characters: No or slow 
growth in culture media in the absence of 
salt. Maximum growth and pigmenta¬ 
tion appeared with 1.5 and 2.5 per cent 
salt. Optimum pigmentation occurs at 
4® and 15®C. 

Source • Several cultures isolated from 
samples of discolored butter. 

Habitat; Causes a black to reddish- 
brown discoloration of print butter. 
Evidently widely distributed in nature. 

59. Pseudomonas beljerlnckii Hof. 

(Travaux botaniques n^erlandais, 

1935,152.) Named for M. W. Beijerinek, 
Dutch bacteriologist. 

Small roiis: Motile with polar flagella. 

Gelatin: No liquefaction. 

Indole not formed. 

Nitrites produced from nitrates by 
four out of six strains. 

Cellulose not decomposed. 

Acid from glucose. In yeast-w*ater 
with 2 per cent glucose and 12 per cent 
NaCl no gas is produced- 

Pigment production: Insoluble purple 
pigment produced but not in all media; 
is localized markedly; reduced oxygen 
tension necessary ; optimum pH 8.0; not 
produced in yeast-water or in peptone- 
water; produced only when grown in 
extracts of beans or some other vegetable. 

Aerobic. 

Source: Six strains isolated from beans 
preserved aith salt. 

Habitat: Causes purple discoloration 
of salted beans. 
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60. Pseudomoiias salinaria Harrison 
and Kennedy. (Harrison and Kennedy, 
Trans. Royal Soe. of Canada, Id, 1922, 
121; iSerrolta salinaria Bergey et al., 
Manual, Ist ed., 1923,93; FlavobaeUrium 
(Halobaeierium) saiinarium Elasari>Vol- 
eani, Studies on the Microflora of the 
Dead Sea, Thesis, Hebrew Univ., Jeru* 
Salem, 1940, 50.) From Latin, salinae, 
saltworks. 

Probable synonym: Serraiia sambhari- 
omit Dixit and Vachna, Current Sci., 11, 
1942, 107 (see Biol. Abs., 17, 1943, 793). 
Halophilic growing in 30 per cent salt. 
Frmn salt lake in India. 

Occurs as spheres and rods, 2.0 to 3.0 
microns in diameter, 1.0 to 1.6 by 3.0 
to 15.0 microns, occurring singly, as 
ovoid, amoeboid, clavate, cuneate, trun¬ 
cate, spindle, club, pear-shape, and 
irregular forms. Motile, frequently with 
a Oagellum at each pole. Gram-negative. 

Does not grow on ordinary culture 
media. Grows well on salted fish. 

Codfish agar (16 to 30 per cent salt): 
Growth slow, smooth, raised, coarsely 
granular, entire, pale pink to scarlet 
(Ridgway diart). 

No acid from carbohydrate media. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, fac\dtative. 

Optimum temperature 42”C. 

Source: Isolated from cured codfish 
(Harrison and Kennedy, loe. eit.). Iso¬ 
lated from salted fish by Browne (Absts. 
Bact., d, 1922, 25'and Proc. Soc. Exper. 
Biol, and Med., 19, 1922, 321) who re¬ 
garded this pleomorphic bacterium as 
two organisms—idptrockos/g halophUica 
and Bacterium halophilka. 

Habitat: Produces reddening of dried 
codfish and causes rusty herring. In 
sea salt, and salt ponds containing not 
leas tiian 16 per cent salt. 

61. Paendemonas cutinibra Lochhead. 
(fierraiia euiiruhra Lochhead, Can. Jour. 


of Research, 10, 1934, 275; Bacterium 
culiruhrum Lochhead, Jour. Bact., 97, 
1934, 62; ibid., 45, 1943, 575; Flavobae- 
terium {Halobaeierium cutirubrum Elas- 
ari-Volcani, loc, cit., 59.) From Latin, 
cutis, skin, hide; ruber, red. 

Occurs as rods and spheres. Spheres 
1 to 1.5 microns in diameter. Rods 1.5 
to 8.0 by 0.7-1.4 microns. Rod forms 
motile with single polar flagellum. Coc- 
coid forms motile when young. Gram¬ 
negative. 

No growth on ordinary media. 

Milk agar (20 per cent salt to satura¬ 
tion; optimum 28r>32 per cent): Colonies 
3-4 mm. in diameter, round and slightly 
convex. Pink to rose dor4e (Ridgway 
chart). 

Milk agar slants: Growth filiform, 
slightly spreading, rather flat with 
smooth, glistening surface and mem¬ 
branous consistency. Proteolytic action. 

Liquid media: No or slight growth. 

Gelatin (salt): Pronounced liquefaction. 

Indole not formed, Lochhead (foe. ciL), 
Faint test, Gibbons (Jour. Biol. Board 
Canada, S, 1936,75). 

Nitrites not produced from nitrates. 

Diastatic action negative. 

No carbohydrate fermentation. 

Aerobic, obligate. 

Optimum temperature 37^C. 

Halophilic. 

Source: Isolated from salted hides. 

Habitat: Sea water and sea salt. 

62. Pseudomonas harveyl Johnson 
comb. nao. (Achromobacter harveyi John¬ 
son and Shunk, Jour. Bact., SI, 1936, 
587.) Named for E. N. Harvey, who 
studied luminous bacteria. 

Rods: 0.5 to 1.0 by 1.2 to 2.5 microns, 
occurring singly or in pairs, with rounded 
ends. Occasionally slightly curved; ends 
occasionally slightly pointed. Non-spore- 
fonning. Capsules absent. Motile with 
a single polar flagellum, 2 to 3 times the 
length of the cell. Gram-negative. 
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Sea water gelatin colonies: After 24 
hours at 20*0, circular, about 1.5 mm. in 
diameter or larger, margin slightly undu¬ 
late, sunken due to the beginning of 
liquefaction, interior somewhat zonate; 
colonies surrounded by a halo of numerous 
small secondary colonies, circular and 
finely granular. In crowded plates a 
large number of gas bubbles arc formed. 
Luminescent. 

Sea water gelatin stab: Rapid saccate 
liquefaction complete in 5 days at 22*0. 
Abundant flocculent sediment. 

Sea water agar colonies: Mostly very 
large, 6 to 8 cm. in diameter in 24 hours, 
fiat, highly iridescent, circular with 
undulate margin, or composed of narrow 
and close or wide filamentous growth. 
Occasionally small colonies appear that 
are circular, with entire or slightly undu¬ 
late margin, often producing irregular 
secondary growth, surface alw*ay8 smooth. 
Luminescent. 

Sea water agar slant: Growth abundant, 
spreading, grayishly viscous, homogene¬ 
ous, iridescent, the medium becoming 
rapidly alkaline when inoculated at an 
initial pH of 7.0. With fish decoctions 
added to the medium, luminescence is 
much brighter and growth becomes 
brownish after several days. 

Growth on autoclaved fish: Abundant, 
smooth, glistening, yellowish, becoming 
dirty brown after several days. Mild 
putrefactive odor. Luminescence very 
brilliant. 

Sea water containing 0.2 per cent 
peptone: Abundant uniform turbidity, 
thin pellicle, sediment accumulating over 
a period of several days. Luminescence 
at surface only unless the tube is shakeu. 

Milk, with or without the addition of 
2.8 per cent salt; No growth. 

Potato plugs resting on cotton saturated 
with sea water: Growth slight, somewhat 
spreading, slightly brownish. Luminous. 

Indole is formed (Gore's method). 

Nitrites are produced from nitrates. 

Ammonia is produced in peptone media 
(Hansen method). 


Fixed acid from glucose, fructose, 
mannose, galactose, sucrose, maltose, 
mannitol, dextrin, glycogen, trehalose, 
cellobiose; slowly from saUcin. Non- 
fixed acid from melezitose; slight acid 
from sorbitol, disappearing in 24 hours. 
No acid from glycerol, xylose, arabinose, 
dulcitol, inositol, adonitol, erythritol, 
arabitol, lactose, raffinose, rhamnose, 
fucose or alpha methyl glucoside. 

Starch agar: Wide zone of hydrolysis. 

Hydrogen sulfide is product (Zobell 
and Fantham method). 

Temperature relations: Optimum 35* 
to 39*0. Abundant growth at 22* to 
25*0. Optimum luminescence at 20* to 
40*0. 

Not pathogenic for white rats or amphi- 
pods. 

Aerobic, facultative anaerobe. 

Source: Isolated from a dead amphipod 
(Talorchestia sp,) at Woods Hole, Massa¬ 
chusetts. 

Habitat: Sea water. 

63. Pseudomonas phospboresceu 

(Fischer) Bergcy et al. (Bacilltis pkos^ 
phorescens Fischer, 2^itschr. f. Hyg., f, 
1887, 58; Photobacterium indicum Bei- 
jerinck. Arch. Nderl. d. Sci. Exactes, F5, 
1889, 401; Bacterium pkosphorescena 
Lehmann, Cent. f. Bakt., 5, 1889, 785; 
not Bacterium phosphorescens Fischer, 
Oent. f. Bakt., 5,1888,107; Bergey etal.. 
Manual. 3rd ed., 1930,177.) From Greek 
phosphored, to bear or bring light. 

See page 699 for additional synonyms. 

Description taken from Fischer (foe. 
cit.). 

Small, thick rods: 2 to 3 times as long 
as wide, with rounded ends. Motile. 
Stain lightly with aniline dyes. 

Gelatin colonies: After 36 hours, small, 
circular, gray-w^hite, punctiform. 
Liquefaction. Bluish to green phos¬ 
phorescence in 4 to 5 days. 

Blood serum: Gray-white, slimy 
growth. 

Potato: Thin white layer In 2 to 3 
days. 
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Cooked fish: Abundant growth. En< 
tire surface covered with a gray-white» 
slimy growth. Bluish-white phos¬ 
phorescence. 

Alkaline broth: Slight turbidity in 24 
hours. Pellicle in 3 days. 

Acid broth: No turbidity. No phos¬ 
phorescence. 

Milk: No growth. 

No gas formed. 

Not pathogenic for laboratory 

animals. 

Aerobic. 

Optimum temperature 20** to 30''C. 
Source: From sea water of the West 
Indies. 

Habitat: Sea water. 

64. Psendomonas pierantonU (Zirpolo) 
Beifey et al. {Micrococcus pierantonii 
Zirpob, Boll. del. Societa dei Natural, 
in Napoli, SI, 1918, 75; Cocco-bacillus 
purofUanii Meissner, Cent. f. Bakt., II 
Abt., 67,1926,204; Beigey et al., Manual, 
3rd 1930, 176.) Named for Pieraii- 
toni, an Italian. 

rods: 0.8 by 1.0 to 2.0 microns. 
Polymorphic rods, sometimes vacuolated. 
Motile. Gram-negative. 

Gelatin colonies: Circular, luminous. 
Gelatin stab: Not liquefied. 

Sepia agiar colonies: Circular, white, 
convex, smooth, serrate edge. Intense 
greenish luminescence. 

£|gg-glyeerol agar slant: Yellowish- 
green, luminous streak. 

Broth: Turbid. 

Indole not formed. 

Acid from glucose and maltose, some 
strains also produce acid from lactose and 
sucrose. 

Best growth In alkaline media. 

Aerobic. 

Optimum temperature SS^'C. 

Source: Isolat^ from the photogenic 
organ of the cephalopod Ronddet ia minor. 


*65. Pseudomonas martyniae (Elliott) 
Stapp. (Bacterium nuirtyniae Elliott, 
Jour. Agr. Res., 69, 1924 , 490; Stapp, in 
Sorauer, Handbuch der Pfianzcnkr., 6, 
5 Auf., 1928, 278; Phytomonas martyniae 
Bergey et al., Manual, 3rd ed., 1930, 262.) 
From M. L. Martynia, a generic name. 

Hods: 0.59 to 1.68 microns. Capsules. 
Chains. Motile with one to several 
bipolar flagella. Grain-negative. 

Green fluorescent pigment produced. 

Gelatin: Liquefied. 

Beef agar colonics: White, round, 
Smooth, glistening, raised. 

Broth: Clouding in bands. Thin pelli¬ 
cle. Small crystals. 

Milk: Soft acid curd with peptoniza¬ 
tion. 

Nitrites produced from nitrates after 2 
weeks. 

Indole not produced. 

Hydrogen sulfide production slight. 

.\eid but not gas from glucose, galac¬ 
tose, arabinose and sucrose. No acid 
from rhamnose, lactose, maltose, raffinose, 
mannitol and glycerol. 

Starch hydrolysis none or feeble. 

Optimum temperature 26*C. Maxi¬ 
mum 37*C. Minimum 1.5®C. 

Optimum pH 6.0 to 6.7. pH range 5.4 
to 8.9. 

Aerobic. 

Source: Isolated from diseased leaves 
of the unicorn plant from Kansas. 

Habitat: Pathogenic on Martynia 
louisiana. 

66. Pseudomonas striafaciens (Elli¬ 
ott) Burkholder. (Bacterium stria- 
faciens Elliott, Jour. Agr. Res., 35, 1927, 
823; Phytomonas striafaciens Bergey 
et al.. Manual, 3rd ed., 1930, 268; Burk¬ 
holder, Phytopath., 36, 1942, 601.) 

From L. s/rta, stripe; faciens^ making, 


^Tbc section covering the pseudomonads that cause plant diseases has been re¬ 
vised by Pfof. Walter H. Burkholder, Cornell Univ., Ithaca, New York, April, 1948. 
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referring to the type of lesion caused 
on the blades of oats. 

Rods: 0.66 by 176 microns. Motile 
with one to several flagella. Capsules. 
Gram-negative. 

Green fluorescent pigment produced. 

Gelatin: Liquefied. 

Beef-peptone agar colonies: White, 
raised, margins entire or slightly undu¬ 
lating. 

Broth: Clouding in layers. Ring and 
slight pellicle. 

Milk: Alkaline, sometimes a soft curd 
which digests or clears. 

Slight production of nitrites from 
nitrates. 

Indole not produced. 

Acid but not gas from glucose, fructose 
and sucrose. No acid from lactose, mal¬ 
tose, glycerol and mannitol. 

Starch: Hydrolysis slight. 

Optimum temperature 22°C. 

Optimum pH 6.5 to 7.0. 

Aerobic. 

Distinctive characters: Differs from 
Pseudomorms coronafaciens in that the 
cells are somewhat smaller and the patho¬ 
gen produces a streak on oat blades 
instead of a halo spot. 

Source: Forty cultures isolated from 
oats gathered in various parts of America. 

Habitat: Pathogenic on cultivated oats, 
and to a slight degree, on barley. 

67. Pseudomonas tomato (Okabe) 
comb. Tiov. (Bacterium tomato Okabe, 
Jour. Soc. Trop. Agr. Formosa, 5,1933,32; 
Phytomonas tomato Magrou, in Hauduroy 
et al., Diet. d. Bact. Path., Paris, 1937, 
422.) Named for the host plant, tomato. 

Proliable synonym: Bacterium punc- 
tulana Bryan, Phytopath., -?5, 1933, 897. 

Rods: 0.69 to 0.97 by 1.8 to 6.8 microns. 
Motile with 1 to 3 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Slow liquefaction. 

Beef-extract agar colonies: White, 
circular, flat and glistening. 

Broth: Turbid in 24 hours. Pellicle. 


Milk: Becomes alkaline and clears. 

Nitrites are usually produced from 
nitrates. 

Indole not produced. 

No HjS produced. 

Acid but not gas from glucose, sucrose 
and lactose. No acid from maltose and 
glycerol. 

Starch hydrolysis feeble. 

Slight growth in 3 per cent salt. 

Optimum temperature 20® to 25®C. 
Maximum 33®C. 

Aerobic. 

Source: Isolated from diseased tomato 
leaves. 

Habitat: Pathogenic on tomato, Lyco- 
peraicon esculentum. 

68. Pseudomonas acerls (Ark) Burk¬ 
holder. (Phytomonas aceris Ark, Phyto¬ 
path., CP, 1939, 969; Burkholder, Phyto¬ 
path., 5C, 1942, 601.) From Latin ocer, 
maple; M.L. Acer, generic name. 

Rods: 0.3 to 0.8 by 0.8 to 2.5 microns. 
Motile with 1 to 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced. 

Gelatin: Liquified. 

Beef extract-peptone agar: O>lonie8 are 
grayish-white. Appearing in 24 hours. 

Broth: Turbid. 

Milk: Clearing wdth no coagulation. 

Nitrites not produced from nitrates. 

Indole not produced. 

Hydrogen sulfide not produced. 

Acid from glucose, fructose, galac¬ 
tose, arabinose, xylose, sucrose, maltose, 
lactose, raflinose, mannitol, glycerol and 
dulcitol. 

Slight growth in broth plus 6 per cent 
salt (Burkholder). 

Temperature: 13® to 31®C. 

Source: From diseased leaves of the 
large leaf maple, Acer maerophUlum. 

Habitat: Causes a disease of Acer spp. 

69. Pseudomonas anguiata (Fromme 
and Murray) Holland. (Bocfmum on- 
guUUum Fromme and Murray, Jour. Agr. 
Res., /d, 1919, 219; Holland, Jour. Beet., 
d, 19X1,224; P^yfomonos angulaia Beifsy 
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et al.. Manual, 3rd ed., 1930,207.) From 
L. angulatus, referring to the type of 
lesion produced on the tobacco leaf. 

Description taken from Clara (Cornell 
Agr. Exp. Sta. Mem. 159, 1934, 24). 

Rods: 0.75 to 1.5 by 1.5 to 3.0 microns. 
Motile by 1 to 6 polar flagella. Gram- 
negative. 

Gelatin: Liquefaction. 

Green fluorescent pigment produced. 

Beef-extract agar colonies: Dull white, 
circular, raised, smooth and glistening. 

Broth: Turbid in 36 hours and 
greenish. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not produced. 

No H]S produced. 

Lipolytic action negative (Starr and 
Burkholder, Phytopath., 5f, 1942, 601). 

Acid but not gas from glpc^ - galac¬ 
tose, fructose, mannose, araJ^nose, zy- 
^TO,sucro8e and mannitol. Alkaline reac¬ 
tion from salts of citric, malic, succinic and 
tartaric acid. Rhamnose, maltose, lac¬ 
tose, rafhnose,glycerol, salicin, and acetic, 
lactic and formic acids are not fermented. 

Starch not hydrolyzed. 

Slight growth in broth plus 5 to 6 per 
cent salt (Burkholder). 

Facultative anaerobe. 

Distinctive characters: Braun (Phyto¬ 
path., f7,1937,283) considers this species 
to be identical in culture with P$€udo- 
numan tabaci, but they differ in the type 
of disease they produce. 

Sources: Iwlated by Fromme and 
Murray from small angular leaf spots on 
tobacco. 

Habitat: Causes the angular leaf spot 
of tobacco {Nicotiana iabacum), 

70. Pseudomonas aptata (Brown and 
Jamieson) Stevens. {BaeUrium aptaium 
Brown and Jamieson, Jour. Agr. Res., /, 
1913, 206; Phytonumas aplata Bergey et 
al., Manual, 1st ed., 1923, 184; Stevens, 
Plimt Disease Fungi, New York, 1925, 
22.) From Latin aptaiUM adapted. 

Bods: 0.6 to 1.2 microns, ^tile with 
bipolar Sagella. Gram-negative. 


Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar slants: Moderate growth along 
streak, filiform, whitish, glistening. 

Broth: Turbid: A pellicle formed. 

Milk: Becomes alkaline and clears. 

Nitrites not produced from nitrates. 

Indole not produced in 10 days. Slight 
amount found later. 

No HjS produced. 

Acid from glucose, galactose and 
sucrose. No acid from lactose, maltose 
and mannitol (Paine and Banfoot, Ann. 
Appl. Biol., fi, 1924, 312). 

Starch not hydrolyzed. 

Slight growth in broth plus 7 per cent 
salt (Burkholder). 

Optimum temperature 27* to 28*C. 
Maximum 34** to 35*^0. • Minimum below 
1®C. 

Aerobic. 

Source: Isolated from diseased nas¬ 
turtium leaves from Virginia and diseased 
beet leaves from Utah. 

Habitat: Pathogenic on sugar beets, 
nasturtiums, and lettuce. 

71. Pseudomonas primulae (Ark and 
Gardner) Starr and Burkholder. (Phy» 
(omonas primulae Ark and Gardner, 
Phytopath., 26, 1936, 1053; Starr and 
Burkholder, Phytopath., 53, 1942, 601.) 
From L. primulus, first; M.L. Primula, 
a generic name. 

Rods: 0.51 to 0.73 by 1.0 to 3.16 
microns. Motile with a polar flagellum. 
Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar colonies: Round, convex, smooth, 
glistening, yellowish. 

Milk: Coagulated. 

Nitrites not produced from nitrates. 

Indole not produced. No H|S produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 55,1942,601). 

Add but not gaa from glueoee, laetoee, 
•uerose, maltoae, galactose, arabinoee. 
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glycerol, dulcitol and mannitol. Starch 
not hydrolysed. 

Growth in broth plus 6 per cent salt. 

Optimum temperature 19® to 22*C. 
Maximum 34^0. Minimum lO^C. 

Optimum pH 6.8 to 7.0. Minimum 
4.5 to 5.0. 

Facultative anaerobe. 

Source: Isolated from leaf-spot of 
Primula polyantha. 

Habitat: Pathogenic on Primula spp. 

72. Pseudomonas viridilivida (Brown) 
Holland. (Bacterium viridilividum 
Brown, Jour. Agr. Res., 4, 1915, 475; 
Holland, Jour. Bact., 5, 1920, 225; Phyto- 
monos viridilivida Bergey et al., Manual, 
1st ed., 1923, 187.) From Latin, nridts, 
green; lividus, blue. 

Rods: 1.0 to 1.25 by 1 25 to 3.0 microns. 
Motile with 1 to 3 polar flagella. Oram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Slow liquefaction. 

Beef agar colonies: ("ream white, 
round, smooth, translucent, edges entire. 

Broth: Turbid, becomes lime green. 

Milk: Alkaline and clears. 

Nitrites not produced from nitrates. 

Indole is produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., St, 1942, 601). 

Acid from glucose and sucrose (Burk¬ 
holder). 

Grows well in 4.5 per cent salt. Grows 
in 7 per cent salt (Burkholder). 

Maximum temperature 34.5^0. Mini¬ 
mum 1.5'*C. 

Aerobic. 

Source: Isolated from diseased lettuce 
from Louisiana. 

Habitat: Pathogenic on lettuce, Lae- 
tuca saliva. 

73. Pseudomonas dolphinil (Smith) 
Stapp. (Bacillus delphini Smith, 
Science, 19, 1904, 417; Bacterium del- 
phinii Bryan, Jour. Agr. Res., tS, 1924^ 
261; Stapp, in Sorauer, Handbueh der 
PSanionkrankliolioni f, 6 Auf.« 1926.106; 


Phytomonas delphinii Bergey et al., 
Manual, 3rd ed., 1930, 261.) From 
Latin, delphin, a dolphin; M.L. Del¬ 
phinium, a generic name. 

Rods: 0.6 to 0.8 by 1.5 to 2.0 microns. 
Chains present. Motile with 1 to 6 polar 
flagella. Capsules. Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquifled. 

Beef agar slants: Growth thin, smooth, 
shining, transparent, margins entire, 
crystals. . Agar becomes dark brown. 

Broth: Turbid in 24 hours with delicate 
pellicle. 

Milk: Becomes alkaline and clears. 

Nitrites not produced from nitrates. 

Indole not produced. 

No H*S produced. 

Lipolytic action negative (Starr and 
Burkholder, Phytopath., St^ 1942, 601). 

Acid -from glucose, ^lactose and 
fructose; slightly acid from sucrose. No 
acid from lactose, maltose, glycerol and 
mannitol. 

Starch: Hydrolysis feeble. 

Weak growth in broth plus 4 per cent 
salt. 

Optimum pH 6.7 to 7.1. pH range 5.6 
to 8.6. 

Optimum temperature 25’’C. Maxi¬ 
mum 30®C. Minimum 1*C. or less. 

Source: Isolated from black spot of 
delphinium. 

Habitat: Pathogenic on delphinium 
causing a black spot in the leaves. 

74. Pseudomonas berberidis (Thorn- 
berry and Anderson) Stapp. (Phyla- 
monos berberidis Thornberry and Ander¬ 
son, Jour. Agr. Res., 4S, 1931, 36; Stapp, 
Bot. Rev., i, 1935, 407; Bacterium ber¬ 
beridis BurgwiU, Phytopathogenic Bac¬ 
teria, Leningrad, 1935,1^.) From M.L. 
Berberis, barberry, generic name. 

Rods: 0.5 to 1.0 by 1.5 to 2.5 microns, 
occurring singly or in pairs. Motile with 
2 to 4 polar flagella. Chpsules present. 

Gram-negative (Burkholder); not 
Gram-positive as stated in original de- 
ioription. 
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Green fluorescent pigment produced in 
culture (Burkholder). 

Gelatin: Not liquefied. 

Glucose agar slants: Growth moder¬ 
ate, filiform at first, later beaded, raised, 
smooth, white. Butyrous in consistency. 

Milk: Becomes alkaline. No other 
change. 

Nitrites not produced from nitrates. 

Indole not produced. 

No HiS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., Sg, 1942, 601). 

Acid from glucose, galactose, and 
sucrose. Maltose and rhamnose not 
utilised (Burkholder). 

No gas from carbohydrates. 

Starch not hydrolyzed. 

Optimum temperature Maxi¬ 

mum fiO^C. Minimum T'C. 

Aerobic. 

Sources: Repeated isolations from 
leaves and twigs of barberry. 

Habitat: Pathogenic on barberry, Ber- 
heru thunbergerii and B. pulgaris. 

75. Pseudomonas coronafaciens (Elli¬ 
ott) Stapp. (Bacterium coronafaciens 
Elliott, Jour. Agr. Res., 19^ 1920, 153; 
Phytomonas coronafaciens Bergey et al., 
Manual, 1st ed., 1923, 180; Stapp, in 
Sorauer, Handbuch der Pflanzenkrank- 
heiten, 5 Auf., 1928, 20.) From L. 
corona, halo;faeiens, producing, referring 
to the lemons on oat blades. 

Probable synonyms: Elliott (Bact. 
Plant Pathogens, 1930, 122) lists as 
synonyms, Bacillus avenae (Russell, 
Johns Hopkins Univ. Thesis, 1892) and 
BaeiUus avenae Manns and Pseudomonas 
avenae Manns (Ohio Agr. Exp. Sta. Bui. 
210, 1909, 133; Phytomonas avenae Ber¬ 
gey et al.. Manual, 3rd ed., 1930,263). 

Rods: 0.65 by 2.3 microns, occurring 
in chains. Motile with • polar flagella. 
Gapsules. Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Slow liquefaction. 

Nutrient agar colonies: White, becom-. 


ing irregularly circular, flat with raised 
margins. 

Broth: Slight turbidity in 24 hours. 
Heavy pellicle formed. 

Milk: Alkaline. A soft curd formed 
followed by clearing. Curd sometimes 
absent. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HfS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 1942, 601). 

Acid but no gas from glucose and su¬ 
crose. Starch hydrolysis slight. 

Slight growth in broth plus 2 per cent 
salt. 

Optimum temperature 24® to 25®C. 
Maximum 31®C. Minimum 1®C. 

Source: Numerous isolations from 
blighted blades of oats. 

Habitat: Causes a halo spot on oats 
(Avena saliva). Artificial inoculations 
show barley (Hordeum vulgare), rye 
(Secale cereale) and wheat (Triticum 
aestivum) to be susceptible. 

75a. Pseudomonas coronafaciens var. 
atropurpurea (Reddy and Godkin) Stapp. 
(Bacterium coronafaciens var. atropur- 
pureum Reddy and Godkin, Phytopatb., 
IS, 1923,81; Stapp, in Sorauer, Handbuch 
der Pflanzenkrankheiten, g, 5 Auf., 1928, 
39; Phytomonas coronafaciens var. atro¬ 
purpurea Magrou, in Hauduroy et al., 
Diet. d. Bact. Path., Paris, 1937, 371.) 
From L. ater, black, dark; purpureus, 
purple, referring to the color of the lesion 
on brome grass. 

Distinctive characters: This variety 
differs from Pseudomonas coronafaciens 
in that it infects the brome-grass, Bromus 
inermis, where it produces a water soaked 
spot which is dark purple in color. 

Source:*Numerous isolations from dis¬ 
eased brome-grass. 

Habitat: Pathogenic on Bromus 

inermis and Agropyron repens. Has been 
artificially inoculated on oats, Avena 
saliva. 
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76. Pseudomonas lachrymans (Smith 
and Bryan} Carsner. (Bacterium lachry- 
mane Smith and Bryan, Jour. Agr. Res., 
J, 1915,466; Carsner, Jour. Agr. Res., 16, 
1918, 15; Bacillus lachrymans Plolland, 
Jour. Bact., 5, 1920, 218; Phyiomonas 
lachrymans Bergey et al.. Manual, 1st ed., 
1923, 184.) From Latin, causing tears, 
probably referring to the opaque drops 
formed on the lesion caused by this 
pathogen. 

Synonym: Elliott (Man. Bact. Plant 
Pathogens, 1930, 147) lists the following 
as a synonym: Bacillus burgeri Potebnia, 
Khartov Prov. Agr. Exp. Sta., /, 1915,37. 

Description from Smith and Bryan 
(ioc, cit.) and Clara (Cornell Agr. Exp. 
Sta. Mem. 159, 1934, 26). 

Rods: 0.8 by 1 to 2 microns. Motile 
with 1 to 5 polar flagella. Capsules. 
Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefled. 

Beef-peptone agar colonies: Circular, 
smooth, glistening, transparent, whitish, 
entire margins. 

Broth: Turbid in 24 hours White 
precipitate with crystals. 

Milk: Turns alkaline and clears. 

Nitrites not produced from nitrates. 

Indole reaction weak. 

No II 2 S produced. 

Not li(K»lytic (Starr and Burkholder, 
Phytopath., SB, 1942, 601). 

Acid but not gas from glucose, fruc¬ 
tose, mannose, arabinose, xylose, sucrose 
and mannitol. Alkaline reaction from 
salts of citric, malic and succinic acid. 
Maltose, rhamnose, lactose, raflinose, 
glycerrd and salicin not fermented (Clara, 
loc. cit.). 

Starch partially digested. Not digested 
(Clara, he. cit.). 

Growth in 3 per cent salt after 12 days. 
No growth in 4 per cent salt. 

Optimum temperature 25^ to 27^0. 
Maximum 35*’C. Minimum rC. 

Aerobic. Facultative anaerobe (Clara, 
loc. cit.). 


Source: Isolated from diseased cucum¬ 
ber leaves collected in New York, Wis¬ 
consin, Indiana and in Ontario, Canada. 

Habitat: Pathogenic on cucumber, 
Cucumis sativus^ and related plants. 

77. Pseudomonas maculicola (McCul¬ 
loch) Stevens. (Bacterium maculicolum 
McCulloch, U. S. Dept. Agr., Bur. Plant 
Ind. Bui., m, 1911, 14; Stevens, The 
Fungi which cause Plant Diseases, 1913, 
28; Phytomonas maculicola Bergey et al., 
Manual, Ist ed., 1923, 189; Bacterium 
macculhchianum Burgwitz, Phytopatho- 
genic Bacteria, Leningrad, 1935, 77.) 
From L. maculus, spot; -co/o, dweller. 

Rods: 0.9 by 1.5 to 3 microns. Fila¬ 
ments present. Motile wdth 1 to 5 polar 
flagella. Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefied. 

Beef-peptone agar (Colonies: Whitish, 
circular, shining, translucent, edges 
entire. 

Broth: Turbid. No ring or pellicle. 

Milk: Becomes alkaline and clears. 

Nitrites not produced from nitrates. 

Indole production feeble. 

No H-S formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., SB, 1942, 601). 

Acid from glucose, galactose, xylose, 
sucrose, glycerol, and mannitol. Alka¬ 
line reaction from siilts of citric, malic, 
malonic, and succinic acid. Salicin, 
maltose, and salts of hippuricand tartaric 
not utilized (Burkholder). 

Slight growth in broth plus 4 per cent 
salt (Erw. Smith, Bact. Plant Diseases, 
1920, 306). 

Aerobic. 

Optimum temperature 24** to 25*'C. 
Maximum 29^0. Minimum 0**C. 

Source: Isolated from diseaseii cauli¬ 
flower leaves from Virginia. 

Habitat: Pathogenic on cauliflower and 
cabbage. 

Note : BacUrium maculicola var. jopo- 
nieum Takimoto, Bui. Sci. Fak. Terkult 
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Kjusu Imp. Univ., 4» 546 has not 

bMnseen. 

78. PsendomoiiM margiiiAta (McCul¬ 
loch) Stapp. {Bacierium marginaium 
McCulloch, Science, 5^, 1921, 115; Jour. 
Agr. Res., 89, 194^, 174; Phytomonaa 
fRarpifuila.Bergey et al., Manual, Ist ed., 
1923, 188; Stapp, in Sorauer, Handbuch 
der Pflansenkirakheiten, 8, 5 Auf., 1928, 
66.) From L. marginatus, having a 
border, probably refers to the definite 
margin of the colony. 

Hods: OJi to 0.6 by 0.8 to 1.8 microns, 
hfotile with 1 to 4 bipolar flagella. Cap¬ 
sules. Gram-negative. 

Green fluorescent pigment produced in 
ITsehinsky’s and Fermi’s solutions. 

Gelatin; Liquefied. 

Agar colonies: White, circular, smooth, 
translucent, viscid, with definite margins 
at first thin but later thick and con¬ 
toured. Surface wrinkled. 

Milk: At first slightly acid, then alka¬ 
line. Casein digested. 

Nitrites not produced from nitrates. 

Indole production slight. 

Hydrogen sulfide production slight. 

Lipolytic (Starr and Burkholder, 
niytofMitli., 69, 1942, 601). 

Acid but not gas from glucose, lactose, 
sucrose and glycerol. 

Starch hydrolysis feeble. 

Growth in 3 per cent salt. No growth 
in 4 per cent salt. pH range, 4.6 to 9.1. 

Optimum temperature 30^ to 32*’C. 
Masdmum 40*C. Minimum 8^ to 9*C. 

Source: Repeatedly isolated from 
diseased gladiolus. 

Habitat: Pathogenic on Oladtolua app. 
and Iris app. 

79. PseodommiasmedicaglnlsSackett. 
(Shckett, Science, SI, 1910, 653; also 
Coferado Agr. Exp. Sta., Bull. 168,1910, 
11; BaeUlua medieaginia Holland, Jour. 
Bact., 5, 1920, 219; PhyUmanaa medi- 
eqginia Bergey et id., Manual, 1st ed., 
1923,179; BaeUrium madieaginia Elliott, 
BUet. Plant Phth., 1000, 162.) Fran L. 


madiea, ancient Media; M.L. Medicago, a 
generic name. 

Rods; 0.7 by 1.2 microns. Motile with 
1 to 4 flagella. Filaments present. 
Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Not liquefied. 

Nutrient agar colonies: Growth in 24 
hours whitish, glistening. 

Broth: Turbid in 24 hours. Pellicle 
formed. Viscid sediment. 

Milk: Becomes alkaline. No change. 

Nitrites not produced from nitrates. 

Indole not produced. 

No HiS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 59,1942, 601). 

Starch not hydrolyzed. 

No gas from carbohydrates. Acid from 
sucrose. 

Slight growth in broth plus 3.75 per cent 
salt. 

Optimum temperature 28^ to 30^. 
Maximum 37.5^0. 

Aerobic. 

Source: Isolated from brown lesions on 
leaves and stems of alfalfa. 

Habitat: Pathogenic on alfalfa, Medu 
cago ap. 

79a. Pseudomonas phaseollcola (Burk¬ 
holder) Dowson. {Phytomonaa medi- 
caginia var. phaaaolicola Burkholder, 
Phytopath., 16, 1926, 916; Bacterium 
medicaginia var. pkaaeolirnla Link and 
Hull, Bot. Gaz., 83, 1927, 413; Paeudo- 
monaa medicaginia var. phaaeolicola 
Stapp and Kotte, Nachrichtenb. f. d. 
Deutschen Pflanzcnschutzdicnst, 9,1929, 
36; Dowson, Brit. Mycol. Soc. Trans., 
36, 1943, 10.) From L. phaaeolua, bean; 
M.L. Phaaeolua, a generic name;-cofa, 
dweller. 

Synonym: Bacterium puerariac 

Hedges. (Phytopath., 17, 1927, 48 and 
30, 1930, 140; PhyUmanaa puerariaa 
Bergey et al., Manual, 3rd ed., 1980,267.) 

Description from Burkholder and 
Zaleski (Phytopath., it, 1988, 86). 



FAMILY PSEUBOMONADACEAB 


119 


Rods: 1 by 2 microns, sometimes 
slightly curved, filaments present. 
Motile with polar flagellum. Gram¬ 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin stab: Slow liquefaction. 

Beef extract agar: Whitish, circular 
colonies, 2 mm. in diameter. Edges 
entire. 

Broth: Turbid. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not formed. 

Not lipolytic (Starr and Burkholder, 
Photopath., 5f, 1942, 601). 

Acid but no gas from glucose, fructose, 
mannose, arabinose, xylose, sucrose and 
glycerol. No acid from rhamnosc, lac¬ 
tose, maltose, mannitol and salicin. 
Alkali from salts of citric and malic acids, 
but not from acetic, formic, lactic or 
tartaric acids. Starch and cellulose not 
hydrolysed. 

Blight growth in broth plus 4 per cent 
salt. 

Optimum temperature 20^ to 23^0. 
Maximum 33^0. Minimum 2.5^C. 
(Hedges, loc. cit.). 

Optimum pH 6.7 to 7.3. Maximum 8,8 
to 9.2. Minimum 5.0 to 5.3. (Kotte, 
Phyt. ZeiUch., 1930, 453.) 

Microaerophilic. 

Source: Isolated from leaves, i)od and 
stem of beans showing halo blight. 

Habitat: Pathogenic on beans (Phaato- 
lua vulgaris) f the kudzu vine {Pueraria 
hirauta) and related plants. 

80. Pseudomonas plsISackett. (Sack- 
ett, Colorado Agr. Exp. Sta., Bull. 218, 
1916, 19; Bacterium piai Erw. Smith, 
An Introduction to Bacterial Diseases of 
Plants, 1920, 474; Phytomonaa piai Ber- 
gey et al.. Manual, 1st ed., 1923, 181.) 
From Gr. piaum, the pea; M.L. Piaum, 
a generic name. 

Rods: 0.68 to 2.26 microns. Motile 
with a polar flagellum. Qram-nogative. 


Green fluorescent pigment produced in 
culture. 

Gelatin; Liquefaction. 

Agar slants: Moderate growth in 24 
hours, filiform, glistening, grayish-white. 

Broth: Turbid with a scum in 5 days. 

Milk: Alkaline, soft curd, clears. 

Nitrites not produced from nitrates. 

Indole not produced; 

No HfS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., St, 1942, 601). 

Acid but notgas from glucose, galactose 
and sucrose. 

Starch not hydrolyzed. 

Optimum temperature 27* to 28*C. 
Maximum 37.5*0. Minimum 7*C. 

Aerobic. 

Source: Ten cultures isolated from 5 
collections of diseased peas showing water 
soaked lesions on stems and petioles. 

Habitat: Pathogenic on garden peas, 
Piaum aalivum and field peas, P, aaiivum 
var. arvenae, 

81. Pseudomonas syrlngae van Hall. 
(Kennis der Bakter. Pflanzenziekte, 
Inaug. Diss., Amsterdam, 1902, 191; 
Bacterium ayringae Erw. Smith, Bacteria 
in Relation to Plant Diseases, /, 1905,63; 
Phytomonaa ayringae Bergey et al., 
Manual, 3rd ed., 1930, 257.) From 
Latin, ayringa, a nymph that was 
changed into a reed; M.L. Syringa, a 
generic naipe. 

Synonyms: Bryan (Jour. Agr. Res., S6, 
1928, 225) lists Bacterium eitripuieale C. 
O. Smith, Phytopath., 5, 1913, 69, and 
Bacterium citrarefaciena Lee, Jour. Agr. 
Res., 9, 1917, 1 {Paeudomonaa citrare¬ 
faciena Stapp, in Sorauer, Handb. d. 
Pflanzenkrankheiten, S, 5 Aufl., 1928, 
190). Clara (Cornell Agr. Exp. Sta. 
Mem. 159,1934,29) lists Bacterium vignae 
(Paeudomonaa vignae) Gardner and Ken¬ 
drick, Science, S7, 1923,275 (Phytomonaa 
vignae Bergey et al., Manual, 1st ed., 
1923, 188), Paeudomonaa vitidifaeiena 
Tisdale and Williamson, Jour. Agr. Res., 
J5, 1923, 141 (Bacterium vmdifaeiam 
Tisdale and Williams, thid. ; Pkylowmnaa 
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ptridifaciens Bcrgey et al., Manual, 2nd 
ed., 1925, 208), and Phytomonas vignae 
var. leguminophila Burkholder, Cornell 
Agr. Exp. Sta. Mem. 127, 1930, 51. WiU 
son (Phytopath., SO, 1940, 27) lists 
Phytomonas ceraai (Griffin) Bergey et al. 
(Pseudomonas eerasus Griffin, Science, 
1911, 615; Bacillas eerasus Holland, 
Jour. Bact., 5, 1920, 217; Bcrgey et al.. 
Manual, 3rd ed., 1930, 262; Bacterium 
eerasi Elliott, Bact. Plant Pathogens, 
1990, 109.) This would include, there¬ 
fore the following synonyms which 
have been listed for Phytomonas eerasi. 
Clara (Cornell Agr. Exp. Sta. Mem. 
150, 1934, 25) lists Bacterium trifoliorum 
Jones et al. (Jour. Agr. Res., 25, 1923, 
471; Phytomonas trifoliorum Burk¬ 
holder, Phytopath., 16, 1926, 922; 

Pseudomonas trifoliorum Stapp, in Sor- 
auer, Handb. d. Pflanzenkrankheitcn, 2, 
5 Ai|fl., 1928, 177) and Bacterium hold 
Kendrick (Phytopath., 16, 1926, 236; 
Pseudomonas hold Kendrick, ibid .; 
Phytomonas hold Bergey et al.. Manual, 
3rd ed., 1930, 258). Wilson (Hilgardia, 
10, 1936,213) lists Pseudomonas prunicola 
Wormald (Ann. Appl. Biol,, 17, 1930, 
725), Pseudomonas eerasi var. prunicola 
l/l^lson (Hilgardia, S, 1933,83), Bacterium 
eUriputeale C. O. Smith (Phytopath., 4, 
1913, 69; Pseudomonas citriputealis 

Stapp, in Sorauer, Handb. d. Pflanzen- 
krankheiten, 2, 5 Aufl., 1928,190; Phylo- 
monos citriputealis Bergey et al., Manual, 
3rd ed., 1930, 278) and Pseudomonas 
uiiformica (IHara, Science, 76, 1932, 111 
(Phytomonas utiformica Clara, Cornell 
Agr. Exp. Sta. Mem. 159,1934,29; Bac¬ 
terium utiformica Burgwitz, Phytopatho- 
genic Bacteria, Leningrad, 1935,444). A 
probable synonym is Phytomonas 
spongiosa (Aderhold and Ruhland) Ma- 
grou (Bacillus spongiosus Aderhold 
and Ruhland, Cent. f. Bakt., II Abt., 16, 
1905,376; Pseudomonas spongiosa Braun, 
Die Landwirtschaft, 41, 42, 1927, 2 pp.; 
Bacterium spongiosum Elliott, Man. 
Bact. Plant Pathogens, 1930, 214; Ma- 
grou, in Hauduroy et al.. Diet. d. Bact. 
Bath., Paris, 1997, 414). C. 0. Smith 


(Phytopath., 55,1943,82) lists the follow- 
ing as a synonym: Pseudomonas hibisei 
(Nakata and Takimoto) Stapp (Bacteri¬ 
um hibisei Nakata and Takimoto, Ann. 
Phytopath. Soc. Japan, 1, 5, 1923, 18; 
Stapp, in Sorauer, Handbuch der Pflan- 
zenkrankheiten, 5 Aufl., 2, 1928, 203; 
Phytomonas hibisei Bergey et al.. Manuals 
3rd ed., 1930, 264). 

Description from Clara (loc. cit.). 

Rods: 0.75 to 1.5 by 1.5 to 3.0 microns. 
Motile with 1 or 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Becf-extract agar colonies: Circular, 
grayish-white with bluish tinge. Surface 
smooth. Edges entire or irregular. 

Broth: Turbid in 36 hours. No pelli¬ 
cle. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not produced. 

No HjS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 55, 1942, 601). 

Slight growth in broth plus 4 per 
cent salt. 

Acid but not gas from glucose, galac¬ 
tose, mannose, arabinose, xylose, su¬ 
crose, mannitol and glycerol. Alkaline 
reaction from salts of citric, malic, suc¬ 
cinic and lactic acid. Rhamnose, mal¬ 
tose, lactose, raffinose, salicin, and acetic, 
formic and tartaric acid not fermented. 

Starch not hydrolyzed. 

Facultative anaerobe. 

Source: Van Hall originally isolated 
the pathogen from lilac. 

Habitat: Pathogenic on lilac, citrus, 
cow peas, beans, lemons, cherries and 
many unrelated plants. 

81a. Orsini reports the following as a 
variety—Bacfcrttim syringae var. eapsici 
Orsini. (Intern. Bull. Plant Prot., 55, 
1942, 33.) Pathogenic on the pepper 
plant (Capsicum). 

82. Pseudomonas atrofaclens (McCul* 
loch) Stevens. (Badetium atrofaeiem 
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McCulloch, Jour. Agr. Res., 18, 1920, 
549; Phytomonas atrofaeiena Bergey et 
al., Manual, lat ed., 1923, 185; Stevena, 
Plant Diaeaae Fungi, New York, 1925,22.) 
From Latin, aler, black; f€iciena, making, 
referring to the color of the leaion on 
wheat. 

Roda: 0.6 by 1 to 2.7 microna. Long 
chaina formed in culture. Capaulea 
preaent. Motile with 1 to 4 polar or bi¬ 
polar flagella. Gram-negative. 

Green fluoreacent pigment produced 
in culture. 

Gelatin: Liquefied. 

Beef-peptone-agar coloniea: Circular, 
ahining, tranalucent, white. 

Broth: Growth never heavy, alight 
rim, and a delicate pellicle. 

Milk: Becomea alkaline and cleara. 

Nitritea not produced from nitratea. 

Indole: Slight production. 

Hydrogen aulhde: Slight production. 

Acid and no gaa from glucoae, galac- 
toae and aucrose. 

Starch ia alightly hydrolyzed. 

Optimum temperature 25'’ to 28'’C. 
Maximum 36'’ to 3T’C and minimum be¬ 
low 2'’C. 

Aerobic. 

Sourcea: laolated from diacaaed wheat 
graina collected throughout United Statea 
and Canada. 

Habitat: Cauaea a boaal glume-rot of 
wheat. 

83. Pseudomonaa cumini (Kovacev- 
aki) Dowaon. (Phyiomonaa cumini Kov- 
acevaki. Bull. S^. Bot. Bulgarie, 7, 1936, 
27; Dowaon, Trana. Brit. Mycol. Soc., 
Id, 1943, 10.) From Greek cuminum, 
cumin; M.L. Cuminum, a generic name. 

Roda: 0.5 to 0.7 by 1 to 3 microna, oc¬ 
curring in chaina and hlamenta. Motile 
with 1 to 3 polar Bagella. Gram-negative. 

Green fluoreacent pigment formed in 
culture. 

Gelatin: Rapidly liquefied. 

Potato agar oobniea: Qrayiah-white, 
circular, gliatening, amooth, butyroua. 

Broth: Nbderate turbidity. Faeudo* 
zoogloea. 


Milk: Not coagulated. Caaein 
ionized. 

Nitritea not produced from nitratea. 

Indole not formed. 

No HtS formed. 

Acid but nol gaa from glucoae and 
aucroae. No acid from lactoae or glyc¬ 
erol. Starch not hydrolyzed. 

Temperature range 6'’C to 31^C. 

Aerobic. 

Source: laolated from blighted cumin 
(Cuminum), 

Habitat: Pathogenic on cumin and dill. 

84. Paeudomonaa deaaiana (Burk¬ 
holder) comb. nov. (B. pyocyaneua aoc- 
charum Deaai, Ind. Jour. Agr. Sci., 5, 
1935, 391; Phytomonuu deaaiana Burk¬ 
holder, in Bergey et al.. Manual, 5th ed., 
1939, 174.) Named for Deaai who firat 
isolated the apeciea. 

Rods: 0.6 to 1.2 by 1.2 to 2.2 microna. 
Motile with a polar flagellum. Gram¬ 
negative. 

Green fluoreacent pigment produced 
in culture. 

Gelatin: Liquefaction. 

Agar coloniea: Gra 3 ri 8 h-blue. Raised. 

Broth: Light clouding. Pellicle. 

Milk: Peptonized without coagulation. 

Nitritea not produced from nitratea. 

Indole not formed. 

Glucoae, aucroae, lactose and glycerol 
fermented without gas. 

Starch: Hydrolysis preaent. 

Optimum temperature 30'’C. 

Aerobic. 

Source: Isolated from stinking rot of 
sugar cane in India and associated with a 
white non-pathogenic bacterium. 

Habitat: Pathogenic on sugar cane, 
Saccharum officinarum. 

85. Pseudomonas erodU Lewis. (Phj- 
topath., 4» 1914, 231; Baderium arodii 
Lewis, ibid.; Phytomonaa arodii Beigey 
etal.. Manual, 3rd ed., 1930,256.) From 
Greek, erodiua, heron; M.L. Brodium^ 
a generic name. 

Rods: 0.6 to 0.8 by 1.2 to 1.8 mierons. 
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Motile with 1 to 3 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefaction. 

Agar stroke: Heavy, smooth, cream- 
oobred growth in 24 hours. 

Broth: Dense clouding in 24 hours. 

Milk: Turns alkaline and clears, litmus 
reduced. 

Nitrites not produced from nitrates. 

Indole produced in 14 days. 

No HsS produced. 

Acid but not gas from glucose, sucrose, 
lactose and glycerol. 

Temperature: No growth at 35®C, 

Aerobic, obligate. 

Source: Isolations from Erodium iex- 
anum and 4 .varieties of Pelargonium. 

Habitat: Causes a leaf spot of Erodium 
Uxanum and Pelargonium app. 

86. PaeudomonasapiiJagger. (Jagger, 
Jour. Agr. Res., 21, 1921, 186; Phyto^ 
monaeapii Bergey et al.. Manual, Ist ed., 
1923, 184; Peeudomonae jaggeri Stapp, in 
Sorauer, Handbuch der Pflansenkrank- 
heiten, F, 5 Aufl., 1928, 210; Bacterium 
jaggeri IQliott, Bacterial Plant Patho¬ 
gens, 1930, 142; Phytomonae jaggeri 
Magrou, in Handuroy et al., Diet. d. 
Bact. Path., Paris, 1937, 371.) From 
Latin, opium, parsley, M.L. Apium, a 
generic name. 

Description from Clara (Cornell Agr. 
Exp. Sta. Mem. 159, 1934, 24). 

Rods: 0.75 to 1.5 by 1.5 to 3.0 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Green fluorescent pigment produced 
in various media. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Circular, 
glistening, smooth, edges entire. Gray¬ 
ish-white with bluish tinge. 

Broth: Turbid in 36 hours. Pellicle 
formed. 

Milk: Becomes alkaline. No curd. 

Nitrites not produced from nitrates. 

Indole not formed. 


No HfS formed. 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, 
xylose, sucrose, mannitol and glycerol. 
Alkaline reaction from salts of acetic, 
citric, malic and succinic acids. Rham- 
nose, maltose, lactose, rafHnose, salicin, 
and formic, lactic and tartaric acid are 
not utilized. 

Starch not hydrolyzed. 

Facultative anaerobe. 

Distinctive characters: Pathogenicity 
appears limited to celery. 

Source: Jagger isolated this repeatedly 
from diseased celery leaves. 

Habitat: Pathogenic on celery, Apium 
graveolens, 

87. Pseudomonas matthlolae (Briosi 
and Pavarino) Dowson.. {Bacterium mat- 
ihiolae Briosi and Pavarino, Atti della 
Reale Accad. dei Lincei Rend., 21, 1912, 
216; Phytomonae malthiolae, Bergey et 
al.. Manual, 3rd ed., 1930, 266; Mushin, 
Proc. Roy. Soc. Victoria, 55, 1941, 201; 
Dowson, Trans. Brit. Mycol. Soc., 26, 
1943, 10.) From M.L. Matthiola, a 
generic name. 

Rods: 0.4 to 0.6 by 2 to 4 microns. 
Gram-positive. Gram-negative (Mush¬ 
in, loc, cit.). 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefied. 

Beef agar colonies: White, circular 
colonies, slightly elevated, margins 
smooth. 

Broth: Slightly turbid. Becomes pale 
green. 

Milk: Coagulation with acid reacton. 

Nitrites produced from nitrates 
(Mushin). 

Hydrogen sulfide not formed. 

Acid from glucose, galactose, fructose, 
mannose, rhamnose, glycerol, mannitol, 
acetic acid, citric acid, formic acid, lactic 
acid, malic acid, and succinic acid. 
Feeble acid in maltose. No acid, no gas 
in lactose, sucrose, raflinose, starch, 
saliein, and tartaric add (Mudiin). 

Optuniun tempeimiure 20 to 24V!. 
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Maximum temperature 38.5 C. Mini¬ 
mum below 0®C. (Mushin). 

Limits of growth in broth are pH 4.4 
to pH 9.5 (Mushin). 

Aerobic. 

Source: Isolated from vascular and 
parcnchymatic disease of stocks, Mat 
thiola incana var. annua. 

Habitat: Pathogenic on stocks. 

Note: Burkholder (Phytopath., 28, 
1938, 936) and Santarclli (Rev. di Pat. 
Vcg., 29, 1939, 364) consider this species 
a sync^ym of Pseudomonas syringae. 
Adam and Pugsley (Jour. Dept. Agric. 
Victoria, 52, 1934 , 306) give a descrip¬ 
tion of a green fluorescent pathogen on 
stocks which is similar to Pseudomonas 
syringae, Mushin (foe. cii.) considers 
Pseudomonas mattkiolae to be a distinct 
species. 

88. Pseudomonas mors-prunorum 
Wormald. (Jour. Pom. and Hort. Sci., 
9, 1931,251; Phytomonas mors-prunorum 
Wormald, Trans. Brit. Mycol. Soc., i7, 
1932, 169; Bacterium mors-prunorum, 
ibid.) From L. mors, death; prunus, 
plums. 

Rods: Motile with a polar flagellum. 
Gram-positive (1931). Gram-negative 
(1932). 

Note: Possibly a green fluorescent or¬ 
ganism since it produces a faint yellow 
color in Uschinsky’s solution. 

Gelatin: Liquefaction. 

Agar colonies: White. 

Broth plus 5 per cent sucrose: White 
and cloudy. 

Nitrites not produced from nitrates. 

Acid but not gas from glucose, lactose, 
sucrose and glycerol. 

Starch not hydrolysed. 

Strict aerobe. 

Distinctive characters: Differs from 
Pseudomoncu prunicola (Pseudomonas 
syringae) in that it produces a white 
cloudy growth in broth plus 5 per cent 
sucrose; a rapid acid production in nu¬ 
trient agar plus 5 per cent sucrose, and a 
faint yellow or no color in Usohinsky’s 
solution. 


Source: Isolated from cankers on plum 
trees in England. 

Habitat: Pathogenic on Prunus spp, 

89. Pseudomonas rlmaefadens Koning. 
(Chron. Bot., 4t 1^8,11; Meded. Phytop. 
Labor, Willie Comm. Scholt., 14, 1938, 
24.) From L. rima, fissure; /octens, pro¬ 
ducing. 

Rods: 0.6 to 2.4 microns in length. 
Motile with 1 to 3 polar flagella. Gram- 
negative. 

Yellow-green fluorescent water-soluble 
pigment produced in culture. 

Gelatin: Liquihed. 

Agar colonies: Round, convex, smooth, 
somewhat granular with hyaline edge. 

Broth: Turbid. Surface growth with 
a sediment in a few days 

Milk: Alkaline and clears. 

Nitrites not produced from nitrates. 
Peptone, asparagin, urea, gelatin, ni¬ 
trates and ammonia salts are sources of 
nitrogen. 

Hydrogen sulhde not produced. 

Indole production slight. 

Growth with the following carbon 
sources plus NOi, glucose, sucrose, 
glycerol, succinates, malates, citrates 
and oxalates. Less growth w^ith manni¬ 
tol, fructose, galactose, lactose, salicy¬ 
late. Acid is produced from the sugars. 
No growth with dextrin, inulin, maltose, 
lactose, rhamnose, salicin, tartrates, 
acetates, formates. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. Maxi¬ 
mum about 37®C. Very slow growth at 
14®C. Thermal death point 42® to 48®C. 

Source: Strains of the pathogen * 80 - 
ated from poplar cankers in France and 
in the Netherlands. 

Habitat: Pathogenic on Populns bra- 
bantica, P. trichocarpa and P.eandicans, 

This may be Pseudomonas syringae 
since the characters are the same and 
both organisms can infect Impaiiene sp. 
Pseudomonas syringae infects poplars 
(Elliott, Bacteri::i Plant Pathogens, 
1930 , 218). 
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90. Pseudomonas papulans Bose. 
(Rose, Phytopath., 7, 1917, 198; Phyto- 
monat papulaiM BeiKey et al., Manual, 
3rd ed., 1930, 207; Bacitrium papulana 
Elliott, Bacterial Plant Pathogens, 1930, 
17$; Phyiamanas zyringae var. papulans 
Smith, Jour. Agr. Res., 68, 1944, 294.) 
From L. papulans, forming blisters. 

Hods: 0.6 by 0.9 to 2.3 microns. Motile 
with 1 to 6 polar flagella. Gram-nega¬ 
tive. 

Green fluorescent pigment produced in 
culture. 

GelaUn: Liquefied. 

Broth: Moderate turbidity in 24 hours. 
Milk: Alkaline and at times a soft 
coagulum. 

Nitrites not produced from nitrates. 
Indole: May or may not be produced. 
Acid but not gas formed from glucose 
and sucrose. 

Optimum temperature 25^ to 28^0. 
Maximum 37X. 

Source: Twenty-five cultures isolated 
from blisters on apples and from rough 
bark. 

Habitat: Pathogenic on apple trees. 

91. Pseudomonas pseudozoogloeae 

(Honing) Stapp. {Bacterium pseudo- 
zooglotae Honing, Bull, van Het. Deli 
Proefstation, Medan, I, 1914, 7; Stapp, 
in Sorauer, Handbuch der Pflanzen- 
krankheiten, X, 5 Auf., 1928, 274; Phyto- 
monos pseudozoogloeae Bergey et al., 
3rd ed., 1930, 261.) From Gr., pseudo, 
false; M. L. zoogloea, zooglea. 

Bo^:0.7 to 1.5 by 0.9 to 2.5 microns. 
(Chains. Motile with 1 or 2 polar flagella. 
Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar colonies: Round, flat, yellow- 

Broth: Moderate turbidity with pseu- 
dosoogloea in the pellicle. 

Milk; Coagulation. No clearing. 
Nitrites not produced from nitrates. 
Indole not formed. 

Hydrogen sulfide produced. 


Acid but not gas from glucose, lactose, 
maltose, sucrose and mannitol. 

Facultative anaerobe. 

Source: Isolated from the black rust 
of tobacco. 

Habitat: Pathogenic on tobacco, 

Nicotiana iabacum. 

92. Pseudomonas tabacl (Wolf and 
Foster) Stevens. (Bacterium tabacum 
Wolf and Foster, Science, 4^, 1917, 362; 
also Jour. Agr. Rt's., 18, 1918, 449; Phyto- 
monos tabaci Bergey et al., Manual, 1st 
ed., 1923, 185; Stevens, Plant Disease 
Fungi, New York, 1925, 34.) From 
Nicotiana tabacum, tobacco. 

Rods: 1.2 by 3.3 microns. Motile with 
a polar flagellum. Gtam-negative. 

Gelatin: Liquefaction. 

Potato agar colonies: Grayish-white, 
circular, raised, wet-shining, smooth. 

Milk: Alkaline; clears. 

Nitrites not produced from nitrates. 

Indole not formed. 

Acid from glucose, galactose, fructose, 
1-arabinose, xylose, sucrose, pectin, man¬ 
nitol and glycerol (Braun, Phyto^iath., 
27, 1937, 289). 

Anunonium sulfate, potassium nitrate, 
cystine, glutamic acid, glycine, succin- 
imide, oxamide, acetamide, and urea can 
be used as nitrogen source (Braun). 

Starch not hydrolyzed. Aerobic. 

Distinctive character: Braun (lot. cit,) 
states that Pseudomonas tabaci and Pseu¬ 
domonas angulataare identical in culture. 

Source: Isolated from wildfire lesions 
on tobacco leaves in North Carolina. 

Habitat: Pathogenic on tobacco, Nico¬ 
tiana tabacum, 

93. Pseudomonas Ispsa (Ark) Burk¬ 
holder. (Phytomonas lapsa Ark, Phyto¬ 
path., 90, 1940, 1; Burkholder, ibid., 39, 
1942, 601.) From Latin, lapsus, falling, 
referring to a symptom of the disease. 

Rods: OM by 1.55 microns. Motile 
with 1 to 4 polar flagella. 

Produces fluorescence in Uschinsky’s, 
Fermi’s, and Ck>hn’s solutions. 
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Gelatin: Liquefied (Burkholder). 

Acid but no gas is produced from 
glucose, sucrose, maltose, lactose, glyc¬ 
erine, arabinose, xylose, galactose, raf- 
hnose and mannitol. 

Slight growth in broth plus 5 per cent 
salt (Burkholder). 

Source: Isolated from stalk rot of field 
corn in California; also from Diabrotica 
beetles. 

Habitat: Pathogenic on corn and sugar 
cane. 

Notk: Like Paeudomonaa deaiana. 

94. Pseudomonas bowlesiae (Lewis 
and Watson) Dowson. (Phytomonas 
bowleaii liCwia and Watson, Phyto|)ath., 
17, 1927, 511; Bacterium bowleaii Elliott, 
Bacterial Plant Pathogens, 1930, 96; 
Dowson, Trans. Brit. My col. Soc., 26, 
1943,9.) From M. L. Bowleaia, a generic 
name. 

Rods: 0.5 to 0.7 by 1.2 to 1.6 microns, 
occurring singly, in pairs or in short 
chains. Motile with bipolar flagella. 
Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefied. 

Agar slants: Yellowish, moist, glisten¬ 
ing and viscid. 

Broth: Uniform turbidity throughout. 
Heavy viscous sediment in old cultures. 

Milk: Alkaline; coagulation, with a 
slow peptonization. 

Nitrites are produced from nitrates. 

Indole is proiiuced. 

Hydrogen sulfide is produced. 

Acid from glucose, maltose and xylose. 
No acid from sucrose. 

Optimum tem|>eraturc 27®C. Maxi¬ 
mum 37®C. Minimum —TC. 

Optimum pH 7.2. pH range 4.5 to 8.6. 

Aerobic. 

Source: Isolated from diseased, w'ater 
soaked spots of bowlesia. 

Habitat: Pathogenic on Bowleaia sep- 
terUrionalia, 

95. Pseudomonas intybi (Swingle) 
Stepp. (Phyiomonaa intybi Swingle, 


Phytopath., IS, 1925, 730; Stepp, in Sor- 
aurer, Handbuch der Pflanzenkrank- 
heiten, 2, 5 Auf., 1928, 291; Bacterium 
intybi Elliott, Bacterial Plant Pathogens, 
1930, 142.) From Latin, inlibua, endive. 

Description from Stepp, Cent. f. Bakt., 
II Abt., P/,1935, 232. 

Rods: 0.4 to 0.5 by 1.4 to 2.8 microns. 
Motile with one to several polar flagella. 
Gram-negative. 

Green fluorescent pigment formed in 
culture. 

Gelatin: Liquefaction. 

Agar colonics: White, glistening, trans¬ 
parent. . 

Broth: Turbid with fragile pellicle, 
and good sediment. 

Milk: Ck>agulated. Casein not pep¬ 
tonized. 

Nitrites are produced from nitrates 
with the formation of gas. 

Indole not formed. 

Acid but not gas from arabinose, xylose 
and glucose. No acid from sucrose. 

Optimum temperature 23® to 28®C. 
Maximum 40® to 42®C. Minimum 0®C. 

Distinctive character: Differs from 
Paeudomonaa cichoni in that it liquefies 
gelatin and produces nitrites from ni¬ 
trates. 

Source: Isolated from French endive, 
Cichorium iniybus by Swingle, from C. 
endiva and lettuce, Lactuca saliva by 
Stapp. 

Habitat: Pathogenic on endive and let* 
tucc. causing a rot. 

96. Pseudomonas marglnalls (Brown) 
Stevens. {Bacterium marginale Brown, 
Jour. Agr. Res., IS, 1918,386; Phytomonas 
marginalia Bcrgey et al., Manual, Ist ed., 
1923, 182; Stevens, Plant Disease Fungi, 
New' York, 1925,30.) From I.Atin, margo 
(marginis)t edge, margin; M.L. ittur- 
gintUia, on the margin, a character of the 
disease. 

Description from Brown (foe. ctl.) and 
Clara (Cornell Agr. Exp. Ste. Mem. 189, 
1934, 27). 

Rods: Motile with 1 to 3 polar flagella. 
Gram-negative. 
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Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar cdonies: Cream-colored to yel* 
lowish. 

Broth: Turbid, with pellicle. 

Milk: Alkaline. Soft curd at times. 
Nitrites are produced from nitrates. 
Not produced (Clara, he. eii.). 

Indole not produced. 

No HsS produced. 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, xylose, 
rhamnose, mannitol and glycerol. Al¬ 
kali from salts of acetic, citric, malic, 
formic, lactic, succinic and tartaric acid. 
Sucrose, maltose, lactose, rafflnose and 
salicin not fermented (Clara, loc. cit.). 

Starch hydrolysis feeble. None (Clara, 
he. eii.). 

Optimum temperature 25'’ to 26'’C. 
Ma.\imum SS^’C. Minimum O^’C. 

Aerobic. 

Source: Isolated from marginal lesion 
on lettuce from Kansas. 

Habitat; Pathogenic on lettuce and 
related plants. 

97. Pseudomonas setariae (Okabe) 
comb. nav. (Bacterium setariae Okabe, 
Jour. Soc. Trop. Agr. Formosa, 6, 1934, 
53; Phytomonas eetariae Burkholder, in 
Bergey, Manual, 5th ed., 1939, 183.) 
FromL.ss/o, bristle; -anus, like; M. L. 
Setaria, a generic name. 

Rods: 0.4 to 0.8 by 1.8 to 4.4 microns. 
Motile with a polar, seldom bipolar, flagel¬ 
lum. Gram-negative. 

Yellowish water-soluble pigment pro¬ 
duced in culture. 

Gelatin: Slow liquefaction. 

Beef-extract agar colonics: Circular, 
white, opalescent, smooth, glistening. 

Broth; Turbid after 18 hours. Pel¬ 
licle. 

Milk: Alkaline; clears. 

Nitrites arc produced from nitrates. 
Indole is produced. 

No HjS produced. 

Acid but not gas from glucose, galac¬ 


tose and glycerol. No acid from lactose, 
maltose or sucrose. 

Starch: Feeble hydrolysis. 

Grows in 3 per cent salt. 

Optimum temperature 31^ to 34*C. 
Maximum 42^C. 

Aerobic. 

Source: Isolated from brown stripe of 
Italian millet. 

Habitat: Pathogenic on Italian millet, 
Sctaria iialica. 

98. Pseudomonas polycolor Clara. 
(Clara, Phytopath., fO, 1930, 704; Pkyto- 
monaa polycolor Clara, ibid., Bacterium 
polycohr Burgwitz, Phytopathogenic 
Bacteria, Leningrad, 1935, 148.) From 
Gr. poly, many; L. color, color. 

Note: Delacroix (Comp. rend. Acad. 
Sci., Paris, 1$7, 1903, 454) describes 
Bacillus aerogenosus as being a tobacco 
pathogen. The organism described by 
Delacroix might be the same as Pseudo¬ 
monas polycohr. Braun and Elrod 
(Jour. Bad., iS, 1942, 40) are of the 
opinion that Clara’s pathogen is Pseudo^ 
monos aeruginosa. 

Description taken from Clara (Cornell 
Agr. Exp. Sta. Mem. 159, 1934, 28). ■ 

Rods: 0.75 to 1.2 by 1.05 to 3.0 microns. 
Motile with 1 or 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Grayish- 
white, circular, raised, thin transparent 
margins. 

Broth: Turbid in 36 hours with thin 
pellicle. 

Milk: Alkaline; no curd. 

Nitrites not produced from nitrates. 

Indole not produced. 

No HjS produced. 

Lipolytic (Starr and Burkholder, Pliy- 
topath.. Si, 1942,601). 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, xy¬ 
lose, mannitol and glycerol. Alkaline 
reaction from salts of acetic, citric, malic, 
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kotie and formic acid. Rhamnoaa, su- 
croM, maltose, lactose, raffinose and sali- 
cin not fermented. 

Starch not hydrolysed. 

Facultative anaerobe. 

CkxKl growth in broth plus 7 per cent 
salt. 

Optimum temperature 25^ to 30''C. 
Maximum 37^ to 39*^0. 

Distinctive character: Differs from 
P$eud(mumas mellea in type of lesion pro¬ 
duced, does not digest starch, nor reduce 
nitrates and does not form acid from lac¬ 
tose nor sucrose. Pathogenic for labora¬ 
tory animals (Elrod and Braun, Sci. 94, 
1941, 620). 

Source: Repeatedly isolated from leaf 
spot of tobacco in the Philippines. 

Habitat: Pathogenic on tobacco. 

90. Pseudomonas virldiflava (Burk¬ 
holder) Clara. (PhyUmaruu viridifiava 
Burkh., Cornell Agr. Exp. Sta. Mem. 127, 
1930, 63; Clara, Science, 76, 1934, 111; 
Bacterium viridiflavum Burgwits, Phyto- 
pathogenic Bacteria, Leningrad, 1935, 
127.) From Latin rmdta, green; ^arua, 
yellow. 

Description from Clara (Cornell Agr. 
Exp. Sta. Mem. 139,1934, 30). 

l^s: 0.76 to 1.6 by 1.5 to 3.16 microns. 
Motile with 1 or 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Grayish- 
white, margins corrugated, edges irvegu- 
lar. 

Broth: Turbid in 36 hours. 

Milk: Becomes alkaline and clears. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HiS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., Si, 1942, 601). 

Acid but not gas from glucose, fruc¬ 
tose, mannose, arabinose, xylose, manni¬ 
tol and iJycerd. Alkaline reaction from 
salts of acetic, citric, malic, lactic and 


succinic acids. Sucrose, lactose, mal¬ 
tose, raffinose, salidn, and salts of formic 
and tartaric acids not fermented. 

Starch: No hydrolysis. 

Growth in broth plus 6 per cent NaCl. 

Facultative anaerobe. 

Source: Two cultures isolated from 
spotted beans, one from England and 
one from Switzerland. 

Habitat: Pathogenic on bean, PAoseo- 

lus vulgarid, 

99a. Pieudomonae viridi/Uwa var. eofi- 
cetUrica (Petersen) comb. nov. (Phyto- 
monoB vitidifloDa var. conceffdriea Peter¬ 
sen, Tridsskr. f. Planteavl., SS, 1932,851; 
Bacterium viridiJUwum var. eoncentrieum 
Burgwitz, Phytopathogenic Bacteria, 
Leningrad, 1936, 127.) From M. L. 
eoncentricuB, concentric, referring to 
the rings on the colonies. 

Distinctive characters: Differs from 
PBeudonumoB viridiftaea in that it does 
not grow in Uschinsky *s solution, and also 
in the shape of the colonies. 

Source: Isolated from the stems and 
leaves of blighted beans in Denmark. 

Habitat: Phthogenie on the bean, 
PhoBtoluB vulgariB, 

100. Pseudomonaa ananas Serrano. 
(Serrano, Philipp. Jour. Sci., SS, 1934, 
365; PhytonumoB ananoB and Bacterium 
ananoB Serrano, ibid, (not to be con¬ 
fused with Erwinia ananoB Serrano, 
ibid,, SS, 1928, 271); Bacterium Berranoi 
Burgwits, Bact. EHs. of Plants, Lenin¬ 
grad, 19%.) From Brasilian Indian, 
ananoB, pineapple; M.L. Ancmos, generic 
name. 

Rods: 0.6 by 1.8 microns. Motile with 
1 to 4 polar flagella. Gram-negative. 

Green fluorescent pigment produced 
in certain media. 

Gelatin: Liquefied. 

Beef-extract glucose agar colonies: 
White, with undulating edges, smooth to 
rugose, glistening to dull. 

Beef-extract agar: Growth scant. 

Broth: Feeble growth. 
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Milk: Becomes alkaline with curd. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HiS formed. 

Acid but not gas from glucose, xylose 
and mannitol. Feeble with lactose. No 
acid with sucrose. 

Starch not hydrolysed. 

Optimum temperature 30** to 31^0. 
Maximum 45*^0. Minimum 7° to 10^0. 

Aerobic. 

Habitat: Causes a rot of pineapples, 
Ananas eomosus. 

101. Pseudomonas ligustri (d’Oliveira) 
com6. nav. (Bacterium ligustri d’Oli- 
veira, Bevista Agron., Hi, 1936, 434.) 
From L. ligustrumf privet; M. L. Ligus- 
trum, a generic name. 

Rods: 0.5 to 0.7 by 1.3 to 3 microns. 
No chains. No capsules. Motile with 
2 to 5 polar flagella. Gram-negative. 

Green pigment produced on Dox agar, 
and in broth. 

Gelatin: Liquefied. 

Beef-extract agar colonies: Growth 
modasrnte^ Milky white, circular, convex. 

Broth: Turbid in 24 hours. No pel¬ 
licle. 

Milk: Coagulated in 6 days, and later 
digested. Litmus slightly acid. 

Nitrites not produced from nitrates. 

Indole not produced. 

Ammonia not produced. 

No gas from carbohydrates. Acid f rom 
glucose, galactose, arabinose and man¬ 
nose. No acid from sucrose, maltose, 
lactose, raffinose, mannitol and salicin. 

Source: From diseased Japanese privet 
in Lisbon, Portugal. 

Habitat: Pathogenic on privet, Ligus- 
irum japonicum. 

102. Pseudomonas sesami Malkoff. 
(Malkoff, Cent. f. Bakt., II Abt., 16, 
1906, 665; Bacterium sesami Nakata, 
Ann. Phyt. Soc. Japan, S, 1930, 242; 
Phytomonas sesami Kovachersky, Ann. 
Univ. de Sofia, Fac. Agron., 3,1930,464.) 
From Gr. sesamum, sesame; M. L. Sesa- 
mum, a generic name. 


Synonym: Nakata (foe. cit.) lists Boc* 
terium sesamicola Takimoto, Jour. Plant 
Protect. Tokyo, 3, 1927 , 433 (Phyto- 
monos sesamicola Magrou, in Hauduroy 
ct al.. Diet. d. Bact. Path., 1937, 412). 

Description from Nakata (loc. ctL). 

Rods: 0.6 to 0.8 by 1.2 to 3.8 microns. 
Motile with 2 to 5 polar flagella. Gram- 
negativo. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction rapid. 

Beef-agar colonies: Circular, flat, stri¬ 
ate, smooth, entire margins, white. 

Broth: Growth rapid. No pellicle. 

Milk: Alkaline. No coagulation. 

Nitrites not produced from nitrates. 

Indole not produced. 

No HtS produced. 

Acid but not gas from glucose. No 
acid from lactose, sucrose or glycerol. 

Starch not hydrolyzed. 

Optimum temperature 30®C. Maxi¬ 
mum 35®C. Minimum 0®C. 

Facultative anaerobe. 

Source: Isolated from brown spots on 
leaver and stems of sesame. 

Habitat: Pathogenic on sesame. 

103. Pseudomonas tolaasii Paine. 
(Paine, Ann. Appl. Biol., 5, 1919, 210; 
Phytomonas tolaasi Bergey et al., Man 
ual, 3rd ed., 1930, 259; Bacterium tolaasi 
Elliott, Bacterial Plant Pathogens, 1930, 
226.) Named for A. G. Tolaas who first 
reported the species. 

Rods : 0.4 to 0.5 by 0.9 to 1.7 microns. 
Motile with 1 to 5 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Bouillon agar: Streak develops in 24 
hours, dirty bluish-white, wet-shining 
and slightly raised. 

Broth: Turbid in 24 hours. Pellicle. 

Milk: Becomes alkaline and clears. 

Nitrites not product from nitrates. 

Indole production slight. 

Acid but not gas from glucoge. No 
acid from lactose or sucrose. 
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Starch hydrolysis feeble. 

Optimum temf)erature 

Source: Isolated in Kngland from 

brown-spot 4>f <‘ultivated mu8hr<x)m8. 

Habitat: Pathogenic on cultivated 

mushnsmis. 

104. Pseudomonas xanthochlora 

(Schuster) Stapp. (Bacterium xantho- 
chloTum Schuster, Arbeit, a. d. Kaiserl. 
Biolog. Anstalt. f. I^and. u. Forstw., 8, 
1012, 452; Phylomonoji xanthochlora Ber- 
gey et al.. Manual, Ist ed., 1923, 180; 
Stapp, in Sorauer, Handbuch der Pflan- 
zenkrankheiten, 2, 5 Auf., 1928, 213.) 
From Gr. xanlhus, yellow; chlorus^ green. 

Description from Erw. Smith, Bacteria 
in Rel. to Plant Dis., 5, 1914, 272. 

Hods: 0.75 to 1.5 by 3.0 microns. Mo¬ 
tile with 1 to 3 flagella. Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Slow liquefaction. 

Agar colonics: Circular, slightly raised, 
yellow-white. 

Broth: Strong clouding in 24 hours. 

white pellicle. 

Milk: Slow coagulation and clearing. 

Nitrites are produced from nitrates. 

Indole is pnxluccd after 10 days. 

Hydrogen sulfide produced slowly. 

Acid but not gas from glucose and 
Eslaetose. 

Optimum temperature 27"‘(^ Maxi¬ 
mum 44®C. Minimum 2'C^ 

Source: Isolated fmni rotting potato 
tubers in Germany. 

Habitat: Pathogenic on jwtato tubers 
and a numl>er of unrelated plants. 

105. Pseudomonas rhizoctonia (Thom¬ 
as) comb. nov. (Aplanobacter rhizoctonia 
Thomas. Ohio Agr. Kxp. Sta. Bull. 359, 
1922, 211; Bacterium rhizoctonia Stapp, 
in Sorauer, Handbuch der Pflanzcnkrank- 
heiten, 5 Auf., 1928, 290; Phytomonas 
rhizoctonia Burkholder, Phytopath., iO, 
1930, 7.) From Gr. rhizo, root; clonus, 
murder. 

Rods: 0.5 to 0.85 by 1.4 to 1.9 microns. 
Nonmotile. Gram-negative. 


Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Nutrient agar colonies: Greenish-yel¬ 
low, later olive-buff, circular, raised, 
slightly viscid. 

Broth: I'urbid, pyrite yellow'. 

Milk: Alkaline; clears. 

Nitrites are produced from nitrates. 

Indole redaction very slight. 

No HiS formed. 

Starch: Potato starch slightly hy¬ 
drolyzed. 

Growth in 8 per cent salt. 

Optimum temperature 25® to 27®C. 
Maximum 38°C. Minimum 0°C. 

Source: Isolated from roots of lettuce 
showing the rosette disease. 

Habitat: Pathogenic on roots of let¬ 
tuce. 

106. Pseudomonas barkerl (Berridge) 
Clara. (Bacillus of pear blossom dis¬ 
ease, Barker and Grove, Ann. Appl. Biol., 
/, 1914, 94; Barker and Grove’s organism, 
Fridge, Ann. Appl. Biol., 4, 1917, 50; 
B, barkeri Berridge, Ann. Appl. Biol., 
//, 1924, 73; Phytomonas barkeri Bcrgey 
et al.. Manual, 3rd ed., 1930, 265; Bac¬ 
terium barkeri Elliott, Bacterial Plant 
Pathogens, 1930, 95; Clara, Science, 75, 
1934, 11.) Named for B. T. P. Barker 
who first reported the 8|>ecies. 

Description from Doidge (loc. cti.). 

Rods: 0.5 to 0.8 by 2 to 4 microns. 
.Motile with 1 to 4 polar flagella. Gram- 
negative (Burkholder), not Gram-posi¬ 
tive as stated. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar: Growth is white, feeble, flat, 
glistening, smooth edged. 

Broth: Slightly turbid in 24 hours. 

Milk: Slowly cleared. 

Nitrites not produced from nitrates. 

Indole not formed unless culture 
warmed. 

Starch slowly digested. 

Source: Barker made many cultures 
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liom blighted pear blosaoms. Doidge 
received a culture frmn Barker. 

Habitat: Cauaes a blossom blight of 
pear. 

107. Pseudomonas gladioli Severini. 
(Severini, Annali d. Bot.,.Rome, 11, 
1913, 420; Bacterium gladioli Elliott, 
Bact. Plant Pathogens, 1930, 132; Phyio- 
monos gladioli Magrou, in Hauduroy et 
al., Diet. d. Bact. Path., Paris, 1937, 
366.) From L. gladiolus, a little sword ; 
M. L. GfZadiolus, a generic name. 

Bods: 0.6 by 2.3 to 2.8 microns. Mo* 
tile with one or more polar flagella. 
Gram<negative. 

A pale yellow water-soluble pigment 
found, later orange. 

Gelatin colonies: Cream-colored, wart¬ 
like. Rapid liquefaction. 

Milk: Coagulated and slowly pep- 
tonised. 

Nitrites not produced from nitrates. 

Indole not formed. 

, , No gas. 

Aerobic. 

Optimum temperature 28'’ to 30'’C. 

Habitat: Causes a corm rot of gladiolus 
and other tubers. 

108. Pseudomonas mellea Johnson. 
(BaeUrium msUeum Johnson, Jour. Agr. 
Res., f5,1923,489; Johnson, loc. ciL, 489; 
Phytomonas mellea Bergey et al., Manual, 
3rd ed., 1930, 254.) From L. meUeus, of 
or belonging to honey, the color of the 
colonies. 

Rods: 0.6 by 1.8 microns. Capsules. 
Motile with 1 to 7 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefied. 

Potato - glucose agar: Abundant 
growth, smooth, glistening, viscid, honey- 
colored. 

Broth: Turbid in 24 hours. Pellicle. 

Milk: Alkaline; clears. 

Nitrites not produced from nitrates. 

Indole not formed. 


No H|S formed. 

Starch hydrolysis feeble. 

Growth inhibited by 4 per cent salt. 

Optimum temperature, 26^ to 28*C. 
Maximum Ad^C. 

Facultative anaerobe. 

Distinctive character: Differs from 
Pseudomonas pseudozoogloeae in that it 
produces on tobacco a brown instead of a 
black spot with a halo, is orange-yellow 
in culture, and turns milk alkaline. 

Source: Isolated fi^om brown rusty 
spots on tobacco in Wisconsin. 

Habitat: Pathogenic on leaves of to¬ 
bacco, Nieotiana tabacum. 

109. Pseudomonas betlis (Raguna- 
than) comb, nov, (Bacterium hetle 
Ragunathan, Ann. Roy. Card., Pera- 
deniya, Ceylon, 11, 1928, 51; Aplanbbae- 
ter belle Elliott, Bact. Plant Pathogens, 
1930, 4; Phytomonas betlis Magrou, in 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 337.) From Malayan, belle, 
betel, a kind of pepper, Piper belle. 

Rods: 0.5 by 1.5 to 2.5 microns, occur¬ 
ring singly or in short chains. Non- 
motile. Gram-negative. 

Green pigment formed in nutrient gela¬ 
tin and in broth. 

Gelatin: Liquefaction. 

Bovril agar colonies: Honey-yellow, 
circular at first, later echinulate. Raised, 
smooth and shiny. 

Broth: Surf^ becomes cloudy in 2 
days. Pellicle. 

No gas from lactose, maltose or sucrose. 

Starch is reduced. 

Aerobic. 

Source: Five cultures isolated from 
leaf spots on the betel vine. 

Habitat .'Pathogenic on the betel vine. 
Piper belle. 

110. Pseudomonas panacls (Takimoto) 
Dowson. (Bacterium panaxi Nakata 
and Takimoto, Bui. Agr. Sta. Chosen, 5, 
1922, 1; Phytomonas panaxi Magrou, in 
Hauduroy et al., Diet. d. Bact. Psth., 
Paris, 1937, 389; Dowson, Trans. Brit. 
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Myool. Soc., 26^ 1943, 10.) From Gr. 
panox (panicia), a plant heal-all; M. L. 
Panax, a generic name. 

Description from Elliott, Bact. Plant 
Pathogens, 1930, 173. 

Rods: 0.5 by 1.3 to 1.5 microns. Chains. 
Motile with 4 to 6 polar flagella. Gram- 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: Slight liquefaction. 

Agar colonies: White. 

Milk: Coagulated. 

No gas from sugars. 

Habitat: Causes a root rot of ginseng, 
Panaz quinqnefoUum. 

111. Pseudomonas aleuritidis (McCul¬ 
loch and Demaree) Stapp. {Bacterium 
aleuriiidia McCulloch and Demaree, 
Jour. Agr. Res., 4d, 1932, 339; Stapp, Hot. 
Rev., i, 1935, 408; Phytomonaa aleuriii- 
dia Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., Paris, 1937 , 328.) From 
Gr. aleuritea, of wheaten flour; M. L. 
Aleuriteat generic name. 

Rods: 0.6 to 0.7 by 1.1 to 3 microns. 
Motile with 1 to 5 polar, rarely bipolar, 
flagella. Capsules present. Gram-nega¬ 
tive. 

Green fluorescent pigment produced 
in certain media. 

Gelatin: Not liquefied. 

Beef agar slants: Growth is thin, white 
and viscid. 

Broth: A heavy white surface growth 
in 24 hours. Sediment. 

Milk: Becomes alkaline, but no sep¬ 
aration. 

Nitrites are produced from nitrates. 

Indole test feebly positive. 

Hydrogen sulfide test feebly positive. 

Acid but no gas from glucose, galac¬ 
tose and glycerol. Slow acid production 
from sucrose, maltose and lactose. 

Starch hydrolysis feeble. 

Optimum temperature 27** to 28^C. 
Maximum temperature 37*^C. 

Optimum pH 6.2 to 6.8. pH range 5.4 

toM. 


Source: Isolations from naturally in¬ 
fected tung oil trees in Georgia. 

Habitat: Pathogenic on the tung oil 
tree {AUuritea fordi), on the bean 
(Phaacolua vulgaria) and the castor bean 
(Hicinua communis), 

112. Pseudomonas glycines Coerper. 
{Bacterium glycineum (^Hjrper, Jour. 
.Agric. Research, 18, 1919, 188; Coer- 
rK*r, loc. cil., 188; Phytomonaa glycinea 
Burkholder, Phytopath., 16, 1926, 922.) 
From glycys, sweet; ine, like; M.L. 
Glycine, generic name. 

Synonym: Bacterium aojae Wolf, Phy¬ 
topath., 10, 1920, 132 {Phytomonaa aojae 
Burkholder, Phytopath., 16, 1926, 922; 
Pseudomonas aojae Stapp, in Sorauer, 
Haiidb. (i. Pflanzenkrankheiten, 2, 5 
Aufl., 1928, 174). Sec Elliott, Bact. 
Plant Pathogens, 1930, 134; and Shunk 
and Wolf, Phyto;)ath., 11, 1921, 18. 

Rods: 1.2 to 1.5 by 2.3 to 3 microns. 
Motile with polar flagella. Gram-nega¬ 
tive. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Not liquefied. 

Beef-peptone agar colonies: Appear 
in 24 liours. Circular, creamy white, 
smooth, Fhining and convex. Margins 
entire. Butyrous in consistency. 

Milk: Litmus turns blue and later a 
separation of the milk occurs. Casein not 
digested. 

Nitrites not produced from nitrates. 

Indole test fo(‘hly positive. 

Not lipolytic (Starr and Burkholder, 
Phytopath., Si, 1942, 601). 

Starch not hydrolyzed. . 

Acid from glucose and sucrose. 

Optimum tem|)crature 24® to 26®C. 
Maximum XVC. Minimum 2®C. 

Facultative anaerobe. 

Source: A number of cultures isolated 
from soy beans in Wisconsin. 

Habitat: Pathogenic on soybean, Gly¬ 
cine max {Soja max), 

112a. Paevdomonaa glycinea var. 
japonica (Takimoto) comb, nov, (Rnc- 
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(en'um 9oyae var. japanieum Takimoto, 
Jour. Plant Protect. Tokyo, /-f, 1927, 
556; Bacterium glycineum var. japanieum 
Elliott, Pact. Plant Pkthogens, 1930,136; 
Phytamanaa glycinea var. japanica Ma- 
grou, in Hauduroy et al.. Diet. d. Pact. 
PAth., P^ris, 1937, 368.) From M. L. 
Japanicus, Japanese. 

Distinctive characters: Differs slightly 
from Pseudomonas glycinea in size of cell, 
length of chains, action in milk, and color 
in media. Okabe (Jour. Soc. Trop. 
Agr., Formosa, 5, 1933, 162) gives a de¬ 
scription of the organism which leads one 
to believe the differences are not great 
enough to be varietal. 

Source: Isolated from leaf spots on soy 
bean in Formosa. 

Habitat: Pathogenic on soy bean, Gly¬ 
cine max. 

113. Pseudomonas savastanol (Erw. 
Smith) Stevens. (Bacterium savastanoi 
Erw. Smith, U. S. Dept. Agr. Plant Ind. 
Pull. 131, 1908, 31; Stevens, The Fungi 
which Cause Plant Diseases. 1913, 33; 
Phytomonas savastanoi Bergey et al.. 
Manual, Ist ed., 1923, 190.) Named for 
F. Savastano, the Italian plant path¬ 
ologist. 

Note: Smith (loc. cit.) lists and dis¬ 
cards the following species since they were 
either mixed cultures or names with no 
descriptions; Bacterium oleae Arcangeli, 
Istit. Pot. delle li. Univ. di Pisa, lii- 
cerche c Lavori, fasc. I, 1886, 109; Bacil¬ 
lus oleae tuberculosis Savastano, Atti. 
R. Accad. Naz. Lincei Rend. Cl. Sci. Fis., 
Mat. e Nat., 5, 1889, 92; Bacillus pril- 
lieuxianus Trevisan, Igcneri e le specie 
delle Patteriacce, Milano, 1889, 19; 
BaciUus oleae De Toni and Trevisan, in 
Saccardo. Sylloge Fungorum, 8, 1889, 
982. 

Description from Prown, Jour. Agr. 
Res., U, 1932, 711. 

Rods: 0.4 to 0.8 by 1.2 to 3.3 microns. 
Motile with 1 to 4 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment found in 
culture. 


Gelatin: No liquefaction. 

Peef agar colonies: White, smooth, 
flat, glistening, margins erose or entire. 

Proth: Turbid on the second day. No 
pellicle or ring. 

Milk: Becomes alkaline. 

Nitrites not produced from nitrates. 
No H|S produced. 

Acid but not gas from glucose, galac¬ 
tose and sucrose. 

Starch is hydrolyzed. 

Optimum temperature 23"* to 24'’C. 
Maximum 32®C. Minimum TC. 

Optimum pH 6.8 to 7.0. Maximum 8.5. 
Minimum 5.6. 

Aerobic. 

Source: Smith isolated his cultures 
from olive galls collected in California. 
Habitat: l^athogenic on olive. 

113a. Pseudomonas savastanoi var. 
fraxini (Brown) Dowson. (Bacterium 
savastanoi var. fraxini Brown, Jour. 
Agr. Res., 44> 1932, 721; Phytomonas 
savastanoi var. fraxini Magrou, in Haii- 
duroy et al., Diet. d. Bact. Path., Paris, 
1937, 410; Pseudomonas fraxini Skoric, 
Ann. Exp. For. Zagreb, 8, 1938, 66; Dow¬ 
son, Trans. Brit. Mycol. Soc., 26, 1943, 
ll.) From M. L. Fraxtnus, a generic 
name. 

‘Distinctive characters: Differs but 
slightly from Pseudomonas savastanoi, 
but is pathogenic on ash and not on olive. 

Source: Three cultures isolated from 
cankers on ash. 

Habitat: Pathogenic on ash, Fraxtnus 
excelsior and F, americana. 

114. Pseudomonas tonelllana (Fer- 
raris) comb. nov. (Bacterium tonellianum 
Ferraris, Trattato di Patologia c Terapia 
Vegetale, 3rd ed., /, 1926, 104; Phytomo¬ 
nas tonelliana Adams and Pugsley, Jour. 
Dept. Agr. Victoria, St, 1934, 304.) 
Named for Tonelli, the Italian botanist. 

Synonym: Pseudomonas savastanoi 

var. nerii C. O. Smith, Phytopath., 18, 
1928, 503. 

Description from Smith (loc. cit.) un¬ 
less otherwise noted 
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Rods: 0.5 to 0.6 by 1.5 to 2.5 microns. 
Motile with 1 to 3 polar flagella. Oram¬ 
negative (Adams and Pugslcy, loe. cit.). 

Gelatin: No liquefaction. 

Potato glucose agar colonies: Flat, 
circular, shining, margins somewhat un¬ 
dulated. 

Broth: Dense clouding with partial 
pellicle. 

Milk: Alkaline. No separation. 

Nitrites not pnxluccd from nitrates 
(Adams and Pugsley). 

Indole produced. Not produced (Adams 
and Pugsley). 

Acid but not gas from glucose and 
sucrose. No acid from lactose (Adams 
and Pugsley). 

Starch not hydrolyzed (Adams and 
Pugsley). 

Distinctive character: Pseudomonas 
savastanoi is similar in culture but is not 
pathogenic on oleanilers. 

Source: Both Ferraris and C. O. Smith 
isolated the pathogen from galls on olean¬ 
der. 

Habitat: Pathogenic on oleander, 

Nerium oleander. 

115. Pseudomonas calendulae (Taki- 
moto) Dowson. (Bacterium calendulae 
Takimoto, Ann. PhytojMith. Soc. Japan, 
5, 1936, 341; Phylomonas calendulae 
Burkholder, in Manual, 5th ed., 1939, 
201; Dowson, Trans. Brit. Mycol. Soc., 
i6, 1943, 9.) From l4itin, calendae^ 
throughout the month; M.L! Calendula^ 
a generic name. 

Rods: 0.5 by 1 to 2 microns. Motile 
with 1 to 3 polar flagella. Gram-nega¬ 
tive. 

Green fluorescent pigment produced 
in Uschinsky's and in Cohn’s solutions. 

Gelatin: Not liquefied. 

Agar colonies: Citcular, smooth, flat, 
dirty white. 

Broth: Turbid. 

Milk: No coagulation. 

Nitrites not produced from nitrates. 

Indole formed in small amount. 

No produced. 


Acid but not gas from glucose and 
glycerol. No acid from lactose or sucrose. 

Starch not hydrolyzed. 

Optimum temperature 27® to 30®C. 
Maximum 37®C., Minimum 0® to 7®C. 

Habitat: Pathogenic on marigolds. 

Calendula officinalis. 

116. Pseudomonas cichorii (Swingle) 
Stapp. (Phylomonas cichorii Swingle, 
Phytopath., 15, 1925, 730; Stapp, in Sor- 
auer, Handbuchder Pflanzenkrankheiten, 
2, 5 Auf., 1928, 291; Bacterium cichorii 
Elliott, Bact. Plant Pathogens, 1930, 
112.) From Gr. cickoria, chicory; M. 
L. Ctchoriurn^ generic name. 

Probable synonyms: Pseudomonas cn- 
diviae Kotte, Phyt. Ztschr., /, 1930, 609; 
Phylomonas endiviae (Kotte) Clara, 
Cornell Agr. Exp. Sta. Mem. 159,1934, 
26; and Bacterium formosanitm Okabe, 
.lour. Soc. Trop. .Vgr., Formosa, 7, 1935, 
65. 

Description from Cla»*a (lac. cit.) which 
is a description of a culture of Pseudo- 
monas endtviae from Kotte. Swingle’s 
description is very meager. 

Rods: 0.75 to 1.5 by 1.5 to 3.75 microns. 
Motile with 1 or 2 polar flagella. Gram- 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: No liquefaction. 

Beef-extract agar colonies: Circular, 
grayish-white with bluish tinge, raised 
with slightly irregular edges. 

Broth: Turbid in 36 hours with a 
smooth viscous pellicle. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HjS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 3f, 1942, 601). 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, xy¬ 
lose, mannitol and glycerol. Alkaline 
production from salts of acetic, citric, 
lactic, mafic, succinic and tartaric acids. 
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RhamiKMie, maltoee, suoroM, Iaotose» nif- 
fiaoee and aalioin not utilised. 

Starch not hydrolysed. 

Slight growth in broth plus 6 per cent 
NaCl. 

Optimum pH 6.8 to 7.1. Maximum 

O. 2 to 9.4. Minimum 5.0 to 5.3 (Kotte, 
Phyt. Ztsch., M, 1030, 453). 

Facultative anaerol^. 

Distinctive characters; Differs from 
Pseudomonas intybi in that it does not 
liquefy gelatin or reduce nitrates to ni¬ 
trites. 

Source: Isolated from rot of French 
endive, Cichorium iniybus by Swingle 
and by Okabe, and from C. endivia by 
Kotte. 

Habitat: Pathogenic on endive, lettuce 
and larkspur. 

117. Pseudomonas cissicola (Taki- 
moto) comb. nos. (Aplanobacter cissicola 
Takimoto, Ann. Phytopath. Soc. Japan., 

P, 1939, 43.) From Greek, cissus, ivy; 
M. L. Cissus a generic name. 

Rods: OA to 0.9 by 1.0 to 2.0 microns. 
Non*motile. Capsules. Gram-negative. 

Green fluorescent pigment formed in 
Uschinsky’s solution. 

Gelatin: No liquefaction. 

Potato-extract agar colonies: Circular, 
convex, smooth, and dirty white. 

Broth: Feeble clouding followed by 
precipitation of pellicle and rim. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not produced. 

No acid nor gas from sucrose, glucose, 
lactose and glycerol. 

Starch is not digested. 

Salt toleration is 3 per cent. 

Optimum temperature 30^C. Maxi¬ 
mum 35X. Minimum lO^C. Thermal 
death point 49*" to fiO^'C. 

Source: Isolated from black spots on 
leaves of Japanese ivy, Cissus japonica in 
Japan. 

Habitat: Pathogenic only on Cissus 
japonica, 

118. Pseudonumas nectaroplilla 
(Dmdge) Rosen and Bleeker. (Roc- 


ierium neetarophila Doidge, Ann. Appl. 
Biol., 4, 1917, 73; Phytomonas nectaro- 
phUa Bergey et al., Manual, 3rd ed., 
1930, 262; Rosen and Bleeker, Jour. Agr. 
Res., 4S, 1933, 98.) From Gr. nectar, 
nectar; philus, loving. 

Rods: 0.5 to 0.7 by 0.6 to 1.5 microns. 
Motile with 1 to 5 polar flagella. Cap¬ 
sules. Gram-negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: No liquefaction. 

Nutrient agar colonies: Yellowish- 
white, wet-shining, smooth, margins ir¬ 
regular. 

Broth: Heavy turbidity in 24 hours. 
Sediment. 

Milk: Cleared. 

Nitrites not produced from nitrates. 

Indole not formed. 

Acid from glucose and galactose. No 
acid from sucrose. 

Starch hydrolysis feeble. 

Optimum temperature 25 to 30°C. 

Facultative anaerobe. 

Distinctive character: Differs from 
Pseudomonas barkeri in that it does not 
liquefy gelatin, nor produce indole. Pro¬ 
duces capsules. 

Source: Isolated from blighted pear 
blossoms in South Africa. 

Habitat: Pathogenic on pear blossoms. 

119. Pseudomonas vibumi (Thorn- 
berry and Anderson) Stapp. (Phytomonas 
viburni Thornberry and Anderson, Phy¬ 
topath., 21, 1931, 912; Stapp, Bot. Rev., 
1, 1935, 407; Bacterium vibumi BurgwiU, 
Phytopathogenic Bacteria, Leningrad, 
1935, 160.) From L. viburnum, the way¬ 
faring tree; M. L. Viburnum, a generic 
name. 

Rods: 0.5 to 1.0 by 1 to 2.0 microns. 
Capsules present. Motile with 2 to 4 
polar flagella. Gram-negative (Burk¬ 
holder); not Gram-positive as stated. 

Green fluorescent pigment produced in 
culture (Burkholder). 

Gelatin: No liquefaction. 

Glucose beef-extract colonies: Dull 
gray, circidar, edges entifs. 
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Broth: Turbid with pellicle. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HtS formed. 

Not lipol 3 rtio (Starr and Burkholder, 
Phytopath., Si, 1942, 601). 

Acid from glucose and galactose, but 
not sucrose (Burkholder). 

Starch: No hydrolysis. 

Slight growth in 3.6 per cent salt 
(Burkholder). 

Optimum temperature 25^0. Mini¬ 
mum 12^0. Maximum 35^0. 

Aerobic. 

Source: Isolated from angular leaf 
spots and stem lesions on arrow-wood. 
Viburnum opulus, etc. 

Habitat: Pathogenic on Viburtiumspp. 

120. Pseudomonas morl (Boyer and 
Lambert) Stevens. (Bacterium mart 
Boyer and Lambert, Compt. rend. Acad. 
Sci. Paris, 117, 1893, 342; Bacterium mart 
Boyer and I^ambert emend, Erw. Smith, 
Science, 5/, 1910,792; Stevens, The Fungi 
which Cause Plant Diseases, 1913, 30; 
Bacillus mori Holland. Jour. Bact , 5, 
1920, 222; Phytamonas tnori Borgey ct 
al.. Manual, 1st ed., 1923, 191.) From 
Or. morum, mulberry; M. L. Morus, a 
generic name. 

Synonyms: Elliott (Bact. Plant Path¬ 
ogens, 1930, 166) lists Bacillus cuboni- 
anus Macchiati, Stas. Sperim. Agr. Ital., 
iS, 1892, 228 (Macchiati described the 
disease due to Pseudomonas mori, but 
gave an incorrect description of the patho¬ 
gen); also Bacterium cubonianum Fer- 
raris, Curiano le Plante, 0 , 1928, 180 
(Ferraris uses Macchiati *8 name but the 
description of Pseudomonas mori). 

Description from Smith (loc. cit.). 

Rods: 0.9 to 1.3 by 1.8 to 4.5 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Notliquehed. 

Agar colonies: White, slow-growing, 
smooth^ flat, edges entire becoming un¬ 
dulate. 


Milk: Becomes alkaline and clears. 

Nitrites not produced from nitrates. 

Indole none or feeble production. 

Hydrogen sulfide not produced (Okabe, 
Jour. Soc. Trop. Agr., 5, 1933, 166). 

No growth in broth plus 4 per cent salt 
(Okabe, loe. eit.). 

No gas from carbohydrates. 

Temperature range 1^0 to 35^0. 

Source: Smith isolated the pathogen 
from blighted shoots of mulberry from 
Georgia. Also received cultures frmn 
Arkansas and the Pacific Coast. 

Habitat: Pathogenic on mulberry. 

Moms. 

121. Pseudomonas stlzolobU (Wolf) 
comb. nov. (Aplanobacter stizolobii Wolf, 
Phytopath., 10, 1920, 79; Bacterium stiz- 
olobii McCulloch, Phytopath., 18, 1928, 
460; Phytomonas stizolohii Bergey et al., 
Manual, 3rd ed., 1930, 280.) From Gr. 
stizo, to prick; lobium, a little lobe; 
Stizolobium, a generic name. 

Hods: 0.6 to 0.7 by 1.0 to 1.6 microns. 
Xon-motile (Wolf). Motile with a short 
polar flagellum (McCulloch). Capsules. 
Gram-negative. 

Gelatin: No liquefaction. 

Agar colonies: Circular, smooth, white, 
raised and opaque. Margins entire to 
slightly undulate. 

Broth: Slightly turbid throughout. No 
pellicle or ring. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

No acid or gas in peptone broth plus 
sugars. 

Starch not hydrolyzed. 

Optimum temperature 25^ to 28^C. 

Distinctive characters: Differs from 
Pseudomonas sojae (Pseudomonas gly- 
ctnea) in the smaller size of cell, and 
absence of pellicle and dense clouding of 
broth. The pathogen does not infect 
soy bean. 

Source: Isolated from the leaf spot of 
velvet bean. 

Habitat: Pathogenic on velvet bean, 
SHioUbium doennfianium^ 
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122. Pseudomonas vlclae Uyeda. 
(Uyeda in Takimoto, Jour. Plant Pro¬ 
tect., Japan, F, 1915, S45; Bacterium vi- 
ciae Nakata, see Elliott, Bact. Plant 
Pathogens, 1930, 259; Phytomanas viciae 
Magrou, in Hauduroy et al.. Diet. d. Bact. 
Path., IViris, 1937, 430.) From L. vieia^ 
vetch; M. L. Ftcta, a generic name. 

Rods: 0.5 to 0.8 by 1.2 to 2.0 microns. 
Motile with 2 to 4 polar flagella. Gram¬ 
positive. 

Green fluorescent pigment produced in 
culture. 

Gelatin colonies: Pale white, glisten¬ 
ing, Anally turning brown. No liquefac¬ 
tion. 

Milk: Coagulates and clears. 

Nitrites not produced from nitrates. 
No HsS produced. 

Facultative anaerobe. 

Habitat: Pathogenic on the broad 
bean (Ficia/a6o), the turnip (Brassica 
rapa)^ the carrot (Daucue carota) and the 
sweet potato (Ipomoea halatas). 

123. Pseudomonas alliicola Burk¬ 
holder. (Burkholder, Phytopath., 5F, 
1942, 146; Phytomonas alliicola Burk¬ 
holder, ibid,) From L. allium, onion; 
-cola, dweller. 

Rods: 0.7 to 1.4 by 1.05 to 2.8 microns. 
Motile with 1 to several polar flagella, at 
times bi-polar. Gram-negative. 

Gelatin: Liquefaction. 

Beef-ex tract peptone agar streaks: 
Moderate in growth, white at Arst, later 
dirty in appearance, edges wavy, consist¬ 
ency viscid. Medium deep brown. 

Potato-glucose agar frequently be¬ 
comes greenish. 

Broth: Turbid with light pellicle. 
Brown. 

Milk: Cleared and litmus reduced. 
Neutral. 

Nitrites produced from nitrates. 

Indole not produced. 

Hydrogen sulAde not produced. 

Lipolytic action very strong. 

Acid but no gas from 1-arabinose, d- 
i^lose, rhamnose, glucose, d-galactose, 
fructose, d-lactose, maltose, sucrose. 


glycerol, mannitol and salicin. Alkali 
from salts of acetic, citric, formic, hip- 
puric, lactic, malic, succinic, tartaric 
acids. 

Starch not hydrolysed. 

Slight growth in broth plus 4 per cent 
salt. 

Aerobic. 

Optimum temperature 30'’C. Maxi¬ 
mum 41 ®C. Minimum 5®C. 

Source: Seven isolates from storage 
rot of onion bulbs. 

Habitat: Pathogenic on onion bulbs, 
Allium cepa, 

124. Pseudomonas gardeniae Burk¬ 
holder and Pi rone. (Burkholder and 
Pirone, Phytopath., SI, 1941, 194; Phyto- 
monos gardeniae Burkholder and Pirone, 
ibid.) From M. L. Gardenia, a generic 
name. 

Rods: 0.75 by 2.4 microns. Motile 
with 1 to 2 polar flagella. Gram-nega¬ 
tive. 

Gelatin: Liquefaction. 

Beef-extract peptone agar colonies: 
Growth fair, white to dirty gray and vis¬ 
cid. Medium becoming dark brown. 

Potato-glucose agar: No brown color. 

Broth: Turbid with pellicle. Dark 
brown. 

Milk: Soft curd with pellicle. Clears 
in zones. Litmus reduced. 

Nitrites produced from nitrates. 

Hydrogen sulAde not produced. 

Indole not formed. 

Acid from glucose, galactose, xylose, 
rhamnose, sucrose, maltose, mannitol, 
glycerol, and salicin. Alkali produced 
from the salts of citric, malic, malonic, 
succinic, tartaric and hyppuric acids. 
Good growth in tyrosine and in aspara¬ 
gine broth. 

Starch is not hydrolyzed. 

Aerobic. 

Source: Eight isolates from leaf spots 
of gardenias in New Jersey. 

Habitat: Pathogenic on leaves of Oar- 
denia jasminoides, 

125 Pseudomonaa caryophyUi Burk¬ 
holder. (Burkholder, Phjrtopath., M, 
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1941, 143; Phytomonas caryophylli, 

Burkholder, ibid,) From M. L. Caryo- 
pkylluB, an old generic name. 

Rods: 0.35 to 0.95 by 1.05 to 3.18 mi¬ 
crons. At times slightly curved. Motile 
with 1 to several polar flagella. Fre¬ 
quently bipolar. Gram-negative. 

Gelatin: Liquefaction after 3 to 4 
weeks. 

Potato glucose agar colonies: 3 to 4 
mm in diameter, circular, smooth, glis¬ 
tening, edges entire. Color is tan to gray 
mauve. Old culture dark brown. Con¬ 
sistency butyrous. 

Broth: Turbid with a white sediment. 

Milk: Litmus slowly becomes blue. 
Slight reduction at bottom of tube. No 
clearing. 

Nitrites produced from nitrates. Also 
ammonia and gas are produced in a 
synthetic nitrate medium. Asparagine, 
KNO, and NHilLPOi can be utilized. 

Indole not formed. 

Hydrogen sulfide not formed. 

Lipolytic action slight to moderate. 

Acid from l-arabinose, d-xylose, rham- 
nose, glucose, d-galactose, fructose, d- 
lactose, maltose, and sucrose, glycerol, 
mannitol, and salicin. Alkali with so¬ 
dium salts of acetic, citric, formic, hip- 
puric, lactic, malic, maleic, succinic and 
tartaric acid. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 30® to 33®C. 
Maximum 46®C. Minimum 5®C. or less. 

Slight growth in broth plus 3.5 per cent 
salt. 

Source: Isolated first by L. K. Jones 
and later by W. H. Burkholder from 
dying carnation plants from Spokane, 
Washington. Twelve isolates used in 
description. 

Habitat: Pathogenic on roots and 

stalks of the carnation, DianihuB earyo- 
phylluB. 

126. Pseudomonas solanacearum Erw. 
Smith. {BacUluB Bolanacearum Erw. 
Smith, U. S. Dept. Agr., Div. Veg. Phys. 
and Path., Bui. 12, 1806, 10; Bacterium 


Bolanacearum Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 0, 1807, 73; Erw. 
Smith, Bacteria in Relation to Plant 
Diseases, 5, 1914, 178; Phylmrunuu so- 
lanacearum Bergey et al.. Manual, 1st 
ed., 1023, 186.) From L. golanum night* 
shade; M. L. Solanaceae, a plant family. 

Probable synonyms: Elliott (Bact. 
Plant Pathogens, 1930, 203) lists the 
following: Bacillus nicotianae Uyeda, 
Cent. f. Bakt., II Abt., IS, 1904, 327; 
Bacillus sesami MalkofT and Pseudo¬ 
monas sesami Malkoflf, Cent. f. Bakt., 
II Abt., 16, 1906, 664; Bacillus musae 
Rorer, Phytopath., I, 1911, 45; BacUluc 
musarum Zeman, Rev. Facul. Agr. Univ., 
La Plat, H, 1921, 17; Erwinia nicotianae 
Bergey et al.. Manual, 1st ed., 1923, 172; 
Phytomonas ricini Archibald, Trop. Agr., 
Trinidad, 1927, 124. 

Description taken from Elliott (loc. 
cit,). 

Rods: 0.5 to 1.5 microns. Motile with 
a polar flagellum. Gram-negative. 

Gelatin: Nakata (Jour. Sci. Agr. Soc. 
Tokyo, S94, 1927, 216) states there are 
two forms, one of which show's slight 
liquefaction. The other shows no lique¬ 
faction. 

Agar colonies: Small, irregular, round¬ 
ish, smooth, wet-shining, opalescent, 
becoming browrn. 

Broth: Slight pellicle. Broth turns 
browrn. 

Milk: Cleared without precipitation 
of casein. 

Nitrites produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not produced (Burk¬ 
holder). 

Glucose, sucrose, glycerol, sodium 
citrate, peptone, tyrosine, asparagine and 
glutanic acid are utilized (Mushin, Aus¬ 
tral. Jour. Expt. Biol, and Med.» 16, 
1938, 325). 

Nitrogen sources utilized are ammonia, 
nitrates (KNOi) asparagine, tyrosine, 
peptone and glutamic acid, but not potas¬ 
sium nitrite (Mushin, be. eif.). 

Starch not hsrdrolysed. 
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Optimum temperature 35® to 37®C. 
Maximum 41®C. Minimum 10®C. 
Pathogenicity readily lost in culture. 
Source: Isolated from brown-rot of 
solanaceous plants. 

Habitat: Soil pathogen in mrm moist 
climates attacking numerous species of 
plants, especially potato, tobacco, and 
tomato. 

125a. Pseudomonas solanacearum 
var. asiatica (Erw. Smith) Stapp. (Bac- 
terium solanacearum var. asiaticum Erw. 
Smith, Bact. in Relation to Plant Dis¬ 
eases, 5, 1914, 232; Stapp, in Sorauer, 
Handbuch dcr Pflanzenkrankheiten, 

5 Auf., 1928, 253; Phytomonas solana¬ 
cearum var. os tat tea Mogrou, in Hau- 
duroy ct al., Diet. d. Bact. Path., Paris, 
1937, 414.) From Gr. asialicus^ asiatic. 

Distinctive characters: Differs from 
Pseudomonas solanacearum in that it 
turns litmus milk and cream red. 

Source: Isolated by J. A. Honing from 
diseased tobacco olants in Medan, Suma¬ 
tra. 

127. Pseudomonas castaneae (Kawa- 
mura) comb, nov. (Bacterium castaneae 
Kawamura, Ann. Phytopath. Soc. Japan, 
5, 1934, 15; Phytomonas castaneae Ma- 
grou, in Hauduroy ct al., Diet. d. Bact. 
Path., Paris, 1937, 343.) From M. L. 
Castanea, a generic name. 

Rods: 0.8 to 1.2 by 1.0 to 1.8 microns. 
Motile with 1 to 5 polar flagella. Gram¬ 
negative. 

Gelatin: Liquefied. 

Beef agar colonies: White, circular, 
edges slightly undulate, viscid. 

Milk: No coagulation. Peptonized. 
Acid but not gas from glucose, sucrose 
and glycerol. No acid from lactose. 

Optimum temperature 25® to 27®C. 
Maximum 35®C. Minimum 3®C. 
Facultative anaerobe. 

Habitat: Causes water-soaked spotting 
on leaves and shoots of chestnut, Cos* 
tanea, 

128. Pseudomonas seminum Cayley. 
(Cayley, Jour. Agr. Sci., 8, 1917, 461; 
BaeUrium seminum Stevenson, Foreign 


Plant Dis., U.S.D.A. Office of Sec’y., 
1926, 141; Phytomonas seminum Bergoy 
et al.. Manual, 3rd ed., 1930, 272.) From 
L. semen (seminus) seed. 

« Rods: 1.0 by 4.0 to 5.0 microns. Spore* 
like bodies present. CTapsules. Motile 
with a single flagellum. Gram-positive. 

Gelatin: Rapid liquefaction. 

Agar colonies: White, more or less 
circular, transparent, spreading. 

Broth: Turbid. Pellicle. 

Litmus milk: Milk becomes clear and 
apricot color. 

Xitptes produced from nitrates. 

Acid but not gzis from glucose and 
sucrose. No acid from lactose. 

Starch: No hydrolysis. 

Optimum temperature 25®C. 

Facultative anaerobe. 

Source: Isolated from seeds, stems and 
pods of diseased peas in England. 

Habitat: Pathogenic on peas. 

129. Pseudomonas passiflorae (Reid) 
comb. nov. (Phytomonas jiassiflorae Reid, 
New Zealand Jour. Sci. and Tech., 2$^ 
1939, 264h.) From L. passio, passion; 
flora, flower; M. L. Passiflora, a generic 
name. 

Rods: 0.2 to 0.5 by 1.2 to 3.2 microns. 
Motile with 1 to 5 pt)lar flagella. Cap¬ 
sules present. Gram-negative. 

Gelatin: Liquefied. 

Beef-peptone agar colonies: Small, flat, 
smooth, dry, shining, translucent, gray¬ 
ish and butyrous. 

Broth ; Turbid in 4 days. Transient 
pellicle. 

Milk: Slightly alkaline. No coagula¬ 
tion nor clearing. 

Nitrites not produced from nitrates. 
No growth on synthetic nitrate agar. 

Indole not formed. 

Hydrogen sulfide not formed. 

Acid reaction occurs in galactose, stareh 
and sucrose. No gas. 

Starch is not hydrolysed. 

Source: From diseased loaves and fruit 
of the passion-fruit in New Zealand. 

Habitat: Plathogenic on Paseiflam 
eduiis. 
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130. PteudomonM fabae (Yu) comb, 
nov, (Phylonumaa fabae Yu, Bull, of the 
Chinese Bot. Soc., 1936, 34.) From 
Latin, faba bean. 

Rods: 0.8 to 1.1 by 1.1 to 2.8 microns. 
Motile with 1 to 4 polar flagella. Gram¬ 
negative. 

Gelatin: Liquefied. 

Nutrient agar colonies: Circular, en¬ 
tire, viscid, glistening, raised, smooth to 
wrinkled, white to salmon. Medium 
amber. 

Broth: Turbid after 12 hours. Pellicle. 

Milk: Growth slow. Clears. 

Nitrites produced from nitrates. 

Indole production slight. 

Hydrogen sulfide not produced. 

Acid but not gas from glucose. No 
acid nor gas developed from arabinose, 
xylose, fructose, galactose, sucrose, 
lactose, maltose, raffinose, dextrin, in- 
ulin, mannitol or adonitol in a 1 per cent 
Bacto-peptone broth. 

Starch: Very weak diastatie action. 

Optimum temperature 35^C. Maxi¬ 
mum 37 to 38*C. Minimum 4^. Ther¬ 
mal death point 52 to fiS^’C 

Aerobic. 

Growth retarded in 2 per cent salt. 
Very slight grow^th in 3 per cent salt. 

Source: From diseased broad beans 
at Nanking, China. 

Habitat: Pathogenic on broad or Wind¬ 
sor bean, Viciafaba, 

131. Pseudomonas astragali (Taki- 
moto) comb, nov. {Bacterium aalragali 
Takimoto, Jour. Plant Protect., /7, 1930, 
732; Phytomonae aatragali Burkholder, 
in Manual, 5th ed., 1939, 197.) From 
M. L. Aiiragalua, a generic name. 

Description translated by Dr. K. 
Togaahi. 

Rods: 0.7 to 0.8 by 1.2 to 2.2 microns. 
Motile, with 1 or 2 flagella. Gram- 
negative. 

Gelatin: Liquefied. 

Agar plates: Growth somewhat slow, 
eolorleos or grayish-white, entire maigins, 
more or less aqueous, butyrous. 


Uschinsky*s medium: Growth vigorous, 
turbid, not viscid, ring, and sediment. 

Milk: No coagulation of casein, slow 
digestion. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced in small 
amount. 

No acid or gas from glucose, sucrose, 
lactose and glycerol in broth. 

Starch not hydrolyzed. 

Temperature relations: Minimum be¬ 
low 5® and maximum 33®C. Thermal 
death point 50® to 51®C. 

Aerobic. 

Source: Species isolated from Astra- 
gains sp. 

Habitat: Causes a black leaf-spot of 
Astragalus sp. 

132. Pseudomonas columae (Thorn- 
berry and Anderson) comh. nov. {Phyto- 
monas colurnae Thornberry and Ander¬ 
son, Phytopath., 27, 1937, 948.) From 
the species, Corylns columa. 

Rods: 0.8 to 1.0 by 1.0 to 1.8 microns. 
Single, in pairs or chains. Capsules. 
Motile with 1 to 2 polar flagella. Gram¬ 
negative. 

Gelatin: Liquified. 

Glucose agar slants: Growth filiform, 
raised, dull, smooth, opaque and viscid. 

Broth: Moderate turbidity. Ring, 

Milk: Peptonization complete with 

acid production. No reduction of litmus 
nor coagulation. 

Nitrites not produced from nitrates. 

Indole not produced. 

Hydrogen sulfide not produced. 

No appreciable amount of gas from 
xylose, glucose, sucrose or glycerol. 

Starch hydrolyzed. 

Optimum temperature 21®C. Mini* 
mum 5®C. Ma.ximum 35®C. Thermal 
death point 50®C. 

Aerobic. 

Source: From leaves and young stems 
of the Turkish hazelnut in Illinois. 

Habitat: Pathogenic on the TurUah 
haaelauti Ccrylms columa. 
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133. Pseudomonas maoblancU (Foex 
and Lansade) comb. nov. {Bacttrium 
maublancii Foex and Lansade, Comp, 
rend. Acad. Sci. Pbris, iOi, 19^, 2174; 
Fhytomonas maublancii Burkholder, in 
Manual, 5th ed., 1939, 198.) Named for 
M. Maublanc, French colonial plant 
pathologist. 

Rods: 0.4 by 1.3 microns. Motile with 
1 to 3 polar flagella. Gram-negative. 
Gelatin: Liquefied. 

Gelatin colonies: Round, translucent» 
margins entire. 

Broth: Thin pellicle. 

Milk: Not coagulated; clears. 

Nitrites not produced from nitrates. 
Indole not formed. 

No HjS formed. 

Carbohydrates not fermented. 
Ammonia produced. 

Growth in Fermi's solution, not in Us- 
chinsky's solution. 

Source: Isolated from rotting vascular 
and parenchymatic tissue of banana 
•talks. 

Habitat: Causes a disease of the 

banana plant. 

134. Pseudomonas polygon! (Thorn- 
berry and Anderson) cornb. nov. (Phyto- 
monaa polygani Thornberry and Ander¬ 
son, Phytopath., F7, 1937, 947.) From 
Gr. polygonum, knot-weed; M. L. Poly- 
gonum, a generic name. 

Rods: 0.5 to 1.5 by 1.5 to 2.5 microns. 
Motile with 2 to 8 bi-polar flagella. Cap¬ 
sules. Gram-positive (?). Other spe¬ 
cies reported by these investigators as 
Gram-positive have proved to be Gram¬ 
negative on a retest (Burkholder). 
Gelatin: Liquified. Brown. 

Glucose agar slant: Abundant, fili¬ 
form, flat, dull, smooth, pale olive-gray, 
butyrous. Medium turns brown. 

Broth: Turbid. Pellicle. 

Milk: Alkaline and clears. Litmus 
not reduced. 

Nitrites not produced from nitrates. 
Indole not formed. 

Hydrogen sulfide not produced. 


No appreciable amount of gas from car¬ 
bohydrates. 

Starch: No hydrolysis. 

Optimum temperatures 18*'C. Mini¬ 
mum 7®C. Maximum 35®C. 

Aerobic. 

Source: From diseased leaves of Poly- 
gonum convolvulus in Illinois. 

Habitat: Pathogenic on black bind¬ 
weed, Polygonum convolvulus. 

135. Pseudomonas iridicola (Taki- 
raoto) Stapp. (Bacterium iridicola Taki- 
moto. Fungi, Nippon Fungological Soc., 
i, 1931, 24; Stapp, Bot. Rev., f, 1935,408; 
Phytomonas iridicola Burkholder, in 
Manual, 5th ed., 1939, 198.) From Gr. 
ms (iridis), iris, a rainbow; -cola, 
dweller. 

Rods: 0.7 to 0.8 by 1.2 to 2 microns. 
Motile with 1 to 3 pol&r flagella. Gram- 
negative. 

Gelatin: Liquefied. 

Beef agar colonies: White, circular, 
raised or convex. 

Milk: Clears without coagulation. 

No acid or gas from carbohydrates. 

Starch digested. 

Optimum temperature 38®C. Mini¬ 
mum 4®C. 

Source: Isolated from a brown leaf 
spot of iris. 

Habitat: Pathogenic on Iris lectorum 
and Iris japonica. 

136. Pseudomonas levlstici Oster- 
walder. (Osterwalder, Cent. f. Bakt., 
II Abt., 1909, 260; Bacterium levistici 
Stevenson, Foreign Plant Dis., U. S. 
Dept. Agr., Oflice of Sec’y., 1926, 101; 
Phytomonas levistici Magrou, in Hau- 
duroy et al., Diet. d. Bact. Path., Paris, 
1937, 373.) From M. L. Levisticum, a 
generic name. 

Rods: 0.5 to 0.7 by 1.1 to 1.5 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: Colonies greenish-white. 

Liquefaction. 

Nutrient agar: Good growth at room 
temperature. Yellowish-white. 
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Broth: Pellicle. 

Indole formed. 

No HtS produced. 

Source: Isolated from spots on the 
leaves of lovaf^e. 

Habitat: Pathogenic on lovagc, Levh- 
ticum ofHeinale, 

137. Pseudomonas radlciperda (Jav- 
oronkova) Btapp. {Bacterium radici- 
perda JaVoronkova, Bull. Plant Protect., 
Leningrad, Ser. II, 5, no. 1, 1932, 161; 
Stapp, I^)t. Ucv., /, 1935, 408; Phyio- 
monas rculiciperda Magrou, in Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 401.) 
From L. radix {radicin), root; perdo^ to 
destroy. 

Description from Javoronkova, Uev. 
App Myc , //. 1932, 652. 

Hods: 0.8 by 1 to 2 microns, ('apsules. 
Motile with 1 or 2 (K)lar fl.agolla. Gram- 
negative. 

Gelatin: Liquefaction. 

Beef-peptone agar colonies; Hound, 
smooth, shining, white to pale yellow'. 

Milk; Peptonized. 

Indole not formed. 

No HjS formeil. 

Acid but not gas from carU)hydrateH. 

Optimum temperature 23"^ to 25'’C. 

Aerobic. 

Habitat: ('auses a ixxit rot of red clover 
{Trifolium praiense), lentils (Lens «sc«- 
lenla) and lucerne. 

138. Pseudomonas melophthora Allen 
and Hiker. (Allen and Hiker, Phyto¬ 
path., it, 1932, 557; Bacterium mcloph- 
thorum Allen and Hiker, ibid.; Phyla- 
mnnatt melophthora Allen and Hiker, 
ibid.) Fmm Gr. melum^ apple; phthora^ 
destroyer. 

Hods: 0.68 by 1.32 mienms. Motile 
with 2 polar flagella. Gramnegative; 
Gram-positive cells appear in old cultures. 

Gelatin: No liquefaction. 

Nutrient agar plus 2 per cent glucose: 
Colonies appear in 36 hours. After 3 
days colonies circular, smooth, glistening, 
convex; edges entire; light pink, but not 
constant. 


Broth: Good growth. Pellicle and 
sediment. 

Milk: Little change, if any. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HjS produced. 

Acid from arabinose, glucose, galac¬ 
tose, fructose, sucrose and glycerol. No 
acid from lactose, maltose, dextrin and 
inulin. 

Starch not hydrolyzed. 

Optimum temperature 21® U) 25®C. 

Source: Description based on 7 cul¬ 
tures isolated from rotting apples and 
from apple maggots. 

Habitat: Pathogenic on apples, and 
found with the apple maggot, Rhagoletis 
pomonella. 

139. Pseudomonas helianthl (Kawa- 
mura) comb. nov. {Bacterium helianthi 
Kawamura, Ann. Phyt. Soc. Japan, 4, 
1934, 27; Phjiomonas heliahthi Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937 , 362.) From M. L. Helian- 
IhuSf a generic name. 

Probable synonym: Phylomonas helian¬ 
thi var. tuberosi Thornberry and Ander¬ 
son, Phytopath., 27, 1937, 948. 

Hods: 1 to 1.4 by 1.6 to 2.4 microns. 
Motile w'ith a single polar flagellum. 
Gram-negative. 

Gelatin: No liquefaction. 

Beef agar colonies: White, circular, 
edges entire. 

Broth: Turbid. Pellicle. 

Milk: Peptonized. Litmus reduced. 

Nitrates: Gas production. 

Indole not produced. 

No HfS produced. 

Acid but not gas from sucrose and glyc¬ 
erol. No acid from lactose and pialtose. 

Starch hydrolyzed. 

Optimum temperature 27® to 28®C. 
Maximum 35.5®C. Minimum 12®C. 

Good growth at pH 6.4. No growth 
pH 5.4 and pH 8.8. 

Habitat: Pathogenic on sunflower, 
Helianthu9 debilis. 

140. Pseudomonas alboprocipitans 
Rosen. (Hoseo, Ann. Missouri Bot, 
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Garden, P, 1922, 38S; Badtrium albo- 
precipitant Elliott, Bact. Plant Path., 
1930, 89; Phytamonat albopreeipitane 
Beigey et al., Manual, 3rd ed., 1930, 
277.) From Latin albus^ white and 
precipitane, precipitating, referring to 
the white precipitate produced in cul¬ 
ture. 

Rods: 0.6 by 1.8 microns, occurring 
singly or in pairs. Capsules present. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: Not liquefied. 

Nutrient agar colonies: White, circular, 
raised, smooth, sticky, with margins 
entire. Whitish discoloration of the 
medium. 

Broth: Turbid in. 24 hours. Heavy 
sediment in old cultures. 

Milk: Becomes alkaline and slowly 
clears. 

Nitrites produced from nitrates. 

Indole not produced. 

No HjS produced. 

Acid but not gas from glucose, fruc¬ 
tose, glycerol and mannitol. No acid 
from lactose, maltose or sucrose. 

Starch is hydrolyzed. 

Optimum temperature 30^ to 35^*0, 
Maximum temperature 40^C. Minimum 
0*C. 

Aerobic. 

Distinctive characteristics: White pre¬ 
cipitate in culture media. 

Source: Isolated a number of times 
from foxtail grass. 

Habitat: Pathogenic on foxtail, Chaeto- 
chha iutescens and other grasses. 

141. Pseudomonas petasitls (Taki- 
moto) comb. nov. (Bacterium petaaitU 
Takimoto, Ann. Phyt. Soc. Japan, P, 
1927, 55; Phytonumaa peiasitie Magrou, 
in Ebuduroy et al.. Diet. d. Bact. Path., 
PAris, 1937, 393.) From M. L. Petaeitee, 
a generic name. 

Bods: 0.8 to 1.1 by 1.1 to 1.7 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

CMatin: No liquefaction. 


Beef agar colonies: White, circular or 
ameboid, butyrous. 

Broth; Strong turbidity. Pellicle. 

Milk: Coagulated in 30 days. 

Nitrites produced from nitrates with 
gas formation. 

Indole not produced. 

No HsS produced. 

No evident acid in peptone broth but 
gas from glucose, lactose and sucrose. 
Acid but no*t gas from glycerol. 

Weak growth in broth plus 6 percent 
salt. 

Optimum temperature 27** to 30”C. 
Maximum 47®C. Minimum approxi¬ 
mately 5®C. 

Source: Isolated from brown to black 
lesions on Petaaitea japonicua in Japan. 

Habitat: Pathogenic on leaves of 
Petasiiea japonicua, 

142. Pseudomonas lignicola Wester- 
dijk and Buisman. (De lepenzickte, 
.Arnhem, 1929, 51.) From Latin, lignum, 
wood; -cola, dweller. 

Hods; Single or short chains. Motile 
with 1 to several polar flagella. Gram¬ 
negative. 

Gelatin: No liquefaction. 

Malt agar streaks: Milk white with a 
colorless edge. 

Broth; Turbid with light pellicle. 

Milk: No coagulation. No acid. 

Nitrites not produced from nitrates. 

Indole not formed. 

Starch hydrolysis slight. 

Optimum temperature db25®C. 

Source: From vessels of elm wood 
showing dark discoloration, in Holland. 

Habitat: Pathogenic in elm wood. 

143. Pseudomonas andropogoql (Erw. 
Smith) Stapp. (Bacterium andropo- 
goni Erw. Smith, Bacteria in Relation 
to Plant Diseases, f, 1911,63; Elliott and 
Smith, Jour. Agr. Res., S8, 1929,4; Stapp, 
in Sorauer, Handbuch dcr Pflanzen- 
krankheiten, f, 5 Auf., 1928, 27; Phyto- 
monaa andropogoni Bergey et al., 
Manual, 3rd 1930, 276.) From M. 
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L. Andropogon, a generic name (a syn¬ 
onym of Holcua), 

Description from Elliott and Smith 
(foe. cit.). 

Rods: 0.64 by 1.76 microns. Motile 
with one to several bipolar flagella. 
Capsules. Gram-n^ative. 

Gelatin: Feeble liquefaction or none. 

Beef-extract agar colonies: Slow>grow* 
ing, round, smooth, glistening, viscid, 
white. 

Broth: Growth slow with moderate 
turbidity in 48 hours. A thin pellicle. 

Milk: Alkaline and clears. 

Nitrites not produced from nitrates. 

Indole not formed. 

No H|S formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 5F, 1942, 601). 

Acid but not gas from glucose, arabi- 
nose, fructose and xylose. No acid from 
sucrose, maltose, lactose, raffinose, glyc¬ 
erol and mannitol. 

Starch partially digested. 

Optimum temperature 73? to 30^0. 
Maximum 37*^ to 38^C. Minimum 1.5^C. 

Optimum pH 6.0 to 6.6. Maximum 
8.3 to 8.6. Minimum 5.0. 

Source: Elliott used for her description 
4 cultures isolated from lesions on sorgo, 
sorghum and broom-corn. 

Habitat: Pathogenic on sorghum, Hoi- 
CU9 sorghum, 

144. Pseudomonas woodsli (Smith) 
Stevens. (Bacterium woodsii Erw. 
Smith, Bact. in Relation to Plant Dis¬ 
eases, F, 1911,62; Stevens, Plant Disease 
Fungi, New York, 1925, 39; Phytomonas 
woodsii Bergoy et al., Manual, 3rd ed., 
1930, 256.) Named for A. F. Woods, 
American plant pathologist. 

Description from Burkholder and Qu- 
tennan. Phytopath., Id, 1935, 118. 

Rods: 0.67 by 1.M microns. Motile 
with a polar flagellum. Oram-negative. 

Gelatin: No liquefaction. 

Beef-extract agar slants: Growth slow 
and scant, filiform, creamy, butyrous. 
Broth: Turbid. 


Milk: Becomes alkaline but otherwise 
little changed. 

Nitrites not produced from nitrates. 

Indole not formed. 

No H|S formed. . 

Not lipolytic (Starr and Burkholder, 
Phytopath., Si, 1942, 601). 

Acid but not gas from glucose, fruc¬ 
tose, galactose, arabinose, xylose, rham- 
nose, lactose, glycerol and mannitol. 
Alkaline reaction from salts of acetic, 
citric, malic and succinic acids. Sucrose, 
maltose, salicin, and lactic and formic 
acids not fermented. Starch not hy¬ 
drolyzed. 

Slight growth in broth plus 3 per cent 
salt. 

Aerobic. 

Source: Isolated from water-soaked 
lesions on carnation leaves. 

Habitat: Pathogenic on carnation, 
Dianthus caryophyllus, 

145. Pseudomonas panicl-mlliacel 
(Ikata and Yamauchi) comb, nov. (Bac¬ 
terium panici-miliacei Ikata and Yamau¬ 
chi, Jour. Plant Protect., 18, 1931, 35; 
Phytomonas panici-miliacei Burkholder, 
in Manual, 5th ed., 1939, 204.) From 
M. L. Panicum miliaceum. 

Description translated by Dr. K. 
Togashi. 

Rods: 0.8 to 1.1 by 1.8 to 2.6 microns. 
Motile, with a single flagellum. Gram- 
negative. 

Gelatin: Not liquefied. 

Potato-agar plates: Growth moderate, 
whitish, then tinged with light orange, 
undulating margins. 

Broth: Turbid, white pellicle formed. 

Milk: No coagulation and slow diges¬ 
tion. Alkaline. 

Nitrites are produced from nitrates. 

Indole not formed. 

No HtS produced. 

No acid and no gas from sucrose, glu¬ 
cose, lactose, glycerol and sodium 
nitrate. 

Starch not h]rdrolysed. 

Optimum tempemture 80* to 86*0. 
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Facultative anaerobe. 

Source: Species first isolated from 
millet, Panicum miliaceum. 

Habitat: Causes a leaf stripe of Fani- 
cum mUiaceum. 

146. Pseudomonas saliciperda Lindei- 
jer. (Lindeijer, Inaug. Diss., Univ. 
Amsterdam, 1932; Phytopath. Ztschr., 
d, 1933, 373; Bacterium saliciperda 
Burgwitz, Phytopathogenic Bacteria, 
Leningrad, 1935, 106; Phyiomonas salici- 
perda Magrou, in Hauduroy et al., Diet, 
d. Bact. Path.,Paris, 1937,408.) From L. 
salix (salicis)t willow; perdo^ to destroy. 

Rods: 1.2 to 2.1 microns in length. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: No liquefaction. 

Beef wort .agar colonies: Gray-white. 

Milk: No acid nor coagulation. 

Nitrites produced (small amount) 
from nitrates. 

Indole formation slight. 

No gas from carbohydrates. 

Starch not hydrolyzed. 

Facultative anaerobe. 

Source: Isolated from wilted branches 
of willow and pathogenicity proved. 

Habitat: Pathogenic on willow, Salix 
$pp. 

147. Pseudomonas eriobotryae (Taki- 
moto) Dowson. {Bacterium eriobotryae 
Takimoto, Jour. Plant Protect., id, 1931, 
354; Phyiomonas eriobotryae Burkholder, 
in Manual, 5th ed., 1939, 205; Dowson, 
Trans. Brit. Mycol. Soc., 26, 1943, 10.) 
From M. L. Eriobotrya, a generic name. 

Translated by Dr. K. Togashi. 

Rods: 0.7 to 0.9 by 2.2 to 3.0 microns. 
Motile, with 1 or 2 flagella. Gram¬ 
negative. 

Gelatin: Not liquefied. 

Agar-plates: Colonies appear after 3 
days, white or hyaline, butyrous, maigins 
entire. 

Broth: Moderately turbid, pellicle 
powdery, ring formed. 


Milk: No coagulation, peptonized 
slowly. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HjtS produced. 

No acid or gas from glucose, sucrose, 
lactose and glycerol in broth. 

Starch not hydrolyzed. 

Temperature relations: Minimum 
below 4°C, optimum 25® to 26®C, and 
maximum 32®C. Thermal death point 
51 ®C. 

Aerobic. 

Source: Species isolated from loquat, 
Eriobotrya japonica. 

Habitat: Causes a bud rot of Eriobotrya 
japonica, 

148. Pseudomonas wieringae (Elliott) 
comb. nov. {Phyiomonas beiae Wieringa, 
Nederl. Tijdschr. Hyg., Microbiol, en 
Serol., I-eiden, 2, 1927, 148; Bacterium 
wieringae Elliott, Man. Pact. Plant 
Pathogens, 1930, 264; Phyiomonas wier¬ 
ingae Burkholder, in Manual, 5th ed., 
1939, 206.) Named for K. L. Wieringa, 
plant pathologist of Holland. 

Because Bacterium beiae Chester (.\nn. 
Kept. Del (’ol. .\gr. Exp. Sta., 9, 1897, 
53) may be a pseudomonad, the species 
name proposed by Elliott has l)een 
retained. 

Description from Elliott (loc. cit.). 

Rods: 0.5 to 2.0 microns. Motile with 
1 to 5 polar flagella. Gram-negative. 

Beef-agar colonies: Smooth, round, 
white to grayish, fluorescent. 

Milk: Cleared in 5 days. Not co¬ 
agulated. 

Nitrites not produced from nitrates. 

No gas from sugars. 

Optimum temperature 28® to 30®C. 
Maximum 37®C. Minimum 4®C. 

Source: Isolated from vascular rot of 
beets in Holland. 

Habitat: Pathogenic on beets, Beta 
vulgaris. 
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Appendix I*: The following species are 
believed to belong in the genus Pseudo^ 
manoB although descriptions are fre- 
((uently incomplete. 

iic^romo6acfer pellncidum Harrison. 
(Canadian Jour. Res., 1929, 236.) 
Isolated from halibut. For a description 
of this species, see Bergey et al., Manual, 
5th ed., 1939, 619. 

Bacillus auraniiacuit tingitanua Rem- 
linger and Bailly. (Maroc Medical, 
No. 150, 1935; See Lasseur, Dupaix and 
Babou, Trav. Lab. Microbiol. Fac. 
Pharm. Nancy, Fasc. 8, 1935, 41.) From 
water. Dissociates readily. Related to 
PBeudomonaa fluorescena aureua Zim- 
mermann. See p. 645. 

Bacillus cyaneoflnoreacena Zaiigemeis- 
ter. (Cent. f. Bakt., I Abt., /8,1895,321; 
Paeudomonaa cyaneofluoreacens Migulu, 
Syst. d. Bakt., f, 1900, 906.) From blue 
milk. 

Bacillus Jluoresceua nivalis Kisenberg. 
(Eine Gletschcrbakterie, Schmelck, 
Cent. f. Bakt., 4, 1888, 545; Eisenbcrg, 
Bakt. Diag., 3 Aufi., 1891, 77.) From 
the melting snow of a glacier. Probably 
a synonym of Pseudomonas fluorescens 

Bacillus lactis saponacet Weigmann 
and Zirn. (Cent. f. Bakt., 16, 1894, 468.) 
From soapy milk. 

Bacterium auxinophilum Jacobs 
(Ann. Appl. Biol., 1935, 619.) A 
Gram-negative organism with a polar 
flagellum which liquefies gelatin rapidly. 

Bacterium bosporum KalninS. (Lat- 
vijas Oniversitates Raksti, Scrija I, 
No. 11, 1930, 259.) Decomposes cellu¬ 
lose. Single polar flagellum. From soil. 

Bacterium brioaii Pavarino. (Atti Ist. 
Hot. d. R. Univ. di Pavia, Scr. 2, It, 
1010, 337.) The natural host is Lyco- 
persicon eaculentum. Pavarino (Rev. di 
P^tol. Veg., d, 1913, 161) states that this 
organism and Phytobacter lycoperaicum 
Oroenewege (Meded. Rijks. Hoogere 
Land, Tuin- en Boschbouwschool, Dell 5, 
5,1912, 217) should be considered identi¬ 


cal. It closely resembles Bacterium 
veaicatorium Doidge (Jour. Dept. Agr. 
So. Africa, 1, 1920, 718) according to 
Gardner and Kendrick (Jour. Agr. Res., 
21, 1921, 140). 

Bacterium elapkorum Kalning. (Lat- 
vijas Oniversit&tes Raksti, Serija I, 
No. 11, 1930, 257.) Decomposes cellu¬ 
lose. Single polar flagellum. From soil. 

Bacteriumfraenkelii Hashimoto. (Zeit. 
f. Hyg., 61, 1809, 88.) A pleomorphic 
polar flagellate bacterium. From milk. 

Bacterium gummis Comes. (Comes, 
Napoli, Maggio 18, 1884, 14; see Comes, 
Atti d. R. Ist. d’incoraggiamento alii 
Sc., Ser. 3, 6, 1884, 4; Bacillus gummis 
Trevisan, I generi e le specie delle 
Battcriacee, Milano, 1889, 17.) Patho¬ 
genic on grapes, Vitia app. 

Bacterium krameriani Pavarino. 
(Atti R. Accad. Naz. Lincei Rend. Cl. 
Sci. Fis., Mat. et Nat., tO, 1911, 233.) 
Pathogenic on the orchid,* Oncidium 
krameriani. 

Bacterium puaiolum KalniQ^. (Lat- 
vijas Gniversit&tes Raksti, Serija 1, 
No. 11, 1930, 261.) Decomposes cellu¬ 
lose. Single polar flagellum. From 
manure. 

Bacterium protozoidea KalninS. (Lat- 
vijas Oniversitfttes Raksti, Serija I, 
No. 11, 1930, 263.) Decomposes cellu¬ 
lose. Single polar flagellum. From soil. 

Pseudomonas acuta Migula. (Culture 
No. 11, I.K;mbke, Arch. f. Hj'g., 29, 1897, 
317; Migula, Syst, d. Bakt., 2, 1900,921.) 
From the intestine. 

Pseudomonas alba Migula. {BacUlus 
fluorescens edbus Zimmennann, Bakt. 
unscrer Trink- u. Nutzvrfisser, I Reihe, 
1890, 18; Migula, Syst. d. Bakt., 2, 1900, 
909.) From water. Bacillus fluorescens 
non liquefaciens Eisenbeig, Bakt. Diag., 
3 Aufl., 1891, 145 may be identical ac¬ 
cording to Migula (foe. cti.). 

Pseudomonas allii (GriflSths) Migula. 
(Bacterium allium Grifliths, Proc. Roy. 
Sov. Edinburgh, 51, 1887, 40; Migula, 


• Appendixes I and II prepared by Prof. Robert S. Breed, New York State Experi¬ 
ment Station, Geneva, New York, July, 1943. 
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S 3 r 8 t. d. Bakt., 1900» 932.) From 
rotted onions. 

Pseudomoruja (tquatilia Migula. (Tata- 
roff, Inaug. Disa., Dorpat, 1891, 31; 
Migula, Syst. d. Bakt., F, 1900, 933.) 
From water. Said to form spores. 

Pzeudomona» aromatica Migula. 
{Bacillus crassus aromaitcus Tataroff, 
Inaug. Diss., Dorpat, 1891, 27; Migula, 
Syst. d. Bakt., F, 1900, 880.) From 
water. 

Pseudomonas aromalica var. quercito- 
pyrogallica Kluyvcr, Hof and Boc- 
saardt. (Enzymologia, 7 1939, 28.) 

Pseudomonas articulata Kern. (Arb. 
bakt. Inst. Karlsruhe, f. Heft 4, 1896, 
462.) From the stomachs of birds. 

Pseudomonas aucubicola Trapp. 
(Phytopath., F6, 1936, 264.) Isolated 
from Aucuba japontca. Not pathogenic. 

Pseudomonas aurea Migula. (Bacillus 
fluorescens aureus Zimmermann, Bakt. 
unserer Trink- u. Nutzw&sser, I Reihe, 
1890, 14; Migula, Syst. d. Bakt., F, 1900, 
931.) From water. 

Pseudomonas brasstcae acidae Gruber. 
(Cent. f. Bakt., II Abt., FF, 1909, 558). 
From sauerkraut. Identical with Bac¬ 
terium brassicae acidae Conrad (Arch. f. 
Hyg., FF, 1897,75) according to Lehmann 
and Neumann (Bakt. Diag., 5 AuB., F 
1912, 380.) 

Pseudomonas butyri Migula. (Bacil¬ 
lus butyri fluorescens Lafar, Arch. f. 
Hyg., IS, 1891,19; Migula, Syst. d. Bakt., 
F, 1900, 894.) From butter. 

Pseudomonas ealciphila Molisch. 
(Cent. f. Bakt., II Abt., 65, 1925, 136.) 
From fresh water. Deposits CaCOt. 

Pseudomonas calco-aceiica Clifton. 
(Enzymologia, 4t 

Pseudomonas eapsulata Migula. 
(Syst. d. Bakt., F, 1900,915; not Pseudo¬ 
monas capstdaia Bergey et al.. Manual, 
Ist ed., 1923, 124.) Similar to Pseudo¬ 
monas macroselmis Migula. 

Pseudonlonas earyoeyanea (Dupaix) 
Beijerinck. (Bacillus caryocyaneus Du¬ 
paix, Thesis, Univ. of Nancy, 1933, 1; 
Beijerinck, see Dupaix, ibid., 13; Bac¬ 


terium caryocyaneum Dupaix, ibid., 246.) 
Isolated from rotten willow wood, from 
yeast mash and beer-wort. Name ap¬ 
pears first as Bacillus caryocyaneus on a 
culture sent by Beijerinck from Delft, 
Holland to the National Collection of 
Type Cultures, Lister Institute, London. 
Regarded by Dupaix as closely related to 
Bacillus cyaneo-fluorescens Zangemeister 
(Cent. f. Bakt., I Abt., 18, 1895, 321; 
Pseudomonas cyaneo-fluorescens Migula, 
Syst. d. Bakt., F, 1900, 906); Der blaue 
Bacillus, Mildenbcrg (Cent. f. Bakt., 
II Abt., 56, 1022, 309; Pseudomonas 
mildenbergii Bcrgcy et al.. Manual, 3rd 
ed., 1930, 172); and Bacillus pyocyaneus 
Gessard (Compt. rend. Acad. Sci. Paris, 
9-^,1882,536). 

Pseudomonas catarrhalis Chester. 
(Bacillus der Hundestaupe, Jess, Cent. f. 
Bakt., II Abt., 26, 1899, 541; Chester, 
Man. Determ. Bact., 1901,308.) Isolated 
from catarrh in dogs. 

Pseudomonas caviae Scherago. (Jour. 
Bact., SI, 1936, 83; Jour. Inf. Dis., 60, 
1937, 215.) Cause of an epizootic septi¬ 
cemia in guinea pigs. 

Pseudomonas chlorophaena Migula. 
(Syst. d. Bakt., F, 1900, 899.) 

Pseudomonas coccacea Migula. (Cul¬ 
ture No. 10, Lembke, Arch. f. Hyg., t», 
1897, 317; Migula, Syst. d. Bakt., F, 
1900, 924.) From the intestine. 

Pseudomonas cohacrca (sic) (Wright) 
Chester. (Bacillus cohaerens Wright, 
Mem. Nat. Acad, Sci., 7, 1895, 464; 
Chester, Man. Determ. Bact., 1901, 
312.) L'rom water. 

Pseudomonas coli Migula. (Culture 
No. 8, Lembke, Arch. f. Hyg., FF, 1897, 
315; Migula, Syst. d. Bakt., F, 1900,920.) 
From the intestine. 

Pseudomonas colloides Migula. 
(Bacillus fluorescens putidus colloides 
Tataroff, Inaug. Diss., Dorpat, 1891, 40; 
Migula, Syst. d. Bakt., F, 1900, 902.) 
From water. Said to form spores. 

Pseudomonas eonradi Lehmann and 
Neumann. (Bakt. Diag., 5 Aufl., F, 
1912, 394.) Red pigment. 
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Pseudomonas delahens (Wright) 
Chester. (Bacillus delahens Wright, 
Mem. Nat. Acad. Sci., 7, 1805, 456; 
Chester, Man. Determ. Bact., 1901, 
314.) From water. 

Psendomonas duplex Migula. (Cul¬ 
ture No. 7, Lembke, Arch. f. Hyg., 
1897, 314; Migula, Syst. d. Bakt., 
1900,922.) From the intestine. 

Pseudomonas ellipsoidea Migula. 
(Bacillus oogenes fluorescens ZOrken- 
dOrfer, Arch. f. Hyg., 16, 1893, 393; 
Migula, Syst. d. Bakt., t, 1900, 925.) 
From hens’ eggs. 

Pseudomonas ephemeroeyanea Fuller 
and Norman. (Jour. Bact., 4^, 1943, 
274.) From soil. Decomposes cel¬ 
lulose. 

Pseudomonas erythra Fuller and Nor¬ 
man. (Jour. Bact., 45,1943,276.) From 
soil. Decomposes cellulose. 

Pseudomonas erylhrospora (Cohn) 
Migula. (Bacillus eryihrosporus Cohn, 
Beitr. 2 . Biol. d. Pflanzen, S, Heft 1, 
1879, 128; Migula, in Engler and Prantl, 
Die naUtrl. Pflanzenfam., I, la, 1895,29.) 
From air, meat infusion and water. 
Said to form spores. 

Pseudomonas fimbriata (Wright) 
Chester. (Bacillus fimbriatus Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 463; 
Chester, Man. Detenn. Bact., 1901, 
313.) From water. 

Pseudomonas fluorescens exitiosus van 
Hall. (Ztschr. f. PHanzenkr., 15, 1903, 
132.) Causes soft rot of shoots and bulbs 
of iris (Irisspp,). 

Pseudomonas foliacea Chester. 
(Bacillus fluorescens foliaccus Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 439; 
Chester, Man. Determ. Bact., 1901, 324; 
Bacillus fluoreseens-foliaceus Cheater, 
ibid,) From water. Very similar to 
Pseudomonas incognita Chester. 

Pseudomonas gasoformans Migula. 
(Ein iieuer gasbildender Bacillus, G&rt- 
ner, Cent, f. Bakt., IS, 1894, 1; Migula, 
Syst. d. Bakt., f, 1900, 883.) Gas 
bubbles in gelatin stab. 


Pseudomonas gracilis Migula. (Syst. 
d. Bakt., i, 1900, 888.) Morphologically 
like Pseudomonas fluorescens Migula. 

Pseudomonas granulata Kem. (Arb. 
bakt. Inst. Karlsmhe, 1, Heft 4, 1806, 
464.) From the stomach and intestine 
of birds. 

Pseudomonas holeslorgus Elazari- 
Volcani. (Ph.D. Thesis, Hebrew Univ., 
Jerusalem, 1940.) A halophilic pseudo¬ 
monad from the Dead Sea. 

Pseudomonas kydrosulfurea Migula. 
(Bacillus oogenes hydrosulfureus fi, ZOr- 
kenddrfer, Arch. f. Hyg., 16, 1893, 385; 
MiguU, Syst. d. Bakt., F, 1900, 898.) 
From hens’ eggs. 

Pseudomonas iridis van Hall. (Van 
Hall, Thesis, Univ. Amsterdam, 1902 and 
Ztschr. f. Pflanzenkr., IS, 1903, 129; 
Bacterium iridis Elliott, Man. Bact. 
Plant Path., 1930,142; Pkyiomonas iridis 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., Paris, 1937, 369.) Causes a 
rot of bulbs and leaves of iris (/ru spp.). 

Pseudomonas iris (Frick) Migula. 
(Bacillus iris Frick, Arch. f. path. Anat., 
116, 1889, 292; according to Eisenbeig, 
Bakt. Diag., 3 Aufl., 1891, 148; Migula, 
Syst. d. Bakt., F, 1900,931.) 

Pseudomonas italica (Foh and Chia- 
pella) Reinelt. (Quoted from Lehmann 
and Neumann, Bakt. Diag., 7 Aufl., F, 
1927, 367.) Phosphorescent. 

Pseudomonas javanica (Eijkroann) 
Migula. (Photobaeterium jaoancnse 
Eijkmann, Geneesk. Tijdschr. v. 
N^erl.-lndifl, 5F, 1892, 109; Abst. in 
Cent. f. Bakt., IS, 1892, 656; Bacillus 
jacaniensis Dyar, Annals New York 
Acad. Sci., 8, 1895, 359; Bacterium Java- 
niensis Chester, Man. Determ, l^t., 
1901, 170; Photobacterium jacanicum 
Lehmann and Neumann, Bakt. Diag., 1 
Aufl., F, 1896,199; Migula, Syst. d. Bakt., 
F, 1900, 953.) ^m sea fish in Java. 
Blue-green luminescence. 

Pseudomonas lacHca Weiss. (Arb. bakt. 
Inst. Karlsruhe, F, Heft 3, 1902, 238.) 
From a vegetable infusion. 

Pseudomonas lasia Fuller and Nonnaa. 
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fJour. Baot., 46, 1943, 275.) From soil 
Decoirposes cellulose. 

Pseudomonas lembkei Migula. (Cul¬ 
ture No. 12, Lembke, Arch. f. Hyg., 
1897,318; Migula, Syst. d. Bakt., 1900, 
896.) From the intestine. 

Pseudomonas liquefactens (Tataroflf) 
Migula. {Bacillus liquefavicns Tataroff, 
Inaug. Diss., Dorpat, 1891, 29; Migula, 
Syst. d. Bakt., 1900,876.) From water. 

Pseudomonas listen Wois.^. (Arh bakt. 
Inst. Karlsruhe, 2, lloft 8. H)02 . 260.) 
From a vegetable infusion. 

Pseudomonas lovga Migula {Bncfllus 
Jluorescens longus Zimmermann, Bakt. 
unsercr Trink- u. Xutz\\:i.sser, I Beihe, 
1890, 20; Migula, Syst. d. Bakt , 2, 1000, 
907.) P>oni water. 

Pseudomonas macroselmis Migula. 
{Bacillus Jluorescens putidus Tataroff, 
Inaug. Diss., Dorpat, 1891. 42; Migula, 
in Engler and Prantl, Die natlirl. Pflan- 
zenfam., /, la, 1895, 29.) From water. 

Pstudomonas maidis (Eisenberg) 
Migula. {Bacillus maidis Fjsenberg, 
Bakt. Diag., 3 Aufl., 1891, 119; Migula, 
Syst. d. Bakt., f, 1900, 877.) From corn 
grains soaked in water and from feres 
of pellagra patients. 

Pseudomonas maschekii Migula. 
(BlaugrUner Bacillus, Maschek, Bakt. 
Untersuch. d. Leitmeritzcr Trinkwasser, 
Jahresbcr. d. Oberrealschule zu Leit- 
meritz, 1887; Migula, Syst. d. Bakt. 2, 
1900, 916.) From w^ater. 

Pseudomonas melochtora (Winkler and 
Schrotterj Migula. {Bacillus melo- 
chloros V/inklerand Schrottcr, Kin neuer 
grOnen Farbstoff entwickelnder Bacillus, 
Wien, 1S90; Migula, Syst. d. Bakt., 2, 
B.KK), .S93.; From eaterpillar frees. 

Pseudomonas niesenterica Migula. 
(Bacillvs jluorescens mesentericns Tata¬ 
roff, Inaug. Diss., Dorpat, 1891, 38; 
Migula, Syst. d. Bakt., 2, 1900, 903.) 
From water. 

Pseudomonas metalloides Migula. 
{Bacillus rosareus metalloides Tataroff, 
Inaug. Diss., Dorpat, 1891,65; not Bar- 
Icrium rosaceus mclalloides Dowdesvvell, 
Ann. de Microgr., 7, 1888-89, 310, see 


Hcffernan, Cent. f. Bakt., II Abt., 8, 
1902, 689; Pseudomonas rosacea Migula, 
in Engler and Prantl, Die nattirl. Man- 
zenfam., 1, la, 1895, 29; Migula, Syst. d. 
Bakt., 2, 1900, 938.) Single flagellum. 
Red and yellow-red pigment. From 
water. 

Pseudomonas minutissimo Migula. 
{Bacillus Jluorescens Uquefaciens 
rninutissimus Unna and Tommasoli, 
Monatsh. f. prakt. Dermat., 8, 1889, 57; 
according to Eisenberg, Bakt. Diag., 3 
Aufl., 1891,76; Migula, Syst. d. Bakt., f, 
1900, 891.) Found on human skin in 
cases of scborrhoic eczema. 

Pseudomonas mobilis Migula. (Cul¬ 
ture No. 9, Lembke, Arch. f. Hyg., 29, 
1897, 316; Migula, Syst. cl. Bakt., 2 , 
1900, 923.) F'roni the intestine. 

Pseudomonas monadiformis (Kruse) 
Chester. (Bacillus coli mobilis Messca, 
Riv. dTgieno, Rome, 1890; Bacillus 
monadiformis Kruse, in Fliigge, Die 
Mikrcx>rgani8men, 2, 1896, 374; Cfficster, 
Man. Determ. Bact., 1901, 308.) From 
typhoid stools. 

Pseudomonas muctdolcns Levine and 
Anderson. (Jour. Bact., 25, 1932, 337.) 
Causes musty odors in eggs Also milk 
(Olsen and Hammer, Io^Wl State Coll. 
.Jour. Sci., 9, 1934, 125). 

Pseudomonas mucidolens var. tarda 
Levine and Andersem. (Jour. Bact., 25, 
1932, 337.) Causes musty odors in eggs. 

Pseudomonas nexibilis (Wright) 
Chester. (Bacillus nexibilis Wright, 
Mem. Xat. Acad. Sci., 7, 1S95, 441; 
Chester, Man Determ. Bact., H)01,309.) 
From water. 

Pseudomonas nivalis Szilviriyi. 
(Cent. f. Bakt., II Abt., 94, 1936, 216.) 
\ red chromogen isolated from red snow 
in Austria. 

Pseudomonas ochroleuca Migula. 
(Bacillus y, Zorkendorfer, Arch. f. Hyg., 
W, 1893, 396; Migula, Syst. d. Bakt., 2, 
KXX), 897.) From hens* c^i^gs. 

Pseudomonas oogenrs Migula. (Bacil¬ 
lus oogencs hydrosulfureus h, Zdrkeo- 
ddrfer, Arch. f. Hyg., 16, 1893, 386; 
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Migula, Syst. d. Bakt., 1900, 878.) 
Single flagellum. From hens’ eggs. 

Paeudomonfu ovi Migula. (Bacillus 
oogenes fluorescsns c, Zdrkenddrfer, Arch, 
f. Hyg,, 16, 1893, 396; Migula, Syst. d. 
Bakt., f, 1900, 924.) From hens* eggs. 

Pseudomonas ovicola Migula. (Bacil- 
lus oogenes fiuorescens y, Zdrkcnddrfer, 
Arch. f. Hyg., 16, 1893, 394; Migula, 
Syst. d. Bact., 6, 1900,926.) From hens’ 
eggs. 

Pseudomonas pallescens Migula. 

(Bacillus viridis pallescens Frick, in 

Virchow, Arch. f. path. Amit., 116, 1889, 
292; according to Eiscnborg, Bakt. Diag , 
3 Aufl., 1891, 164; Migula, Syst. d. Bakt.. 
2, IIKX), 927.) Source not given. 

Pseudomonas pansinii Migula. 

(Bacillus fluoresccns non liquefaciens 
Pansini, in Virchow, Arch. f. path. Anat., 
122, 1890, 452; Migula, Syst. d. Bakt., f, 
1900, 926.) 

Pseudomonas pcllieulosa Migula. 

(Bacillus oogenes fiuorescens 6, Zdrken- 
ddrfer. Arch. f. Hyg., 16, 1893, 395; 
Migula, Syst. d. Bakt., 2 1900, 926.) 
From hens’ eggs. 

Pseudomonas pellucida Kern (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896. 
466.) From the intestine of birds 
Pseudomonas plehniac Spicckermann 
and Thicnemann. (Arch. f. Hyg., 74, 
1911, 110.) Isolated from carp. Patho¬ 
genic for many species of fish. 

Pseudomonas plicala (Frankland and 
Franklnnd) Migula. (Bacillus plicalus 
Frankland and Frankland, Phil. Trans. 
Roy Soc. I>oiidon, 178, B, 1887, 273; 
Migula, Syst. d. Bakt , 2, 19(X), 881.) 
From air. 

Pseudomonas pseudotyphosa Migula. 
(Typhusfihnlicher Bacillus, Lustig, 
Diag. d. Bakt. d. VVassers, 1893, 16; 
Migula, Syst. d. Bakt., 2, 1900, 893.) 
From water. 

Pseudomonas puUulans (Wright) 
Chester. (Bacillus pullulans Wright, 
Mem. Nat. Acad. Sci., 7, 1894 , 446; 
Chester, Man. Determ. Bact., 1901,315.) 
From water. 


Pseudomonas protea Frost. <U. 8. 
Public Health Ser., Hyg. Lab. BoU. 06. 
1910, 27.) From filtered river water. 
Can be agglutinated by specific typhoid 
immune>serum. ^ 

Pseudomonas rosea Chester. (Bacil¬ 
lus roseus vini Bordas, Joulin and 
Rackowski, Compt. rend. Acad. Sci. 
Paris, 126, 1898, 1660; Chester, Man. 
Determ. &ct., 1901, 327; not Pseudo¬ 
monas rosea Migula, in Engler and Prantl, 
Die nattirl. Pfllanzenfam., 1, la, 1895,30.) 
From wine. Said to form spores. 

Pseudomonas (Hydrogenomanas) sac- 
charophila Doudoroff. (Enzymologia, 
9, 19^, 60.) From stagnant water. 

Pseudomonas sapolaclica (Eichholz) 
De Rossi. (Bacterium sapolacticum 

Eichholz, C3ent. f. Bakt., II Abt., 9, 
1902, 631; De Rossi, Microbiologia 
Agraria e Technica, Torino, 1927, 693.) 
Isolated from soapy milk. 

Pseudomonas sericea Migula. (Seiden- 
glanzender Bacillus, Tatarofif, Inaug. 
Dies., Dorpat, 1891, 26; Migula, Syst. d. 
Bakt., 2, 1900, 882.) 

Pseudomonas tenuis Migula. (Bacil¬ 
lus fiuorescens tenuis Zimmermann, Bakt. 
unserer Trink- u. Xutzwasser, I Reihe, 
1890, 16; Migula, Syst. d. Baki., f. 
1900, 910.) From water 
Pseudomonas trommelscfUdgel (Rav- 
enel) Chester. (Bacillus trommelschldgel 
Ravencl, Mem. Nat. Acad. Sci., 8, 1896, 
26; Chester, Man. Determ. Bact.. 1901, 

327. ) From soil. Said to form spores. 
Pseudomonas undulata Chester. 

(Bacillus fiuorescens undulatus Ravcnel, 
Mem. Nat. Acad. Sci., 8, 1896, 20; 
Chester, Man. Determ. Bact., 1901, 

328. ) From soil. Said to form spores. 
P8t**domonas virescens (Frick) Migula. 

(Bacillus virescens Frick, Arch. f. path. 
Anat., 116, 1889, 292; Migula, Syst. d. 
Bakt.,;?, 1900,916.) From green sputum. 

Pseudomonas viridans (Symmers) 
Migula. (Bacillus riridans Symmers, 
Brit. Med. Jour., No. 1616, 1891, 1252; 
Abst. in Cent. f. Bakt., 12, 1892, 165; 
Migula, Syst. d. Bakt., 2 , 1900, 800.) 
From water. 
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Pseudomonas virideseens Chester. 
(Bacillus virideseens liquefaeiens Rav- 
enel, Mem. Nat. Acad. Sci., S, 1896, 24; 
Chester, Man. Determ. Bact., 1901,328.) 
From soil. Said to form spores. 

Pseudomonas viridis Migula. (Bacil- 
Its der grtlnen Diarrhoe der Kinder, 
Lesage, Arch. d. Physiol, norm, et path., 
FO, 1888,212; see Eisenberg, Bakt. Diag., 
3 Aufi., 1891,238; Migula, Syst. d. Bakt., 
F, 1900,886.) From intestine of children. 

Pseudomonas weigmanni Migula. 
(Bakterie IV. Weigmann and Zirn, Cent, 
f. Bakt., IS, 1894, 466; Migula, Syst. d. 
Bakt., F, 1900, 892.) From soapy milk. 

Pseudomonas zSrkertddrferi Migula. 
(Bacillus oogenes fluorescens a, Zdrken> 
dOrfer, Arch. f. Hyg., 16, 1893, 392; 
Migula, Syst. d. Bakt., F, 1900, 897.) 
From hens' eggs. 

Appendix II: The followi ng polar flagel¬ 
late oiganism has been described from 
activated sludge. H. Winogradsky has 
also described polar flagellate forms from 
the same source that form zoogloea 
(Compt. rend. Acad. Sci. Paris, SOO, 


1935, 1887; Ann. Inst. Pasteur, 58, 1987, 
333). 

Zoogloea ramlgera Kruse emend, 
Butterfield. (Kruse, in FlOgge, Die 
Mikroorganismen, 3 Aufi., 1, 1896, 68; 
Butterfield, Public Health Reports, 50, 
1935, 671; Culture No. 50, Wattie, Pub. 
Health Reports, 57, 1942, 1519.) 

Rods: 1 by 2 to 4 microns, with 
rounded ends. Non-spore-forming. 
Capsules present. Motile with a single 
long polar flagellum. Gram-negative. 
Gelatin: No liquefaction. 

Grows better in aerated liquid media. 
Agar: Scant growth. 

Indole not formed. 

No HiS produced. 

No acid or gas from carbohydrates. 
Nitrites not produced from nitrates. 
Optimum pH 7.0 to 7.4. 

Optimum temperature 28® to 30 ®C. 
Good growth at 20® and at 37®C. Mini¬ 
mum temperature 4®C. 

Strict aerobe. 

Distinctive character: Oxidizes sewage. 
Source: Isolated from activated sludge. 
Habitat: Produces zoogloeal masses in 
activated sludge. 


Genus II. Xanthomonas Dowson* 

(Phytomonas Bergey et al., Manual, Ist ed., 1923,174; Dowson,Cent. t.Bakt.,II Abt., 

100, 1939, 187.) 

Cells usually monotrichous, with yellow, water-insoluble pigment. Proteins are 
usually readily digested. Milk usually becomes alkaline. Hydrogen sulfide is piD« 
duced. Asparagin is not sufficient as an only source of carbon and nitrogen. Acid is 
produced from mono- and disaccharides. Mostly plant pathogens causing necrosis. 
From Gr. xanihus, yellow; monos, a unit; M. L. monad. 

. The type species is XarUhomonas hyacinthi (Wakker) Dowson. 

Key to the species of genus Xanthomonas. 

1. Colonies yellow. 

a. Gelatin liquefied. 

b. Starch hydrolysis feeble. 

c. Nitrites not produced from nitrates. 

1. Xanthomonas hyacinthi. 

2. Xa'tUhomonas pruni. 

3. Xanthomonas vitians. 


• Prepared by Prof. Walter H.Burkholder, Cornell Univ., Ithaca, N. Y., June, 1948< 
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ce. Nitrites produced from nitrates. 

4. Xanih&maMB beticola. 

5. XarUhomonas lactucae-Bcariolae. 

6. XanthomonoB rubrilineariB. 
bb. Starch hydrolysis strong. 

e. Nitrites not produced from nitrates. 

d. No brown pigment in beef-extract agar. 

7. XarUhomonaB harhareae, 

8. XanthomoncLB begoniae, 

0. XanthomoncLB campcBtriB. 

8a. XanthomoncLB campeBtriB var. armoraciao. 

10. XanthomonoB ciiri. 

11. Xanihomonas corylina, 

12. XanihomonoB cucurbitae. 

13. XanthomoncLB dieffenbachiae, 

14. Xanihomonas holcicola, 

15. Xanihomonas incanae. 

16. Xanihomonas juglandis. 

17. XanihomoncLs lespedezae. 

18. Xanihomonas malvacearum, 

19. XanihomonoB pelargonti. 

20. Xanihomonas phaseoli, 

20a. Xanihomonas phaseoli var. sojense. 

21. Xanihomonas plantaginis. 

22. Xanihomonas ricinicola. 

23a. Xanihomonas translucens f. sp. hordei, 

23b. Xanihomonas iranslueens f. sp. undalosa, 

23c. Xanihomonas translucens f. sp. secalis, 

23d. Xanihomonas translucens f. sp. hordei-avenae, 
23e. Xahihomonas translucens f. sp. cerealis, 

24. Xanihomonas vasculorum, 

25. Xanihomonas vesicaioria. 

25a. Xanihomonas vesicaioria var. raptont. 
dd. Blown pigment produced in beef-extract media. 

26. Xanihomonas nakatae^ 

20b. Xanihomonas phaseoli var. juscans. 
cc. Nitrites produced from nitrates. 

27. Xanihomonas papavericola. 
ccc. Ammonia formed in nitrate media. 

28. Xanihomonas alfalfae. 
bbb. Starch not hydrolysed. 

c. Nitrites produced from nitrates. 

29. Xanihomonas aeernae, 

CO. Nitrites not produced from nitrates. 

30. Xanihomonas ccurotae* 

31. Xanihomonas hederas, 

32. Xanihomonas phormicola. 

25. Xanihomonas vesicaioria. 

ccc. Ammonia formed in nitrate media. 

33. Xanihomonas geraniu 
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bbbb. Starch hydrolysis not reported. 

c. Nitrites produced from nitrates. 

34. XarUhomonaa antirrhini. 

35. Xanthomonas hfiterocea. 
cc. Nitrites not produced from nitrates. 

36. Xanthomonas gummiaudans. 

37. Xanthomonas lactucae, 

38. Xanthomonas nigromaculana, 
aa. Gelatin not liquefied. 

b. Starch not hydrolyzed. 

39. Xanthomonas oryzae, 
aaa. Gelatin not reported. 

b. Starch hydrolyzed. 

40. Xanthomonas celehensu. 

2. Colonies whitish to cream. 

a. Gelatin liquefied. 

b. Starch hydrolyzed. 

c. Nitrites produced from nitrates. 

41. Xanthomonas panict. 

42. Xanthomonas proteomaculans. 

43. Xanthomonas manihotis. 
cc. Nitrites not reported. 

44. Xanthonuinas ntbrisubalbicans. 
bb. Starch not reported. 

45. Xanihotnonas cannar 

46. Xanthomonas zingiberi. 

47. Xanthomonas conjaci. 


1. Xanthomonas hyacinth! (Wakker) 
Dowson. (Bacterium hyacinthi Wakker, 
Botan. Centralblatt, 1853, 315; 

Bacillus hyacinthi Trevisan, 1 generi e le 
specie delle Batteriacee, 1889; 19; Pseudo¬ 
monas hyacinthi £rw. Smith, Bot. 
Gazette, F4, 1897, 188; Phytomonas 
hyacinthi Bergey et al.. Manual, Ist cd., 
1923, 177; Dowson, Cent. f. Bakt., II 
Abt., 100, .1939, 188.) From Gr. hy- 
acinthus, the hyacinth; M. L. Hya- 
cinthus, a generic name. 

Description from Smith, Div. Veg. 
Phys. and Path., U. S. D. A. Bul. 26, 
1901, 40. 

R(^: 0.4 to 0.6 by 0.8 to 2 microns. 
Motile with a polar flagellum. Filaments 
present. Gram-negative. 

Gelatin: Slow liquefaction. 

Agar colonies: Circular, flat, moist, 
shining, bright yellow. Media stained 
brown. 


Milk' Casein is precipitated and 
digested. Tyrosine crystals produced. 
Nitrites not produced from nitrates. 
Indole: Slight production. 

Hydrogen sulfide is produced. 

Acid, no gas, from glucose, fructose, 
galactose, sucrose and maltose. 

Starch: Hydrolysis slight. 

Optimum temperature 28° to 30°C. 
Maximum 34® to35°C. Minimum 4®C. 

Aerobic, with the exception of maltose, 
where it is facultative anaerobic. 

Habitat: Produces a yellow rot of 
hyacinth bulbs, Hyacinthua orientalis. 

2. Xanthomonas prunl (Erw. Smith) 
Dowson. (Pseudomonas pruni Erw. 
Smith, Science, N. S. 17, 1903, 456; 
Bacterium pruni Erw. Smith, Bacteria in 
Relation to Plant Dis., 1, 1905, 171; 
BaeUlus pruni Holland, Jour. Bact., 5, 
1920, 220; Phytomonas pruni Bergpy et 
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al., Manual, 1st ed., 1923, 179; Dowson, 
Cent. f. Bakt., II Abt., iOO, 1939, 190.) 
From L. prunua, plum; M. L. Prunua, a 
generic name. 

Probable synonym: Phytomonaa ceraai 
wraggi Sackett, Col. Agr. Exp. Sta. Kept., 
5$, 1925, 17; Paeudomonaa cercLai wraggi^ 
ibid.; Bacterium ceraai wraggi Elliott, 
Bact. Plant Pathogens, 1930, 111. 

Description from Dunegan, U. S. Dept. 
.\gr., Tech. Bull. 273, 1932, 23. 

Rods: 0.2 to 0.4 by 0.8 to 1.0 microns. 
Capsules. Motile with a polar flagellum. 
Gram-negative. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Yellow, 
circular, smooth, convex, edges entire. 

Broth: Turbid becoming viscid. 

Milk: Precipitation of casein and 
digestion. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not produced. Hy¬ 
drogen sulfide produced (Burkholder). 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., S2, 1942, 600). 

Acid from arabinose, xylose, glucose, 
fructose, galactose, mannose, maltose, 
lactose, sucrose, rnflinose, melezitose. 

Starch is hydrolyzed (slight). 

Aerobic. 

Optimum temperature 24® to 29®C\ 
Masdmum 37 ®C. 

Source: Smith isolated the pathogen 
from Japanese plums. 

Habitat: Pathogenic on plum (Prunus 
aalicina), peach (P. peraica), apricot 
(P. armenicca), etc. 

3. Xanthomonas vltiana (Brown) Starr 
and Weiss. (Bacterium vitiana Brown, 
Jour. Agr. Res., 15,1918,379; Phytomonaa 
vitiana Bergey et al.. Manual, 1st ed., 
1923, 183; Paeudomonaa vitiana Stapp, 
in l^rauer, Handb. d. Pflanzenkrank., 
5, 5 Aufl., 1928, 287; Starr and Weiss, 
Phytopath., 55,1943, 316.) From I^atin, 
tfitiana, injuring, infecting. 

Rods: Motile with bipolar flafella. 
Qram^nefatiye. 


Gelatin; Slow liquefaction. 

Beef-extract agar colonies: Circular, 
smooth, thin, cream to cream-yellow. 

Broth: Turbid with yellow ring. 

Milk: Clears^and turns alkaline. 

Nitrites not produced from nitrates. 

Indole: Feeble production. 

Hydrogen sulfide: Feeble production. 

Acid but not gas from glucose. 

Starch: Feeble hydrolysis. 

Optimum temperature 26® to 28®C. 
Maximum 35®C. Minimum 0®C. 

Aerobic. 

Source: Isolated from the stem of 
diseased lettuce plants from South 
Carolina. 

Habitat: Pathogenic on lettuce. Lac- 
(7ica aativa. 

4. Xanthomonas beticola (Smith, 
Brown and Townsend) comb. nov. (Bac¬ 
terium belicolum Smith, Brown and 
Townsend, U. S. Dept. Agr., Bur. Plant 
Ind., Bui. 213, 1911, 194; Paeudomonaa 
beticola Holland, Jour. Bact., 5, 1920, 
224; Phytomonaa beticola Bergey et al.. 
Manual, 1st cd., 1923,182.) From Latin, 
hr(a. beet; -cola, dweller. 

De-cription from Brown, Jour. Agr. 
Res., 57, 1928, 167, where the species is 
referred to as Bacterium beticola (Smith, 
Brown and Townsend) Potebnia. 

Hods: 0.4 to O.S by 0.6 to 2.0 microns. 
Motile with 1 to 4 polar flagella. Cap¬ 
sules. Gram-variable. 

Gelatin: Liquefaction. 

Beef-agar slants: Moderate filiform 
growth, flat, glistening, yellow. 

Broth: Turbid, yellow ring, abundant 
sediment. 

Milk: Coagulation and peptonization. 

Indole not formed. 

H 3 «^drogen sulfide formed. 

Nitrites produced from nitrates. 

Acid from glucose, sucrose, maltose, 
mannitol. No acid from lactose. 

Starch hydrol 3 r 8 i 8 feeble. 

Optimum temperature 29^. Maxi¬ 
mum hfinimum 1.6^. 
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Optimum pH 6.5. Maximum 9.0 to 
9.5. Minimum 4.5 to 4.8. 

Tolerates salt up to 9 per cent. 

Aerobic. 

Source: Isolated from galls on sugar 
beets collected in Colorado, Kansas, 
and A^rginia. 

Habitat: Produces gall on sugar beets 
and on garden beets. 

Note: It is doubtful whether this 
species belongs in this genus. 

5. Xanthomonas lactucae-scariolae 
(Thomberry and Anderson) comb, nov, 
{PhyUmonas lactwoe-scariolae Thorn- 
berry and Anderson, Phytopath., f7, 
1937, 109.) From Lactuca seariola, the 
host. 

Rods: 0.5 to 1.0 by 1.0 to 1.5 microns. 
Motile with 1 -or 2 polar flagella. Chains 
present. Capsules. Gram-negative. 

Gelatin; Slow liquefaction. 

Glucose agar colonies: Round, entire, 
finely granular, amber yellow. 

Broth: Turbid. No pellicle. A yel¬ 
low rim. 

Milk: Slight acid, and peptonization. 

Nitrites are produced from nitrates. 

Hydrogen sulfide not formed. 

No gas from carbon sources. 

Starch: Slight diastatic activity. 

Optimum temperature 25**C. Maxi¬ 
mum 35^0. Minimum 7^C. 

Aerobic. 

Source: Isolated from necrotic lesions 
on wild lettuce. 

Habitat: Pathogenic on wild lettuce, 
Laetuea ocariola, but not on cultivated 
lettuce, Laetuea sativa. 

6 . Xanthomonas rubiillneans (Lee et 
al.) Starr and Burkholder. (Phytomonaa 
rubrilineana Lee, Purdy, Bamum and 
Martin, Hawaiian Sugar Planters’ Assoc. 
Bull., 1925,25; Paeudemonaa rubrilineana 
Stapp, in Sorauer, Handb. d. Pfianzen- 
krank., F, 5 Aufl., 1928, 85; Baeterium 
rubrilineana Elliott, Man. Bact. Plant 
Fhth., 1930, 195; Starr and Burkholder, 
Phytopath., H, 1942, 600.) From L. 
ruber, rad; lineana, striping. 


Rods: 0.7 by 1.67 microns. Motile 
with 1 or seldom more polar flagella. 
Gram-negative. 

Gelatin: Liquefaction. 

Agar (Beef-extract 4- glucose) col¬ 
onics; Small, smooth, glistening, buff to 
yellow. 

Broth: Turbid with pellicle. Sedi¬ 
ment. 

Milk: (IJasein precipitated and digested. 

Nitrites are produced from nitrates. 

Indole not produced. 

Hydrogen sulfide not formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 5F, 1942, 600). 

Acid from glucose, fructose, arabinose, 
xylose, lactose, sucrose, raffinose and 
mannitol. 

Starch; Slight hydrolysis. 

Growth range, pH 6.4 to pH 7.3. 

Facultative anaerobe. 

Source; Description from 3 cultures 
isolated from the red stripe lesions in 
sugar cane. 

Habitat: Pathogenic on sugar cane. 

7. Xanthomonas barbareae Burkholdei. 
(Burkholder, Phytopath., 5/, 1941, 348* 
Phytomonaa barbareae Burkholder, ibid,) 
From M. L. Barbarca, a generic name. 

Rods: 0.4 to 0.95 by 1.0 to 3.15 microns. 
Motile with a single polar fiagellum. 
Gram-negative. 

Gelatin: Liquefaction. 

Beef-extract peptone colonies: Cir¬ 
cular, yellow, smooth, butyrous, growth 
moderate. 

Potato glucose agar: Growth abun¬ 
dant, pale yellow. Mucoid. 

Broth: Turbid, yellow granular ring. 

Milk: Soft curd, with clearing and 
production of tyrosine crystals. Litmus 
reduced. 

Nitrates utilized but no nitrites formed. 
Asparagine and nitrites not utilised. 

Hydrogen sulfide produced. 

' Indole not formed. 

Lipolytic (Starr and Burkholder, toe. 
eit,). 

Acid from glucose, galactose, xylose, 
maltose, sucrose, and glycerol. Alkali 
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produced from salts of malonio, citric, 
malic, and succinic acids. Rhamnose, 
salicin and hippuric acid salts not 
utilized. 

Starch hydrolyzed. 

Aerobic. 

Distinctive characters: Similar to 
Xanlhomonaa campeatris but does not 
infect cabbage, cauliflower or horseradish. 

Source: From black rot of winter cress, 
Barbarea vulgarU. 

Habitat: Pathogenic on leaves and 
stems of Barbarea vulgaris. 

8 . Xanthomonas begonlae (Takimoto) 
Dowson. {Bacterium begoniae Takimoto, 
Jour. Plant. Protect., 21, 1934 , 262; 
Pseudomonas begoniae Stapp, Arbciten 
Biol. Keichsanst. f. Land- und Forstw., 
22, 1038, 302; Phytomonas begoniae Burk¬ 
holder, in Manual, 5th ed., 1939, 162; 
Dowson, Cent. f. Bakt., II Abt., 100, 
1939, 190.) From M. L. Begonia, a 
generic name. 

Probable synonyms; Bacterium be¬ 
goniae Buchwald nom. nud., Gartner- 
Tidende, 46, 1933, 1; Phytomonas flava 
begoniae Wieringa, Tidschr. Plantziekt., 
4ft 1935, 312; Bacterium flavozonata 
McCulloch, Jour. Agr. Res., 54, 1937, 859 
{Xanthomonas flavozoncUum Dowson, loc. 
cit.). 

Translated by Dr. K. Togashi. 

Rods: 0.5 to 0.6 by 1.2 to 2.0 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: No liquefaction. Liquefac¬ 
tion (Wieringa, loc, cit., McCulloch, 
loc, cit,, Dowson, loc, cit,, and Stapp, 
loc, cit,). 

Potato agar colonies: Circular, convex, 
smooth, moist, shining, yellow. 

Broth: Turbid. Yellow pellicle and 
precipitation. 

Milk: No coagulation. Casein digested 
Alkaline. 

Nitrites not produced from nitrates. 

Indole not produced. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., Si, 1042, eoo). 


Starch hydrolyzed (Dowson, Jour. 
Roy. Hort. Soc., 6S, 1938, 289). 

No acid or gas in peptone broth from 
glucose, sucrose, lactose or glycerol. 
Acid from glucose, sucrose, lactose, 
mannitol and gfycerol in peptone-free 
medium (McCulloch, loc, cit.). 

Optimum tcm()eraturc 27®C. Maxi¬ 
mum 37®C^ Minimum 1® to 3®C. 

Source: Iscdated from leaf spot of 
begonia. 

Habitat: Pathogenic on Begonia spp, 

9. Xanthomonas campestrls (Pam- 
mel) Dowson. {Bacillus campestris 
Pammel, Iowa Agr. Exp. Sta. Bull. 27, 
1895, 130; Pseudomonas campestris Erw. 
Smith, Cent. f. Bakt., II Abt., S, 1897, 
284; Bacterium campestiis (sic) Chester, 
Del. Col. Agr. Exp. Sta. Ann. Rept., 9, 
1897, 110; Phytomonas campestris Bergey 
et al.. Manual, Ist ed., 1923,176;Dowson, 
C^nt. f. Bakt., II Abt., 100, 1939, 190.) 
From L. campestris of the field. 

Description from McCulloch (Jour. 
Agr. Res., S8, 1929, 278). Species is 
probably composed of several varieties. 
See descriptions by Mckta, Ann. Appl. 
Biol., 12, 1925, 330; Paine and Nirula, 
Ann. Appl. Biol., 16, 1928, 46; Wormald 
and Frampton, Ann. Rept. East. Mall. 
Res. Sta., 1926 and 1927, II Supplement, 
1928, 108; and others. 

Rods: 0.3 to 0.5 by 0.7 to 2.0 microns. 
Motile with a polar flagellum. Capsules. 
Gram-negative. 

Gelatin: Liquefied. 

Beef agar colonies: Wax yellow, round, 
smooth, shining, translucent, maigins 
entire. 

Broth: Turbid with yellow rim and 
sometimes a pellicle. 

Milk: Casein digested with the forma* 
tion of tyrosine crystals. Alkaline. 

Nitrites not produced from nitrates. 

Indole formation weak. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., $2, 1942, 600). 

Acid, no gas, from glucose, sucrose, 
laotose, glyoerol and mannitol. 
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St&rch is hydrolysed. 

Optimum temperature 28*" to SO'^C. 
Maximum 36^C. 

Aerobic. 

Distinctive characters: Causes a vas¬ 
cular infection in cabbage, cauliflower 
and rutabagas. 

Source: Pammel (toe. cit.) first isolated 
the pathogen from diseased rutabagas. 

Habitat: Pathogenic on cabbage, cauli¬ 
flower and other related species. 

da. XarUhonionas campesiris var. ar- 
moraciae (McCulloch) Burkholder. 
(Bacterium campesire var. armoraciae 
McCulloch, Jour. Agr. lies., S8, 1029, 
269; Phylomonas camj)€8tris var. ar¬ 
moraciae Bergey et al.. Manual, 3rd ed.. 
1930, 251; Burkholder, Phytopath., S2, 
1942, 601.) From Gr. Armoracia^ the 
horse radish. 

Cultural characters same as Xanlho- 
monas campesiris. 

Distinctive characters: Causes a leaf 
spot of horse radish. No vascular in¬ 
fection. 

Source: Isolated from diseased horse¬ 
radish leaves collected in Washington, 
D. C., Virginia, Connecticut, Iowa and 
Missouri. 

Habitat: Pathogenic on horse radish 
and related species. 

10 . Xanthomonas citri (Hasse) Dowson. 
(pBeudomonas citri Hasse, Jour. Agr. 
Res., 4t 1915,97; Bacterium citri Doidge, 
Union So. Africa, Dept. Agr. Sci. Bui. 8, 
1916, 20; Bacillus citri Holland, Jour. 
Bact., S, 1920, 218; Phylomonas citri 
Bergey et al., ^nual, 1st ed., 1923,181; 
Dowson, Cent. f. Bakt., II Abt., 100, 
1939,190.) From M. L. Citrus, a generic 
name. 

Rods: 0.5 to 0.75 by 1.5 to 2 microns, 
occurring in chains. Motile with a single 
polar flagellum. Gram-negative. 

Gelatin: Liquefied. 

Beef agar colonies: Appear in 36-^8 
hours, circular, smooth, raised, dull 
yellow. 

Broth: Turbid in 24 hours. A yellow 
ring fonnod* 


Milk: Casein is precipitated. 

Nitrites not produced from nitrates. 

Hydrogen sulfide produced (Reid, New 
Zealand Jour. Sci. and Tech., 8B, 1938,60}. 

Indole not formed. 

No gas from glucose, lactose or man¬ 
nitol. 

Starch hydrolyzed (Reid, toe. ct(.). 

Aerobic. 

Optimum temperature, 25® to 34®C. 
Maximum 38®C. Minimum 10®C. 
(Okabe, Jour. Soc: Trop. Agr., 4» 1932, 
476). 

Source: Isolated from canker on orange. 

Habitat: Produces a canker on many 
species of Citrus and related plants. 

11 . Xanthomonas corylina Miller. Bol- 
len, Simmons, Gross, and Barss. (Miller 
et al., Phytopath., SO, 1940, 731; Phyto^ 
monos corylina Miller et al., ibid.) 
From Gr. corylus, the hazelnut; M. L. 
corylina, of the hazel nut. 

Rods: 0.5 to 0.7 by 1.1 to 3.8 microns. 
Motile with a polar fhigcllum. Capsules. 
Gram-negative. 

Gelatin: Liquefaction 

Nutrient glucosc-agar streaks: Abun¬ 
dant growth, filiform, convex, glistening, 
smooth, opaque, pale lemon yellow, viscid. 

Broth: Turbid. Ring formed in 2-5 
days. 

Milk: Enzymatic curd that is slowly 
digested. Litmus reduced. Crystal for¬ 
mation (Burkholder). 

Nitrites not produced from nitrates. 

Nitrogen sources utilized are peptone, 
aspartic acid, alanine, leucine, sodium 
ammonium phosphate, allantoin, tyro¬ 
sine, uric acid and brucine. 

Indole is not produced. 

Hydrogen sulfide not produced on lead 
acetate agar. H,S produced after Zobell 
and Feltham’s method (Burkholder). 

Selenium dioxide reduced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., SB, 1942, 600). 

Acid, no gas from glucose, fructose, 
galactose, lactose. Sucrose, maltose, xy¬ 
lose, raffinose, mannitol, glycerol, and 
starch. Alkali from salts of citric, lactic, 
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malic and succinic acids. Arabinose, 
rhamnose, dulcitol, salicin, inulin, and 
cellulose not utilized. 

Starch is hydrolyzed. 

Optimum temperature 28® to 32®C 
Maximum 37®C. Minimum 5® to 7®C. 
Thermal death point 63® to 66®C. 

pH range for growth: pH 5.2 to 10.5. 
Optimum pH 6 to 8. 

Strict aerobe. 

Distinctive characters: Cultural char¬ 
acters the same or similar to Xaniho- 
monos juglandis. The tw'o species do 
not cross-infect. 

Source: 26 isolates from widely scat¬ 
tered 61bert orchards in Oregon and 
Washington. 

Habitat: Pathogenic on hlberts (Cory- 
lus avellana and C. maxima). 

12. Xanthomonas cucurbitae (Hryan^ 
Dowson. (Bacterium cucurbitae Bryan, 
Science, 53, 1926, 165; Bryan, Jour. Agr. 
lies., JiOf 1930, 389; Phylomonas cucur¬ 
bitae Bergey et al , Manual, 3rd ed., 
1930,251; Pseudomonas cucurbitae Stapp, 
Bot. Rev., /, 1935, 408; Dowson, Cent. f. 
Bakt., II Abt., 100, 1939, 190.) J'rom L. 
curcurbita, a gourd; M. L. Cucurbita, a 
generic name. 

Rods: 0.45 to 0.6 by 0.5 to 1.3 microns. 
Motile, usually wdth a single polar flagel¬ 
lum. Gram-negative. 

Gelatin: Liquefied. 

Beef-agar slants: Growth moderate, 
mustard yellow, undulating margins, 
viscid to butyrous. 

Broth: Moderately turbid. Ring and 
yellow sediment. 

Milk: Precipitation of ca.sein and diges¬ 
tion. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

Acid from glucose, galactose, fructose, 
lactose, maltose, sucrose and glycerol. 
No acid from mannitol. 

Starch is hydrolysed. 

Optimum temperature 25® to 30®C. 
Maximum 35®C. 


Optimum pH 6.5 to 7.0. Limita of 
growth pH 5.8 to 9.0. 

Slight growth in 5 per cent salt. 

Aerobic. 

Source: Species first isolated from 
squash. 

Habitat: Causes a leaf spot of squash 
and related plants. 

13. Xanthomonas dieffenbachiae (Mc¬ 
Culloch and Pirone) Dowson. (Phy- 
tomonas dieffenbachiae McCulloch and 
Pirone, Phytopath., fP, 1939, 962; Bac¬ 
terium dieffenbachiae McCulloch and 
Pirone, ibid.; Dowson, Trans. Brit. 
Mycol. Soc., 35, 1943, 12.) From M. L. 
Dieffenbachia, a generic name. 

Rods: 0.3 to 0.4 by 1.0 to 1.5 microns. 
Motile with a single polar flagellum. 
Capsules. Gram-negative. 

Gelatin: Liquefied. 

Beef-infusion peptone agar colonies: 
Slow growing, circular, flat, smooth, 
translucent. Butyrous. Massicot to 
Naples yellow. 

Broth: Turbid. Yellow rim or slight 
pellicle. 

Milk: Slow peptonization and forma¬ 
tion of tyrosine crystals. Litmus re¬ 
duced. 

Nitrites not formed from nitratesi 

Indole not produced. 

Hydrogen sulfide produced. 

Acid from glucose, sucrose, lactose, 
galactose, fructose and glycerol. Growth 
but no acid in maltose and mannitol. 

Starch moderately hydrolyzed. 

Optimum temperature 30® to 31 ®C. 
Maximum 37® to 38®C. Minimum 5®C. 

Aerobe. 

Source: Seven isolates from diseased 
leaves of Dieffenbachia pxcia. 

Habitat: Pathogenic on Dieffenbachia 
picta. Artificial infection of Dracaena 
frayrane. 

14. Xanthomonas hoicicola (Elliott) 
Starr and Burkholder. (Boefentim hol- 
cicola Elliott, Jour. Agr. Res., 40, 1930, 
972; PhyUmonae hoicicola Bergey et al., 
Manual. 4th ed., 1934, 271; Peeudomonae 
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kolcieola Stapp, Bot. Rev., i, 1935, 407; 
Starr and Burkholder, Phytopath., $$, 
1942, 600.) From Or. holeus, sorghum, 
-cola, dweller; M. L. Holeua^ a generic 
name. 

Rods; 0.75 by 1.58 microns. Motile 
with 1 or 2 polar flagella. Capsules. 
Gram-native. 

Gelatin: Liquefied. 

Beef-infusion peptone agar colonies: 
Round, umbonate, glistening, smooth, 
translucent to opaque, wax yellow, buty- 
rous. 

Broth: Trace of growth in 24 hours. 
Later turbid with a slight ring. 

Milk: Casein precipitated and pep- 
tonixed. A1 kaline. 

Nitrite production doubtful. 

Indole not produced. 

Hydrogen sulfide is produced. 

Lipolytic (Starr and Burkholder, loc. 

dU), 

Acid, no gas, from sucrose. 

Starch is hydrolyzed. 

Optimum temperature 28® to 30®C. 
Maximum 36® to 37®C. Minimum 4®C. 

Optimum pH 7.0 to 7.5. Growth 
range pH 5.5 to 9.0. 

Source: Isolated from many collections 
of sorghum leaves showing a streak 
disease. 

Halntat: Pathogenic on leaves of 
Holcus sorghum and H, halepensis. 

15. Xanthomonas incanae (Kendrick 
and Baker) Starr and Weiss. (Phyto- 
monos incanae Kendrick and Baker, 
California Bull. 665, 1942, 10; Starr and 
Weiss, Phytopath., 5$, 1943,316.) From 
its host plant Matthiola incana ; L. 
ineanus, quite gray or hoary. 

Rods: 0.4 to 0.8 by 0.6 to 2.5 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: liquefied. 

Beef extract agar colonies: Round, 
smooth, convex or pulvinate, glistening, 
margin entire, picric yellow to amber color. 

Broth: Turbid. 

Milk: No coagi^tion. A clearing of 
the medium. 


Nitrites not produced from nitrates. 

Indole not formed. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 52, 1942, 600). 

Acid but no gas from glucose, lactose, 
sucrose, mannitol, d-galactose, xylose, 
d-mannose, raffinose, trehalose, and glyc¬ 
erol. No acid from maltose, l-arabinose, 
or rhamnose. 

Starch not hydrolyzed. Starch hy¬ 
drolyzed (Burkholder). 

Tolerates 3 per cent salt. 

Growth in beef broth at pH 4.4. 

Aerobic. 

Distinctive characters: dJauses a dis¬ 
ease of flowering stock but not of cabbage. 
Differs from Xanihomonas campestris in 
that it does not utilize l-arabinose, nor 
maltose. 

Source: Four isolates from diseased 
plants of Matthiola incana. 

Habitat: Pathogenic on flowering 
stocks. 

16. Xanthomonas juglandis (Pierce) 
Dowson. (Pseudomonas juglandis Pierce, 
Bot. Gaz., 5f, 1901, 272; Bacterium 
juglandii Erw. Smith, Bacteria in Rela¬ 
tion to Plant Dis., f, 1905, 171; Bacillus 
juglandis Holland, Jour. Bact., 5, 1920, 
218; Phytomonas juglandis Bergey et al.. 
Manual, 3rd ed., 1930, 247; Dowson, 
Cent. f. Bakt., II Abt., 100, 1939, 190.) 
From L. juglans ( andis), the walnut; 
M. L. Juglans, a generic name. 

Description taken from Miller et al., 
Phytopath., 50, 1940, 731. 

Rods: 0.5 to 0.7 by 1.1 to 3.8 microns. 
Motile with a polar flagellum. Capsules. 
Gram-negative. 

Gelatin: Liquefaction. 

Nutrient glucose-agar streaks: Abun¬ 
dant growth, filiform, convex, glistening, 
smooth, opaque, pale lemon yellow, 
viscid. 

Broth: Turbid. Ring formed in 2 to 
5 days. 

Milk: Enzymatic curd that is slowly 
digested. Litmus reduced. Crystal for¬ 
mation (Burkholder). 

Niiritea not produced from nitrates* 
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Nitrogen sources utilized are peptone, 
aspartic acid, alanine, leucine, sodium 
ammonium phosphate, allantoin, tyrosine 
uric acid and brucine. 

Indole is not produced. 

Hydrogen sulfide not produced on lead 
acetate agar. HtS produced after Zobell 
and Feltham’s method (Burkholder). 

Selenium dioxide reduced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., Se, 1942, 600). 

Acid, no gas from glucose, fructose, 
galactose, lactose, sucrose, msiltose, xy¬ 
lose, raffinose, mannitol, glycerol, and 
starch. Alkali from salts of citric, lactic, 
malic and succinic acid. Arabinose, 
rhamnose, dulcitol, salicin, inulin, and 
cellulose not utilized. 

Starch is hydrolyzed. 

Optimum temperature 28^ to 32^0. 
Maximum 37^0. Minimum 5" to 7°C. 
Thermal death point 53* to 55*0. 

pH range for growth pH 5.2 to 10.5. 
Optimum pH 6 to 8. 

Source: Isolated from black spots on 
the leaves and nuts of English walnuts, 
Juglana regia. 

Habitat: Pathogenic on the walnut, 
Juglana spp. 

17. Xanthomonas lespedezae (Ayers, 
Lefebvre and Johnson) comb. nov. (Phy- 
tomonas lespedezae Ayers, Lefebvre and 
Johnson, U. 8. Dept. Agr. Tech. Bui. 
704, 1939, 19.) From M. L. Lespedeza, 
a generic name. 

Rods: 0.56 by 1.62 microns. Single, 
in pairs or occasional short chain. Mo¬ 
tile with 1 polar flagellum. Gram¬ 
negative. Capsules. 

Gelatin: Liquefied. Also egg albumin 
and blood serum. 

Nqtrient agar colonies: Circular, 
raised, glistening, translucent, and vis¬ 
cid. Yellow. 

Broth: Turbid in 48 hours. 

Milk: Peptonized and becomes alka¬ 
line. 

Nitrites not produced from nitrates. 

Indole is produced after 11 days. 

HydiogsB sulfide is produced. 


No gas in carbohydrates. 

Starch hydrolyzed. 

Aerobic. 

Optimum temperature near 35*C. 
No growth at 5*C. or at 40*C. 

Source: Isolated from diseased Lee- 
pedeza spp. collected in Virginia, New 
York and Dlinois. 

Habitat: Pathogenic on Lespedeza spp. 

18. Xanthomonas malyaceansm (Erw. 
Smith) Dowsod. (Pseudomonas mal^ 
vaeearum Erw. Smith, U. S. Dept. Agr., 
Div. Veg. Phys. and Path., Bui. 28,1901, 
153; Bacterium malvacearum Erw. Smith, 
Bact. in Rel. to Plant Diseases, i, 1905, 
171; Bacillus malvacearum Holland, 
Jour. Bact., J, 1920, 219; Phytomonas 
malvacearum Bergey et al.. Manual, 1st 
ed., 1923, 178; Dowson, Cent. f. Bakt., 
II Abt., m, 1939, 190.) From L. 
malvat mallows; M. L. Malvaceae^ a 
family name. 

Description from Elliott, Man. Bact. 
Plant Pathogens, 1930, 153; and Lewis, 
Phytopath., tO, 1930, 723. 

Rods: Motile with one polar flagellum. 
Gram-negative. 

Gelatin: Liquefaction. 

Agar slants: Moderate growth, convex, 
smooth, glistening, pale yellow, wavy to 
irregular margins. 

Broth: Slight to moderate turbidity. 
Sediment. 

Milk: Casein precipitated and slowly 
digested. 

Nitrites not produced from nitrates. 

Hydrogen sulfide is produced (Burk¬ 
holder). 

Not lipolytic (Starr and Burkholder, 
Phytopath., 5«, 1942, 600). 

Acid but not gas from glucose, galac¬ 
tose, fructose, xylose, lactose, maltose, 
sucrose, raffinose, glycerol, inulin and 
glycogen. Alkaline reaction from salts 
of acetic, citric, lactic and succinic adds. 
No fermentation of arabinose, mannitol, 
dulcitol, salidn, and salts of formic, 
oxalic and tartaric adds (Lewis, foe. ed). 

Starch hydrolysed (Lewis, foe. eil.). 
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Optimum temperature 25'' to 30^0. 
Maximum 36" to 38"C. (Elliott, loc. cti.). 

Source: Isolated from angular leaf spot 
of ootton. 

Habitat: Pathogenic on cotton where- 
ever it is grown, causing a leaf spot, a 
stem lesion and a boll lesion. 

19. Xanthomonas pelargonii (Brown) 
Starr and Burkholder. (Bacterium pe- 
largoni Brown, Jour. Agr. Res., 1923, 
372; Peeudomanas pelargoni Stapp, in 
Sorauer, Handb. d. Pflanzenkrank, f, 5 
Aufl., 1928, 181; Phyiomonas pelargonii 
Bergey et al.. Manual, 3rd ed., 1930, 
250; Starr and Burkholder, Phytopath., 
1942, 600.) From Greek, pelargus, 
the stork; M. L. Pelargonium, a generic 
name for the stork’s bill geranium. 

Rods: 0.67 by 1.02 microns. Capsules. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: Slow liquefaction. 

Beef-agar colonies: Cream-colored, 
glistening, round, with delicate internal 
markings. 

Broth: Turbid in 24 hours. Incom¬ 
plete pellicle. 

Milk: Alkaline. Clearing in bands. 

Nitrites not produced from nitrates. 

Indole formation slight. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 5f, 1942, 600). 

Slight add but not gas from glucose, 
sucrose and glycerol. 

Starch hydrolysis feebly positive. 

Optimum temperature 27"C. Maxi¬ 
mum 35"C. 

No growth in broth plus 3.5 per cent 

salt. 

Aerobic. 

Source: Isolated from spots on leaves 
of Pelargonium from District of Colum¬ 
bia, Maryland and New Jersey. 

l^bitat: Pathogenic on Pelargonium 
opp, and Geranium epp. 

20. Xanthomonas phaseoll (Erw. 
Snuth) Dowson. (Bacilluephaeeoli Erw. 
Smith, Bot. Gas., FJ, 1807, 192; A. A. A. 


S. Proc., 4F, 1898, 288; Peeudomonae 
phaeeoli Erw. Smith, U. S. Dept. Agr., 
Div. Veg. Phys. and Path., Bui. 28,1901, 
1; Bacterium phaaeoli Erw. Smith, 
Bact. in Rel. to Plant Dis., 1, 1905, 72; 
Phytomonaa phaaeoli Beigey et al.. 
Manual, 1st ed., 1923, 177; Dowson, 
Cent. f. Bakt., II Abt., 100, 1939, 190.) 
From Gr. phaaeolua, the bean; M. L. 
Phaaeolua, a generic name. 

Description from Burkholder, Cornell 
Agr. Exp. Sta. Mem. 127, 1930, 18; 
and Phytopath., SB, 1932, 609. 

Rods: 0.87 by 1.9 microns. Motile 
with a polar flagellum. Gram-negative. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Circular, 
amber yellow; smooth, butyrous, edges 
entire. 

Broth: Turbid in 24 hours. Yellow 
ring. 

Milk: Casein precipitated and digested. 
Alkaline. Tyrosine crystals formed. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., SB, 1942, 600). 

Acid but not gas from glucose, galac¬ 
tose, fructose, arabinose, xylose, maltose, 
lactose, sucrose, raffinose and glycerol. 
Alkaline reaction from salts of acetic, 
malic, citric and succinic acids. Man¬ 
nitol, dulcitol, salicin and formic and 
tartaric acids not fermented. 

Starch is hydrolyzed. 

Aerobic. 

Very slight growth in beef broth plus 
4 per cent salt (Hedges, Jour. Agr. Res., 
S9, 1924,243). 

Distinctive character: Similar in cul¬ 
ture to Xanlhomonaa campeatria, X. 
juglandia, X. veaicatoria, etc., but they 
do not cross infect. 

Habitat: Pathogenic on the bean 
(Phaaeolua vulgaria), the hyacinth bean 
(Dolichoa lablah), the lupine (Lupinua 
polyphillua), etc. Not pathogenic on 
the soy bean (Glycine ap.), nor coarpea 
(Vigna ap»). 
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20a. Xanthomona8ph<ueoliyB,T,8ojen8ts 
(Hedges) Starr and Burkholder. (B€Ui- 
terium phaaeoli var. sojense Hedges, 
Science, 66, 1922, 11; Jour. Agr. Res., 
69, 1924, 229; PhytomoncLS phaaeoli var. 
eojenae Burkholder, Phytopath., 60, 
1930, 7; Starr and Burkholder, Phyto¬ 
path., 66, 1942, 600.) From M. L. the 
soy bean, Soja, a generic name; M. L. 
aojenaia, of the soybean. 

Synonyms; Pseudomonas glycines Na- 
kano. Jour. Plant Protect. Tokyo, 6, 1919, 
39 (Bacterium glycines Elliott, Manual 
Bact. Plant Path., 1928,133; Phytomonas 
glycines Magrou, in Ilauduroy et al., 
Diet. d. Bact. Path., 1937, 358). (See 
Takimoto, Jour. Plant Protect. Tokyo, 
IS, 1931, 29; and Okabe, Jour. Trop. 
Agr. Formosa, 4i 1932, 473.) 

Distinctive character: Differs from 
Xanlhomonas phaseoli in that it infects 
the soy bean, Glycine max. 

Source: Isolated from pustules on the 
leaves and pods of soy bean, both in 
America and in Japan. 

Habitat: Pathogenic on the soy b^n. 
Glycine max and the common bean, 
Phaseolus vulgaris. 

20b. Xanlhomonas phaseoli var. fus- 
cans (Burkholder) Starr and Burkholder. 
(Phytomonas phaseoli var. fuscans Burk¬ 
holder, CJornell Agr. Exp. Sta. Mem. 126, 
1930, 22; Phytopath., 66, 1932, 690; 
Bacterium phaseoli var. fuscans Okabe, 
Jour. Soc. Trop. Agr. Formosa, 6, 1933, 
161; Pseudomonas phaseoli var. fuscans 
Stapp, Bet. Rev., /, 1935, 407; Starr and 
Burkholder, Phytopath., 66, 1942, 600.) 
From L. fuscans, producing a brown 
color. 

Distinctive characters: Differs from 
Xanlhomonas phaseoli in that it produces 
a deep brown color in beef-extract-pep¬ 
tone media and in tyrosine media. 
.\ction on maltose negative or feeble. 

Source: Ti%*o cultures isolated; one 
from a diseased bean leaf (1924) and a 
diseased pod (1927) collected in Switz¬ 
erland. 


Habitat: Pathogenic on beans, P/ioM- 
olus vulgaris, and related plants. 

21. Xanthomonas plantaginls (Thorn- 
berry and Anderson) comb. nov. (Phy- 
tomonas planlaginis Thornberry and 
Anderson, Phytopath., 67, 1937, 947.) 
From Latin, Plantago (-aginis), plantain; 
M. L. Plantago, a generic name. 

Rods: 0.6 to 1.0 by 1.0 to 1.8 microns. 
Occurring singly or in chains. Capsules. 
Motile with 1 to 2 p )lar flagella. Gram¬ 
negative. 

Gelatin: Slight liquefaction. 

Glucose agar slant: Growth moderate, 
Aliform, raised, opaque, yellow and 
viscid. 

Broth: Moderately turbid with ring. 

Milk: Slight acidity, no reduction of 
litmus. Peptonization. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not produced. 

No appreciable amount of gas from 
carbohydrates. 

Starch is hydrolyzed. 

Optimum temperature 25®C. Mini¬ 
mum 12*^0. Maximum 35^C. Thermal 
death point 50®C. 

Aerobic. 

Source: From diseased leaves of Plan* 
tago lanceolata in Illinois. 

Habitat: Pathogenic on Plantagospp. 

22. Xanthomonas ricinicola (Elliott) 
Dowson. (Bacterium ricini Yoshi and 
Takimoto, Jour. Plant Protect. Tokyo, 
15, 1928,12; Bacterium ricinicola Elliott, 
Man. Bact. Plant Path., 1930,193; Phyto¬ 
monas ricinicola Burkholder, in Manual, 
5th ed., 1939, 152; Dowson, Cent. f. 
Bakt., II Abt., tOO, 1939, 190; XatUAo- 
monas ricini Dow'son, ibid.) From L. 
living on the castor bean; M. L. Rieintu, 
a generic name. 

Rods: 0.4 to 0.9 by 1.3 to 2.6 microns. 
Capsules. Short chains. Motile with 
polar flagella. Gram-negative. 

Gelatin: Liquefaction. 

Nutrient agar colonies: Lemon ydhvw, 
changing to brown. 
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Milk: Slightly acid. No coagulation. 
Peptoniiation. 

Nitrites not produced from nitrates. 

Acid but not gas from lactose. 

Starch hydrolyzed. 

Optimum temperature 29* to 30®C. 
Maximum 39^*0. Minimum 2.5^0. 

Aeroluc. 

Source: Isolated from leaf-spot of 
castor-bean. 

Habitat: Pathogenic on Ricinu$ com- 

mimis. 

23a. Xanihamonas translucena f. sp. 
kordei Hagborg. (Canadian Jour, of 
Res., F9, 1942, 317.) From L. trana- 
lueenct shining through, translucent, 
referring to the character of the lesion 
produced by this pathogen. Form name 
from Hordeum, a generic name. 

Synonyms: Bacterium tranalucena 
Jones, Johnson and Reddy, Jour. Agr. 
Res., if, 1917, 337; PBeudomonaa trans- 
lucene, ibid.; Phykmumae iranelucem 
Beigey et al. Manual, 3rd ed., 1930, 252; 
Xanthomonae tranalucena Dowson, Cent, 
f. Bakt., n Abt., 100, 1939,190. 

Rods: 0.5 to 0.8 by 1 to 2.5 microns. 
Motile with a single polar flagellum. 
Grsm-negative. 

Gelatin: Liquefaction. 

Beef-peptone agar colonies: Hound, 
smooth, shining, amorphous except for 
inconspicuous somewhat irregular con¬ 
centric striations within, wax-yellow 
tinged with old gold; margin entire. 

Broth: Turbidity becomes rather 
strong. Pellicle. 

Milk: Soft coagulum and digestion. 
Biilk clears. Tyrosine crystals produced. 

Nitrites not produced from nitrates. 

Indole: Slight formation. 

Hydrogen sulfide'produced. 

Lipolytic (Starr and Burkholder, Phy- 
tqpath., 3f, 1942,600). 

Anunonqi from peptone. 

Add but not gas from glucose, d- 
fmetose, d-mannose, d-galactose, sucrose, 
lactose, and sometinies salidn. No uti- 
Illation of l-rhamnose, inodtol, maltose. 


raffinose, inulin, d-mannitol, and dul- 
citol. 

Starch hydrolyzed. 

Optimum temperature 26^C. Maxi¬ 
mum 36*C. Minimum 6^C. 

Aerobic. 

Distinctive characters: All forms of 
Xanthomonaa tranalucena have the same 
cultural characters. They differ mainly 
in pathogenicity. This form is patho¬ 
genic on barley, Hordeum app ,; but not 
on oats, Avena app., rye, Secale cereale 
nor on wheat, Triiieum app. 

Source: Isolated from leaves and seed 
of barley, Hordeum vulgare. 

Habitat: Occurs naturally on barley. 

23b. Xanthomonaa tranalucena f. sp. 
unduloaa (Smith, Jones and Reddy) Hag¬ 
borg. (Bacterium tranalucena var. undu- 
loaum Smith, Jones and Reddy, Science, 
60, 1919, 48; Pseudomonaa tranalucena 
var. unduloaa Stapp, in Sorauer, Handb. 
d. Pflanzenk., t, 5 Auf., 1928, 17; Phyto- 
monaa tranalucena var. unduloaa Hagborg, 
Canadian Jour. Res., H, 1936, 347; Hag¬ 
borg, Canadian Jour. Res., iO, 1942,317.) 
From L. undo; M.L. unduloaua, undulate, 
referring to the undulation of the colony. 

Distinctive characters: Cultural cluur- 
acters same as all forms of Xanthomonaa 
tranalucena. Pathogenic on wheat, Tri- 
ticium app., barley, Hordeum app. and 
rye, Secale cereale but not on oats, 
Avena app. 

Source: Isolated repeatedly from black 
chaff of wheat. 

Habitat: Usually found on wheat caus¬ 
ing the black* chaff, and on rye. 

23c. Xanthomonaa tranalucena f. sp. 
aecalia (Reddy, Godkin and Johnson) 
Hagborg. {Bacterium tranalucena var. 
aecalia Reddy, Godkin and Johnson, 
Jour. Agr. Res., 98, 1924, 1039; Pseii- 
domona tranalucena var. aecalia Stapp, 
in Sorauer, Handb. d. Pflansenkr., 9 , 5 
Aufl., 1928,24; Phytomonaa tranalucena 
var. aecalia Burkholder, in Manual, 6th 
ed., 1939, 160;Hagboig, Canadian Jour. 
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Res., W, 1042, 317.) FromM.L.^seole, 
a generic name. Distinctive characters: 
Cultural characters same as other forms 
of XarUhomonoBtranalucenB, This form 
pathogenic on rye SeeaU cereale^ but 
not on Tfiticum app., Hordeum app. 
nor Avena app. 

Source: Isolated from leaf spot on rye, 
Secale eereale. 

Habitat: Pathogenic on rye. 

23d. XafUhomofuu tranaluceiu f. sp. 
hardei-avenae Hagboig. (Canadian Jour. 
Res.,20,1942,317.) FromM.L. Hordeum 
and Avena^ generic names. 

Distinctive characters: Cultural char¬ 
acters same as other forms of Xantho- 
monaa tranalucene. Pathogenic on barley, 
Hordeum app. and oats, Avena app., but 
not on wheat, TrUidum app., nor rye, 
Secale eereale. 

Source: Isolated 6 times from barley 
at various places in Canada. 

Habitat: Occurs naturally on barley. 

23e. Xanlhomonaa tranalucena f. sp. 
eerealia Hagborg. (Canadian Jour. Res., 
to, 1942,317.) From L., of cereal. 

Distinctive characters: Cultural char¬ 
acters same as other forms of Xanlho¬ 
monaa tranalucena. Pathogenic on wheat, 
Triiieum spp.; oats, Avena app.\ barley, 
Hordeum app .; and rye, Secale eereale. 

Source: Isolated from wheat in Canada. 

Habitat: Occurs naturally on wheat. 

24. Xanthomonaa vascolonim (Cobb) 
Dowson. (BacUlua vaacularum (sic) 
Cobb, Agr. Gas. of New South Wales, 4, 
1893,777; Abst. in Cent.f. Bakt.,II Abt., 
i, 1896,41; Bacterium vaacularum Migula, 
Syst. d. Bakt., f, 1900,612; Paeudomonaa 
vaacularum Erw. Smith, U. S. Dept. Agr., 
Div. Veg. Phys. and Path., Bui. 28,1901, 
163; Phytomonaa vaacularum Beigey et 
al.. Manual, 1st ed., 1923, 179; Dowson, 
Cent. f. Bakt., 11 Abt., 100, 1939, 190.) 
From L. vaaeulum, a small vessel; M. L. 
the vascular system. 

Non: Erw. Smith Oaet. in Rel. to 


Plant Dis., 8, 1914, 88) states that prbb* 
ably Spegassini (£1 Polville de la Cana 
de Azucar, June, 1896, La Plata, Supl. 
Rev. Azuc., Buenos Aires, No. 16,18^ 
reported the disease caused by Xantho¬ 
monaa vaaeulot^m but that Baeillua 
aaechari Spegazzini which he claimed 
to be the pathogen, was a saprophyte. 

Description from Smith (loe. eit., 64). 

Rods: 0.4 by 1.0 microns. Motile with 
a polar flagellum. Gram-variable. 

Gelatin: Liquefaction feeble. lique¬ 
faction good (Burkholder). 

Beef-extract agar colonies: Pale yellow, 
smooth, glistening, not noticeably viscid. 

Broth: Good growth. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., St, 1942, 600). 

Acid but not gas from glucose, fruc¬ 
tose and glycerol. 

Starch hydrolyzed (Burkholder). 

Optimum temperature 30^C. Maxi« 
mum 35^ to 37.5^0 (Elliott, loe. eit.). 

Habitat: Pathogenic on sugar cane, 
Saccharum officinarum, causing a bac¬ 
terial gummoeis. 

25. Xanthomonas vesicatoria (Doidge) 
Dowson. (Bacterium veaieatorium 
Doidge, Jour. Dept. Agr., S. Africa, 1, 
1920, 718; also Ann. Appl. Biol., 7,1921, 
428; Paeudomonaa veaicatoria Stapp, in 
Sorauer, IJandb. d. Pflanzenkiank., t, 
6 Aufl., 1928, 259; Phytomonaa veaica¬ 
toria Bergey et al.. Manual, 3rd ed., 1930, 
263; Dowson, Cent. f. Bakt., 11 Abt., 
100, 1939,190.) From L.vestca, a blister; 
M. L. veaicatoriua, causing blisters. 

Synonyms: Gardner and Kendrick 
(Phytopath., IS, 1923, 307) list Paeudo¬ 
monaa exUioaa Gardner and Kendrick 
(Phytopath., 11, 1921, 66; Bacterium 
exitioaum Gardner and Kendrick, Jour. 
Agr. Res., tl, 1921, 141; Phytomonaa 
exitioaa Beigey et al.. Manual, 1st ed., 
1923, 183) and an unnamed spedes, 
Higgins (Ph 3 rtopath, it, 1922, 613). 
Rods: 0.6 to 0.7 by 1.0 to lw5 microna 
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Motile with a polar flagellum. Capsules. 
Gram-positive. Gram-negative (Gard¬ 
ner and Kendrick; and Higgins). 

Gelatin: Liquefaction. 

Nutrient agar colonies: Good growth. 
Circular, wet-shining, Naples yellow, 
edges entire. 

Milk: Casein precipitated and slowly 
digested. Tyrosine crystals. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced (Burk¬ 
holder). 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 5F, 1942, 600). 

Acid but not gas from glucose, fruc¬ 
tose, sucrose, lactose, galactose, glycerol 
and dextrin. 

Certain strains hydrolyze starch, others 
do not (Burkholder and Li, Phytopath., 
1941, 753). 

Optimum temperature 30*’C. 

Source: Isolated from spotted tomato 
fruits in South Africa. 

Habitat: Pathogen on tomatoes, Lyco- 
persicon esculentum and peppers. Capsi¬ 
cum annuum, 

25a. Xanthomonas vesicatoria var. 
raphani (White) Starr and Burkholder. 
(Bacterium vesicatoria var. raphani 
White, Phytopath., SO, 1930, 653; Phyto- 
monos vesicatoria var. raphani Burk¬ 
holder, in Manual, 5th ed., 1939, 154; 
Starr and Burkholder, Phytopath.,'5;?, 
1942, 600.) From M. L. Raphanus, the 
radish, a generic name. 

Distinctive characters: Cultural char¬ 
acters similar to Xanthomonas vesica- 
toria, but differs in that it is able to attack 
radishes, turnips, and other crucifers. 
Differs from Xanthomonas campestris in 
that it does not cause a vascular disease, 
and differs from Xanthomonas campestris 
var. armoraciae in that it is not patho¬ 
genic on horseradish. 

Source: Isolated from leaf spots of 
radish and turnips in Indiana. 

Habitat: Pathogenic on radish, turnips, 
and other crucifers; and on tomato and 
pepper. 


26. Xanthomonas nakatae (Okabe) 
Dowson. {Bacterium nakatae Typo B, 
Okabe, Jour. Soc. Trop. Agr., Formosa, 
6, 1933, 161; Phjtomonas nakatae Burk¬ 
holder, in Manual, 5th ed., 1939, 154; 
Dowson, Trans. Brit. Mycol. Soc., S6, 
1943, 12.) Named for Nakata, the Japa¬ 
nese plant pathologist. 

Rods: 0.3 to 0.4 by 1.1 to 2.5 microns. 
Capsules. Motile with a polar flagellum. 
Gram-negative. 

Gelatin: Liquefaction. Brown color. 

Beef-extract agar colonies: Amber yel¬ 
low, round, smooth, glistening, margins 
entire. Brown. 

Broth: Moderate turbidity with yellow- 
ring. Medium turns browm. 

Milk: Casein is precipitated and di¬ 
gested. Tyrosine crystals. Brown color. 

Nitrites not produced from nitrates. 

Indole not formed. 

Slight amount HsS produced. 

Acid but not gas from glucose, sucrose, 
maltose and lactose. 

Starch: Strong diastatic action. 

Optimum temperature 30® to 32®C. 
Maxin^um 39®C. Minimum 10®C. 

No growth in beef extract broth plus 
2 per cent salt. 

Aerobic. 

Distinctive character: Differs from 
Type A in that it produces a brown pig¬ 
ment in culture. (Description of Typo A 
not seen.) 

Source: Isolated from w'ater-soaked to 
brown leaf spots on jute. 

Habitat: Pathogenic on jute, Corchorus 
capsnlaris. 

27. Xanthomonas papaverlcola (Bryan 
and McWhorter) Dowson. (Bacterium 
papavericola Bryan and McWhorter, 
Jour. Agr. Res., 40 , 1930, 9; Phytomonas 
papavericola Bergey et al., Manual, 4th 
ed., 1934, 266; Dowson, Cent. f. Bakt., 
II Abt., 100, 1939,190.) From L. papaver, 
poppy; -cola, dweller; M. L. Papaver, a 
generic name. 

Rods: 0.6 to 0.7 by 1 to 1.7 microns. 
Chains. Capsules. Motile with a single 
polar flagellum. Gram-negative. 
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Gelatin: Liquefaction. 

Beef agar colonies: Mustard yellow to 
primuline yellow, circular, margins 
entire. 

Broth: Turbidity prompt with a yellow 
ring and an incomplete pellicle. 

Milk: Soft coagulation, peptonization 
and production of tyrosine crystals. 

Nitrates: A weak reaction for nitrites 
after 10 days. 

Indole not formed. 

Hydrogen sulfide is produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 1942, 600). 

Acid but not gas from glucose, galac¬ 
tose, fructose, sucrose, lactose, maltose, 
glycerol and mannitol. 

Starch is hydrolyzed. 

Optimum temperature 26® to :10®C. 
Maximum 35®C. 

No growth in broth plus 5 per cent salt. 

Aerobic. 

Source: Isolated from black spots on 
leaves, buds and pods of poppy. 

Habitat: Pathogenic on poppy, Papaver 
rhoeaa . 

28. Xanthomonas alfalfae (Hiker 
ft al.) Dowson. (Bacterium alfalfae 
Hiker, Jones and Davis, Jour. Agr. Hes., 
5i, 1935, 177; Phytomonas alfalfae Hiker 
et al., ibid.\ Pseudomonas alfalfae Hiker 
et al., ibid.\ Dow'son, Trans. Brit. Mycol. 
Soc., 1943, 11.) From Spanish, of 
alfalfa. 

Hods: 0.45 by 2.4 microns. Motile 
with a polar Hagellum. Gram-negative. 

Gelatin: Liquefied. 

Nutrient agar stroke; Growth abun¬ 
dant, filiform, smooth, glistening, butyr- 
ous, pale yellow. 

Broth: Turbid in 24 hours. Light 
sediment. 

Milk: Oasein is precipitated and di¬ 
gested. 

Ammonia formed slowly in a nitrate 
medium. 

Carbohydrates: No acid in yeast broth 
plus sugars. 

Starch is hydrolyzed. 

Aerobic. 


Optimum temperature 2i® to 32®C. 
Maximum below 36®C. Minimum below 
4®C. 

Source: Six single cell cultures isolated 
from diseased alfalfa. 

Habitat: Pathogenic on the leaves of 
alfalfa, Medicago saliva, 

29. Xanthomonas acemea (Ugawa) 
comb. nov. (Pseudomonas acernea Ogawa, 
Ann. Phyt. Soc. Japan, 7, 1937, 123; 
Phytomonas acernea Ark, Phytopath., 

1939, 968.) From L. acemeus, of 
the maple. 

Rods: 0.2 to 0.6 by 0.5 to 1.2 microns. 
Motile with one polar flagellum. Gram¬ 
negative. 

Gelatin: Liquified. 

Agar colonies: Round, smooth, convex, 
white to citron yellow, glistening, trans¬ 
lucent with amorphous structure. 

Broth: Turbid. 

Milk: Slowly cleared; slightly acid. 
No coagulation. 

Nitrites produced from nitrates. 

Hydrogen sulfide produced. 

No gas produced in peptone water plus 
sugars. 

Starch not hydrolyzed. 

Optimum temperature about 32®C. 
Thermal death point 59®C. 

Aerobic. 

Source: From diseased leaves of Acer 
trifidum in Japan. 

Habitat:.Causes a disease in Acer spp. 
and in Acsculus turbinata and Koelren- 
leria paniculaia. 

30. Xanthomonas carotae (Kendrick) 
Dowson. (Phytomonas carotae Ken¬ 
drick, Jour. Agr. Res., 4^, 1934, 504; 
Pseudomonas carotae Kendrick, ibid.; 
Dowson, Cent. f. Bakt., II Abt., 100, 
1939, 190.) From L. carota, the carrot. 

Rods: 0.42 to 0.85 by 1.38 to 2.75 
microns. Motile with 1 or 2 polar flagella. 
Gram-negative. 

Gelatin: Liquefied. 

Potato glucose agar; Colonies round, 
smooth, glistening, margins entire, straw 
yellow in color. 
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Milk: Gasein precipitated and milk 
cleared; alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Acid, no gas, from glucose, d-galac- 
toae» xylose, df-mannose, 1-arabinose, 
sneroee, lactose, rafiinose, trelmlose, 
d-mannitol and glycerol. No acid from 
naltoee and rhamnose. 

Starch not hydrolyzed. 

Oprimum temperature 25'^ to SO^’C. 

Toleratee 4 per cent salt at pH 7. 

Aerobic. 

Source: Two original isolations from 
diseased carrots and a reisolation from 
inoculated carrots were used for the 
description. 

Hiddtat: Pathogenic on leaves of 
Dauem earoia var. saliva, 

31. Xanthomonas hederae (Arnaud) 
Dowson. (BacUrium hederae Arnaud, 
Compt. rend. Acad. Sci., Paris, 171, 
1920, 121; Phytomonae hederae Burk¬ 
holder and Guterman, Phytopath., 

1932, 783; Dowson, Cent. f. Bakt., II 
Abt.| lOOf 1939, 190.) From L. kedera, 
ivy; M. L. Nedcra, a generic name. 

Description taken from Burkholder 
and Guterman (foe. cif.). 

Hods: 0.6 by 2.13 microns. Motile 
irith a single polar flagellum. Gram- 
negative. 

Gelatin: Liquefied. 

Beef-extractHigar slants: Growth good, 
filil(»m, amber yellow, butyrous. 

Broth: Turbid. 

Milk: Gasein is precipitated and di¬ 
gested. Milk becomes alkaline. 

Nitrites not produced from nitrates. 

Hydrogen sulfide is formed. 

Indole not formed. 

Not lipolytic (Starr and Burkholder, 
Pkyt<nMtth., 5f, 1942, 600). 

Acid from glucose, fructose, galactose, 
xylose, sucrose, lactose and glycerol. 
Alkali from salts of acftic, citric, lactic, 
malic and succinic acids. The following 
are not utilized: arabinose, rhamnose, 
maltose, salicin, starch, cellulose and 
formic add. 


Aerobic, facultative. 

Source; Isolated from diseased ivy 
leaves. 

Habitat: Pathogenic on ivy, Hedera 
helix, 

32. Xanthomonas phormlcola (Taki- 
moto) Dowson. {Bacterium phormicola 
Takimoto, Jour. Plant Protect., 20, 1933, 
777; Phyiomonas phcrmicola Burkholder, 
in Manual, 5th cd., 1939, 159; Dowson, 
Trans. Brit. Mycol. Soc., 26, 1943, 12.) 
From M. L. Phormium, a generic name. 

Description translated by Dr. K. 
Togashi. 

Hods: 0.5 to 0.6 by 1 to 2 microns. 
Motile, with a single flagellum. C*ram¬ 
negative. 

Gelatin: Li({uefied. 

Agar colonies: Light yellow, then waxy 
yellow; butyrous, then viscid. 

Broth: Turbid, pellicle formed. 

Milk: Casein coagulated slowly and 
precipitated, then digested. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

No gas from sucrose, glucose, lactose 
and glycerol. 

No acid from various sugars in broth. 

Optimum temperature about 29®C. 
Maximum 39®C. Minimum about 0®C. 

Aerobic. 

Source: Species isolated from New 
Zealand flax, Phormium tenax. 

Habitat: (Dauses a leaf stripe of Phor^ 
mium tenax, 

33. Xanthomonta geranli (Burkholder) 
Dowson. {Phytomonae geranii Burk¬ 
holder, Phytopath., 27, 1937, 560; Dow¬ 
son, Cent. f. Bakt., II Abt., 100, 1939, 
190.) From Greek, geranoe, crane; M. 
L. Geranium, a generic name. 

Rods: 0.75 to 2.0 microns. Motile 
with a single polar flagellum. Gram¬ 
negative. 

Gelatin: Liquefied. 

Beef-extract agar slants: Moderate to 
good filiform growth, glistening, primu- 
line yellow. Develops in 24 hours. 
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Broth: Turbid in 24 hours. No pellicle 
but a moderate sediment. 

Milk: Becomes clear with a heavy 
casein precipitate. Peptonization with 
crystal formation. 

Nitrates reduced to ammonia. 

Indole not formed. 

Hydrogen sulfide formed. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., SB, 1942, 600). 

Acid from glucose, galactose, fructose, 
xylose, rhamnose, lactose, sucrose, raf- 
finose and glycerol. Alkaline reaction 
from salts of citric, malic, malonic and 
succinic acid. No growth in arabinose 
or formic, hippuric, maleic or tartaric 
acid. 

Starch not hydrolyzed. 

Aerobe. 

Distinctive characters: Pathogenic on 
Qeranium spp., not on the house gera¬ 
nium, Pelargonium horiorum. In culture 
similar to Xanihomonaa pelargonii. 

Source: Three cultures isolated from 
Oeranium aanguineum. 

Habitat: Pathogenic on Geranium san- 
guineum, Q, maeulatum, G. pratense and 
G. aylvaiieum. 

34. Xanthomonas antirrhini (Taki- 
moto) Dowson. {Peeudomonas anti- 
rrhini Takimoto, Bot. Mag. Tokyo, $4, 
1920, 257; Bacterium antirrhini Elliott, 
Man. Bact. Plant Path., 1930,93; Phyto- 
monae antirrhini Magrou, in Hauduroy 
et al., Diet. d. bact. path., Paris, 1937, 
331; Dowson, Trans. Brit. Myool. Soc., 
B6, 1943, 11.) From Gr. ana*rr5iniim, 
snapdragon; M. L. Antirrhinum, a 
generic name. 

Description from Elliott (loc.cit,). 

Rods: 0.3 to 0.4 by 0.8 to 1.2 microns. 
Motile with polar flagella. Capsules. 
Oram-negative. 

Gelatin: Liquefied. 

Agar colonies: Round, glistening, 
white, later yellow. 

Milk: Coagulated and casein digested. 

Nitrites are produced from nitrates. 
No gas produced. 

AeroUe. 


Optimum temperature 26* to 27*C. 
Maximum 34*C. 

Habitat: Causes a leaf spot of Anlt- 
rrhinum majua. 

35. Xanthomonas heterocea (Vzoroff) 
comb. nov. (Phytomonaa heterocea 
Vzoroff, Bull. North Caucasian Plant 
Prot. Sta. Roztoff-on-Don, 6-7, 1930, 
263; Bacterium heteroceum Burgwits, 
Phytopathogenic bacteria, Leningrad, 
1935, 135.) From Gr. heterua, another, 
different. 

Description taken from Rev. App. 
Myc., 10, 1931, 628. 

Ro^: 0.4 to 0.6 by 1.0 to 2.0 microns. 
Motile. Gram-negative. 

Gelatin: Slow liquefaction. 

Agar colonies: Round, convex, smooth, 
semi-transparent, glistening, yellow to 
amber, 2 mm. in diameter. Pitted sur¬ 
face. 

Milk: No coagulation. At first acid, 
later alkaline. 

Nitrites produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

Acid from glucose, galactose, arabi¬ 
nose, xylose, sucrose, maltose, salicin, 
glycerol and manni tol. Does not ferment 
lactose, inulin, ethyl alcohol, esculin, 
adonitol or dulcitol. 

Optimum temperature 25* to 30*C. 

Source: Isolated from diseased tobacco 
in the North Caucasus. 

Habitat: Pathogenic on Nieotiana 
tabacum. 

36. Xanthomonas gummisudans (Mc¬ 
Culloch) Starr and Burkholder. (Bac¬ 
terium gummiaudana McCulloch, Phyto¬ 
path., U, 1924, 63; also Jour. Agr. Res., 
B7, 1924,229; Paeudomanaa gummiaudana 
Stapp, in Soiauer, Handb. d. Pffanxen- 
krank., f, 5 Aufi., 1928, 54; Phytamanaa 
gummiaudana Beigey et ai., Manual, 2nd 
ed., 1925, 201; Starr and Burkholder, 
Phytopath., SB, 1942, 600.) From L. 
gummi, gum; audana, sweating, dripping. 

Rods: 0.6 to 0Jl by 1 to 2.8 miengis. 
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Capsules. Motile with a polar flagellum. 
Gram-negative. 

Gelatin: Liquefied. 

Beef-peptone agar colonies: Amber 
yellow, circular, transparent, smooth, 
with definite margins. 

Broth: Moderately turbid with a yel¬ 
low ring. 

Milk: Sofi curd which is digested with 
formation of tyrosine crystals. 

Nitrites not produced from nitrates. 
Indole not produced. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, loc, 

eU.). 

Acid from glucose and sucrose. 
Optimum temperature 30®C. 
mum 36*C. Minimum 2^C. 

Aerobic. 

Source: From gummy lesions on gladio- 
lus leaves. 

Habitat: Pathogenic on leaves of glad¬ 
ioli. 

37. Xanthomonas lactucae (Yama¬ 
moto) Dowson. (Bacterium lactucae 
Yamamoto, Jour. Plant Protect., 2t, 
1334, 532; PhyUmonae lactucae Bergey 
et al., M^ual, 5th ed., 1939, 163; Dow- 
aon, Trans. Brit. Mycol. Soc., fd, 1943, 
12.) From L. lactuca, lettuce; M. L. 
Lactuca, a generic name. 

Description translated by Dr. K. 
Togashi. 

Rods: 0.6 to 0.8 by 1.75 to 2.8 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: Liquefaction slow. 

Agar colonies: Circular, convex, mar¬ 
gin entire, surface smooth, wet-shining, 
yellow. 

Broth: Turbid Ring and pellicle. 
Milk: Slow peptonization. 

Nitrites not produced from nitrates. 
Indole not produced. 

Hydrogen sulfide produced. 

Add, no gas, from glucose, sucrose, 
and lactose in bouillon; no add from 
^ycerol in bouillon. 

Optimum temperature 2PC. Maxi¬ 
mum dtPC. Minimum below 2*0* 


Aerobic. 

Source: Isolated from leaf spot of 
lettuce. 

Habitat: Pathogenic on leaves of as¬ 
paragus lettuce, Lactuca sativa var. an- 
gustata. 

38. Xanthomonas nigromaculans 
(Takimoto) Dowson. ( Bacterium nigro- 
maculana Takimoto, Jour. Plant Protect., 
Tokyo, 14, 1927, 522; Phytomonas nigro- 
maculana Magrou, in Hauduroy et al., 
Diet. d. Bact. Path., Paris, 1937, 387; 
Dowson, Trans. Brit. Mycol. Soc., dd, 
1943, 12.) From L. m'jrcr, black; macu- 
Ians, spotting. 

Description translated by Dr. K. 
Togashi. 

Rods: 0.6 to 0.9 by L5 to 2.8 microns. 
Motile with 1 or 2 i)olar flagella. Gram¬ 
negative. 

Gelatin: Liquefaction. 

Agar colonies: Yellow, circular, margins 
entire, smooth, glistening. 

Broth: Growth moderate with yellow 
pellicle. 

Milk : Coagulation and digestion of the 
casein. 

Nitrites not produced from nitrates. 
Indole not produced. 

No acid or gas from glucose, sucrose, 
lactose, mannitol and glycerol in peptone 
water. 

Optimum temperature 27® to 28®C. 
Maximum 33®C. Minimum 0®C. 

Aerobic. 

Source: Isolated from lesions on leaf 
and petioles of burdock. 

Habitat: Pathogenic on leaves and 
petioles of Arctium lappa, the burdock. 

39. Xanthomonas oryzae (Uyeda and 
Isbiyama) Dowson. (Pseudomonas 
oryzae Uyeda and Ishiyama, Proc. Third 
Pan-Pacific Sci. Congr., Tokyo, 2, 1926, 
2112; Bacterium oryzae Nakata, see 
Elliott, Man. Bact. Plant Path., 1930, 
172; Phytomonas oryzae Magrou, in 
Hauduroy et al., Diet. d. Bact. l4th., 
Paris, 1937, 388; Dowsop, Trans. Brit. 
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Mycol. Soc., 1943, 12.) From Or. 
aryza^ rice; M. L. Oryza^ a generic name. 

Probable synonym; Pseudomonas ito- 
ana Tochinai, Ann. Phytopath. Soc. 
Japan, 1932, 456; Bacterium itoanum 
Burgwitz, Phytopathogenic Bacteria, 
Leningrad, 1935, 74; Phylomonas itoana 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., Paris, 1937, 370. 

Rods: 0.5 to 0.8 by 1.0 to 2.0 microns. 
Motile with a polar flagellum. Gram* 
negative. 

Gelatin: No liquefaction. 

Nutrient agar colonies: Round, smooth, 
glistening, wa.x yellow. 

Milk: Slightly acid. 

Nitrites are not produced from nitrates. 

Hydrogen sulfide produced. 

.Acid but no gas from glucose, lactose 
and sucrose. 

Optimum temperature 26* to 30®C. 

Strict aerobe. 

Source: Isolated from a leaf blight of 
rice. 

Habitat • Pathogenic on rice, Oryza 
saliva. 

40. Xanthomonas celebensls (Gau* 
mann) Dowson. (Pseudomonas celehen- 
sis Gaumann, Ztschr. f. Pflanzenkrank., 
53, 1923, 11; Mcded. Inst, voor Planten- 
ziek., Buitenzorg, 59,1923,17; Bacterium 
celebense Elliott, Man. Bact. Plant Path., 
1930,108; Phylomonas celebensis Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 343; Dowson, Trans. Brit. 
Mycol. Soc., 26, 1943, 11.) From M. L. 
of the island Celebes. 

Rods: 0.9 by 1.5 microns. Motile by a 
polar flagellum. Gram>negative. 

Agar colonies: Grayish yellow. 

Broth: Thin pellicle. 

Milk: Coagulated and cleared. 

Nitrites not produced from nitrates. 

Sodium selenite: Brick red. 

Starch is hydrolyzed. 

Source: From vascular bundles of 
diseased bananas in Celebes. 

Habitat: Causes the blood disease of 
banana. 


41. Xanthomonas panic! (Elliott) 
comb, nov, (Bacterium panici Elliott, 
Jour. Agr. Res., 26, 1923, 157; Pseudo¬ 
monas panici Stapp, in Sorauer, Handb. 
d. Pflanzenkrank., 2, 5 Aufl., 1928, 27; 
Phylomonas pariici Bergey et al., Man¬ 
ual, 3rd ed., 1930, 269.) From M. L. 
Panicum, a generic name. 

Rods: 0.69 by 1.66 microns. Capsules. 
Motile by 1 or rarely 2 polar flagella. 
Gram-negative. 

Gelatin: Liquefaction slow. 

Beef agar colonies: Round, white, 
smooth, glistening, margins at first entire, 
later undulate. 

Broth: Moderate turbidity in 24 hours. 
Thin pellicle. Medium brownish. 

Milk: Alkaline and clears. 

Nitrites are produced from nitrates. 

Indole not produced. 

Hydrogen sulfide produced. 

No gas from <‘arl>«)hydrates. 

Starch: Hydroly.^sis inoderato. 

Optimum temperature 33*C. Maxi¬ 
mum 45*C. Minimum 5®C. 

Optimum pH 6.15 to 6.3. pH range 
5.4 to 10.0. 

Aerobic. 

Distinctive characters: Differs from 
Pseudomonas andropogoni in that it 
liquefies gelatin, produces nitrites from 
nitrates, and does not infect sorghum and 
broom corn. 

Source: Isolation from water soaked 
lesions on leaves, sheaths and culms of 
millet collected in Wisconsin and in S. 
Dakota. 

Habitat: Pathogenic on pix)8o millet, 
Panicum miliaceum., 

42. Xanthomonas proteamaculans 
(Paine and Stansfield) comb, nov, (Pseu¬ 
domonas proteamaculans Paine and Stans¬ 
field, Ann. Appl. Biol., 6, 1919, 38; 
Phylomonas proteamaculans Beigey et 
al.. Manual, 3rd ed., 1930, 247; Bacterium 
proteamaculans Elliott, Man. Bact. Plant 
Path., 1930, 186.) From M. L. Proiea, 
a generic name; maculans, spotting. 

Rods: 0.6 to 0.8 by 0.8 to 1.6 microns. 
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Motile with 1 to 3 polar flagella. Gram* 
positive. 

Gelatin: liquefaction. 

Agar slant: Growth wet-shining, dirty 
white with a faint yellow tinge. 

Broth: Turbid in 24 hours. Slight 
ring. 

Milk: Acid with soft eurd after 2 days, 
later a separation of whey. 

Nitrites are produced from nitrates. 

Acid and gas from glucose, sucrose and 
mannitol. No acid or gas from lactose. 

Starch: Slight hydrolysis. 

Source: Repeated isolation from a leaf- 
spot of Protea in England. 

Habitat: Pathogenic on Protea cy- 
fiorotdes. 

43. Xanthomonas manihotis (Arthaud- 
Berthet) comb, nop, (Baetllus manihotue 
Arthaud-Berthet by Bondar, Chacaras 
and Quintaes 5(4), 1912, 15; Baeillue 
manihot Bondar (and Arthaud-Berthet), 
Bol. Agric., Sio Paulo, 16, 1915, 513; 
Bacterium manihotue Drummond and 
Hipolito, Ceres, f, 1941,298; Phytomonae 
manihotie Viegas, Rev. d. Agr., Pieraci- 
caba, /5,1940,475.) From M. L. 3fam- 
hotusj a generic name. 

Description from Burkholder, Phyto¬ 
path., 55, 1942, 147. 

Rods: 0.35 to 0.93 by 1.4 to 2.8 microns. 
Gram-negative and mostly non-motile. 
One isolate showed a few cells with 1 
polar flagellum. Amaral (Instit. Biol., 
Sfto Paulo, Arq., IS, 1942,120) states that 
the species is motile with one polar fla¬ 
gellum. 

Gelatin: Liquefaction. 

Beef-extract-peptone agar: Streaks 
raised, ivory-color, smooth, shiny, with 
edges entire. 

Potato-glucose agar: Growth abun¬ 
dant, white to hyaline, very mucoid. 

Broth: Turbid with a whitish granular 
ring. 

Litmus milk: Litmus reduced and 
milk clears. With return of color, litmus 
is purple. 

Indole not formed. 

Hydrogen sulfide is formed. 


Nitrites produced from nitrates 
(Drummond and Hipolito, loe, ciL). 

Asparagine not used as a nitrogen and 
carbon source. No growth in nitrate 
synthetic broth. 

Weak growth but slight acid production 
in synthetic medium plus glucose, 
d-galactose, d-fructose, d-xylose, maltose 
and sucrose. No growth in rhamnose, 
1-arabinose, d-lactose, glycerol, mannitol 
and salicin. Good growth with alkaline 
reaction in same medium plus salts of the 
following acids: acetic, citric, malic, 
maleic and succinic. The salts of formic, 
hippuric, lactic and tartaric acids were 
not utilized. 

Starch not hydrolyzed. Amaral (loe. 
eit,) finds hydrolysis. 

Lipolytic action slight. 

Aerobic. 

Optimum temperature 30®C. Maxi¬ 
mum 38^0. Minimum 5*^0. 

Source: First isolated from the cassava, 
Manihotue utilieeima in Brazil. 

Habitat: Produces a wilt disease on 
various species of Manihotue. 

44. Xanthomonas rubrisubalbicans 
(Christopher and Edgerton) comb. nov. 
(Phytomonae rubrieuhalbicane Christo¬ 
pher and Edgerton, Jour. Agr. Res., 
1930, 266; Bacterium rubrieubalbicane 
Burgwitz, Phytopathogenic Bacteria, 
Leningrad, 1935, 105.) From L. ruber, 
red; eubalbicane, nearly white. 

Rods: Short with polar flagella. Cap¬ 
sules. Gram-negative. 

Gelatin: No liquefaction. 

Bacto-glucose agar colonies: Circular, 
glistening, viscid, milky gray to buff. 
Margins translucent, entire. 

Broth: Turbid after 24 hours. Pellicle 
and a ropy sediment. 

Indole produced. 

Hydrogen sulfide produced. 

No gas from carbohydrates. 

Starch hydrolyzed. 

Optimum temperature 3(PC. 

Optimum pH 6.8 to 8.0. 

Source: Isolated many times from mot¬ 
tled stripe of sugar cane in Louisiana. 
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Habitat: Pathogenic on sugar cane, 
Johnson's grass and sorghum. 

46. Xanthomonas cannae (Bryan) 
comb, nov, {Bacterium cannae Bryan, 
Jour. Agr. Res., Fi, 1921, \S2;Phytomonas 
cannae Bergey et al., Manual, Ist ed., 
1923,188; Paeudomonae cannae Stapp, in 
Sorauer, Handb. d. PlQansenkrank., F, 
6 Aufl., 1928, 65.) From Gr. canna, a 
reed; M. L. Canna, a generic name. 

RckIs : 0.5 to 0.7 by 1.0 to 2.0 microns. 
Motile with 1 to 3 polar flagella. Cap¬ 
sules. Gram-negative. 

Gelatin: Slow liquefaction. 

Agar streaks: Filiform, white, moist, 
with thin margins and granular centers. 

Broth: Turbid, heavy sediment. 

Milk: Alkaline and clears. 

Nitrites are produced from nitrates. 

Indole not produced. 

Hydrogen sulfide produced. 

Optimum temperature 35^C. Maxi¬ 
mum 40*C. Minimum 5®C. 

Aerobic. 

Source: Isolated from diseased canna 
leaves collected in Washington, D. C. 
and in Illinois. 

Habitat: Causes disease in Canna 
indica. 

46. Xanthomonas zingiber! (Uyeda) 
comb, nov, (Uyeda, Cent. f. Bakt., II 
Abt., 17,1907,383; Paeudomonae zinyi^ 
beri Uyeda, Kept. Imp, Agr. Exp. Sta., 
Japan, No. 35, 1908, 114; Bacterium 
aingiberi Nakata, see Elliott, Man. Bact. 
Plant Path., 1930,266; Phytomonaa zingi- 
beri Magrou, in Hauduroy, et al., Diet. d. 
Bact. Path., Paris, 1937, 437.) From L. 
zingiberia, ginger; M. L. Zingiber, a 
generic name. 

Description from Stapp, in Sorauer, 


Handb. d. Pflanzenkrank., F, 6 Aufl., 
1928, 65. 

Rods: 0.5 to 1.1 by 0.75 to 1.8 microns. 
Non-motile at first, later a polar flagel¬ 
lum. Gram-negative. 

Gelatin: Liquefaction. 

Agar colonies: White. 

Milk: Coagulation and peptonization of 
the casein. 

Nitrites are produced from nitrates. 

Indole not formed. 

Hydrogen sulfide is formed. 

No gas from glucose. 

Optimum temperature 28^C. Maxi¬ 
mum 40*C. Minimum 5^C. 

Source: Isolated from ginger plant 
showing a rot at the base of the sprouts. 

Habitat: Pathogenic on ginger, Zingu 
ber officinale, 

47. Xanthomonas conjaci (Uyeda) 
co?n5. nov, (Paeudomonae conjac Uyeda, 
Bot. Mag. Tokyo, F4, 1910, 182; Bac¬ 
terium conjac Elliott, Man. Bact. Plant 
Path., 1930, 121; Phytomonaa conjac 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., Paris, 1937, 347.) From 
M. L. conjac, the specific name of the 
plant which tUs species attacks. 

Description from Elliott (loe,cit.). 

Rods: 0.75 to 1.0 by 1.5 microns. 
Motile with 1 to 4 polar flagella. Gram¬ 
positive. 

Gelatin colonies: Circular to irregular, 
light yellow. 

Broth: Pellicle formed. 

Milk: Coagulation. 

Conjac: Liquefied. 

Nitrites produced from nitrates. 

Indole produced. 

Hydrogen sulfide produced. 

Gas from glucose. 

Favorable temperature 24^0. 

Habitat: Pathogenic on Amorphophal- 
lua kanjac. 


Appendix !:• The followingoiganisms placed in the genus PsevdomonatappaiantlF 
belong in Xanthonumaa , Some may even be plant pathogens although they wm 

•^I^byProf.Rob«t8.BrMd,NewYork8toteExp«imMt8t*tiMi,Q«^ 
New York, July, IMS. 
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isolated from water, soil and similar sources. Pigment is usually yellow and is not 
water-soluble. 

Key to yellow and other chromogenic epeciee in genua Pseudomonas. 

1. Colonies yellow, 

a. Gelatin liquefied. 

b. Nitrites produced from nitrates. 

c. Acid and gas produced from glucose. 

1 . Pseudomonaa fermeniana, 
cc. Acid but no gas from glucose. 

2. Paeudomonaa trifolii. 

3. Paeudomonaa xanthe. 
ccc. Action on glucose not recorded. 

4. Paeudomonaa caudata. 
bb. Nitrites not produced from nitrates. 

c. Litmus milk acid or ferment lactose. 

5. Pseudomonas perlurida. 

6. Pseudomonas iridescens. 
cc. Litmus milk not coagulated. Yellow sediment. 

7. Pseudomonas turcosa. 
ccc. Litmus milk slimy, alkaline. 

8. Paeudomonaa ochracea. 

aa. No liquefaction of gelatin. 

b. Nitrites produced from nitrates. 

c. Litmus milk, slow coagulation. 

9. Paeudomonaa cerevisiae. 
cc. Litmus milk, acid but no diges^tion. 

10. Paeudomonaa arguia. 
ccc. No growth in litmus milk. 

11. Paeudomonaa subcrela. 
cccc. Action on litmus milk, not recorded. 

12. Pseudomonas piclorum. 
bb. Nitrites not produced from nitrates. 

c. Butter colored pellicle on litmus milk. 

13. Pseudomonas lacunogenes, 

cc. No surface pellicle. 

14. Pseudomonas aegnis. 

2. Colonies on gelatin blue center surrounded by yellow zone with peripheral 
green zone, 
a. Gelatin liquefied. 

b. Nitrites produced from nitrates. 

15. Paeudomonaa lemonmeri 

1. Paeudennonas fermentana von WoL with rounded ends, occurring singly and 
zogen Ktihr. (von Wolzogen Ktlhr, in pairs. Motile, with a single or occa- 
Cent. f. Bakt., II Abt., 85, 1932, 228; sionally 2 or 3 polar flagella. Gram- 
Flaoobaeteriumfermentana Bergey et al., negative. 

Manual, 4th ed., 1934, 155.) From Gelatin colonies: Circular, grayish, 
liatin, fermeniOy to ferment. with rapid liquefaction. 

Rods: 0.4 to 0.6 by 1.7 to 8.4 microns, Gelatin stab: Liquefaction craterifonn. 
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Agar colonies: Circular, slightly con¬ 
vex, opaque, gray by reflected, and 
light-brown by transmitted light. 

Agar slant: Gray, becoming yellowish. 

Broth: Turbid with pellicle. 

Litmus milk: Acid. 

Potato: Gray to yellowish growth. 

Indole is formed. 

Nitrites produced from nitrates. 

Acid and visible gas from glucos<*, 
lactose and sucrose. 

Acetylmethylcarbinol is formed. 

Ammonia is formed from peptone and 
asparagin. 

Hydrogen sulflde is formed. 

Starch is hydrolyzed. 

Lipase is formed. Catalase positive. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Distinctive character: Produces gas in 
lacto.se fermentation tubes. 

Source: Ten cultures from the larvae 
of a midge (Chironornus pltnnosus) and 
from filtered water. 

Habitat* Unknown. 

2. Pseudomonas trifolii Huss. (Huss, 
Cent. f. Bakt., II Abt.. 19, 1907, 68, 
Flavohacterium trijohi Bergcy et al.. 
Manual, 1st cd., 102.3, 111.) From Latin, 
ires (tri-), three; fninnn, leaf; M. T. 
Trifolium, clover. 

Possible synonym: Bacillus annulatus 
Wright. (Wright, Memoirs Nat. Acad 
Sci., 7, 1805, 443; Pseudomonas annulata 
(Chester, Man. Determ. Bact,, 1901, 315; 
Relationship to Bacillus annulatus Zim- 
inermann uncertain. Die Bakt. unseror 
Trink- iind Nutzwasser, Chemnitz, 11 
Keihe, ISOO, 30; Flavohacterium annula- 
turn Bcrgey et .al.. Manual, Ist ed., 1923, 
110 .) 

According to Mack (Cent. f. Bakt., II 
.\bt., .9^, 1936,21S) the following organism 
is to be regarded as identical with Pseudo¬ 
monas trifolii: Bacillus mcscntericus 
aureus WinkKrr (Cent. f. Bakt., II Abt., 
5, 1899, 577) regarded by Burri (Cent. f. 
Bakt., II Abt., 10, 1902,756) and Dtiggeli 
(Cent. f. Bakt., II .\bt., it, 1904, 602) 


as identical with the organism which 
Dtiggeli {loc. cit.) names Bacterium 
herbicola aureum. The organism studied 
as Bacterium herbicola by Htlttig (Cent, 
f. Bakt., II Abt., 1931, 231) is not 
regarded as identical with the Burri and 
Dtiggeli organism by Mack. Beijerinck 
(Cent. f. Bakt., II Abt., 16, 1905, 366) 
states that Bacillus herbicola of Burri 
and Dtiggeli is identical with his Bacillus 
anglomerans (Botan. Ztg., 1888, 749). 
If so, this binomial has priority. 

Rods: 0.5 to 0.7 by 0.75 to 2.0 microns, 
occurring singly, in pairs and in chains. 
Motile, possessing a single polar flagellum. 
Gram-negative. 

Gelatin colonies: (Convex, smooth, 
moist, gli.stening, grayish-yellow. 

Gelatin stab: Napiform liquefaction. 

.\gar colonies: Small, circular, grayish, 
becoming brow'nish-yellow. 

Agar slant: Yellowish, becoming brown¬ 
ish-yellow streak, lacerate margin. 

Broth: Turbid, with gra 3 ri 8 h-yellow 
pellicle and sediment. 

Litmus milk: Slowdy coagulated; alka¬ 
line; with yellow ring. 

Potato: Thick, yellowish, flat, smooth, 
glistening. 

Hydrogen sulfide produced 

Indole is formed. 

.\citl from glucose, sucrose, xylose, 
arabinosc, and mannitol. No acid from 
l.aetosc 

Nitrites produced from nitrates. 

Cultures luive an agreeable odor. 

Volutin formed. 

.Aerobic, facultative. 

Optimum temperature 33® to 35®C, 

Source: Isolated from clover luiy. 

Habitat: Evidently a common organism 
on the leaves of plants, 

3. Pseudomonas xanthe Zettnow. 
(Zettnow, Cent. f. Bakt., I AM., Orig., 
77, 1915, 220; Flavobacterium settnoirii 
Bergey et al.. Manual, Ist ed., 1923, 
112; Flavobacterium xanlhium (sic) Her- 
gey et al.. Manual, 3rd ed., 1930, 145.) 
From Gr. xanthus, yellow. 
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Rods: 0.5 to 0.6 by 0.4 to 1.4 microns. 
Motile, possessing a single or occasionally 
two or nu>re very long (20 microns) polar 
flagella. Gram-negative. 

Gelatin colonies: Circular, yellow, 
granular. 

Gelatin stab: Pale-yellow surface 
growth. Brownish yellow undersurface 
colonies. Saccate liquefaction. 

Agar slant: Dark yellow, glistening, 
with dark yellow sediment in water of 
condensation. Pigment not water-sol¬ 
uble. 

Broth: Turbid. 

Litmus milk: Slightly acid. Litmus 
reduced. 

Potato: Grayish yellow to brownish 
growth. 

Indole formed. 

Nitrites are produced from nitrates. 

Acid formed in glucose. 

Starch hydrolyzed. 

Blood serum not liquefied. 

Aerobic, facultative. 

Optimum temperature 30^C. 

Source: Air contamination. 

4. Pseudomonas caudata (Wright) 
Conn. {Bacillta eaudatus Wright, 
Memoirs Nat. Acad. Sci,, 7, 1896, 444; 
Bacterium caudalue Chester, Annual 
Kept. Del. Col. Agr. Exp. Sta., P, 1897, 
107; Conn, Jour. Agr. Res., 16, 1919, 313; 
Flavobacterium caudatum Bcrgey ct al., 
Manual, 1st ed., 1923, 109.) From 
Latin, cauda, tail. 

Rods: Long, granular, slender, occurring 
singly, in pairs and in chains. Appear 
like cocci in old cultures. Motile, pos¬ 
sessing a polar flagellum (Conn). Gram¬ 
negative. 

Gelatin colonies: Yellow, translucent, 
smooth, undulate. 

Gelatin stab: Villous growth in stab. 
Crateriform liquefaction. 

Agar slant: Yellow to orange,glisten¬ 
ing, translucent, slightly spreading. 
May lose power to form pigment. 

Broth: Turbid, with yellow sediment. 

Litmus milk: Unclumged. 

Potato: Dark yellow, raised, rough, 

spreading. 


Indole not formed. 

Nitrites and ammonia produced from 
nitrates. 

Ammonia produced from peptone. 

Starch is digested. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Water. 

5. Pseudomonas perlurida Kellerman 
et al. (Kellerman, McBeth, Scales and 
Smith, Cent. f. Bakt., II Abt., 39, 1913, 
616; also McBeth, Soil Sci., f, 1916, 472; 
Cellulomonaa perlurida Bergey et al.. 
Manual, 1st ed., 1923, 163.) 

Rods: 0.4 by 1.0 micron. Motile with 
one to three polar flagella. Gram¬ 
negative. 

Gelatin stab: Liquefaction. 

Agar slant: Moderate, flat, faint yellow 
growth. 

Broth: Turbid in 5 days. 

Litmus milk: Acid. Peptonization 
after 16 days. 

Potato: Scant yellow growth with 
bleaching along line of grow th. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia is produced. 

Acid from glucose, nuiltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C, 

Source: Soil from Viiginia, Ix)uisiana 
and Missouri. 

Habitat; Soil. 

5a. Pseudomonas perlurida var. vir- 
giniana Kellerman et al. (loc. cit.). 
Docs not grow on potato and liquefies 
gelatin rapidly. 

Source: Soil from Virginia. 

6. Pseudomonas irldescens Stanier. 
(Jour. Bact., iS, 1941,642.) From Latin, 
iridescent. 

Rods: 0.2 to 0.3 by 1.5 to 7.0 microns, 
average length 5.0 to 6.0 microns, occur¬ 
ring singly. Non-motile. Gram-nega- 
Uve. 
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Sea water gelatin stab: Filiform growth. 
Liquefaction by some strains. 

Sea water agar colonies; Concave, 2 to 
3 mm in diameter, smooth, glistening, 
translucent, pale yellow, edge irregular. 
After 2 to 3 days a marked iridescence. 
Later colonies rough, opaque, bright 
yellow, sunken central portion with trans> 
lucent periphery. 

Sea water agar slant: Growth spreading, 
smooth, glistening, translucent, pale 
yellow, iridescent, butyrous. 

Sea water broth: Turbid, light yellow, 
granular pellicle. 

Indole not formed. 

Nitrites not produced from nitrates. 

Hydrogen sulfide not produced. 

Catalase positive. 

Urease negative. 

Acid from xylose, glucose, galactose, 
ihetose, maltose, sucrose and cellobiose. 
No acid from arabiiiosc. Starch and 
cellulose are attacked. 

Aerobic. 

Optimum temperature 23*C. Mini¬ 
mum 5®C. Maximum 30®C. 

Salt range: 0.25 to 6.0 per cent. Opti¬ 
mum 1.0 to 4.0 |>er cent. 

Source: Sea water. 

Habitat: Common along the coast of 
the North Pacific. 

7. Pseudomonas turcosa (Zimraer- 
mann) Migula. (Bacillus turcosa Zim- 
mermann, Bakt. unsercr Trink- und 
Nutsw&sscr, Chemnitz, F, 1894, 32; 
Migula, Syst. d. Bakt. f, 1900,937; F/ovo- 
bacterium lurcosum Bcrgey ct al., Man¬ 
ual, 1st ed.. 1923, 111.) From M. L. 
turcoiSt turquoise. 

Rods: 0.5 by 1.05 to 1.82 microns, oc¬ 
curring singly. A short polar flagellum 
(Migula). Gram-negative. 

Gelatin colonies: Small, translucent, 
yellow. 

Gelatin stab: Small, yellow, convex 
surface growth, with slight brownish 
tint. Liquefaction, with grayish to 
greenish color in liquefied portion. 

Agar slant: Abundant, glistening, 
greenish to sulfur jrellow streak. 


Broth: Slightly turbid with yellow 
sediment. 

Litmus milk: No coagulation. Yellow 
sediment. 

Potato: Clear chromium yellow growth 
over entire surface. 

Indole is not formed. 

Nitrites not produced from nitrates. 

Acid from glucose. Slight action on 
sucrose. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Isolated by Tataroff from a 
w’ell in Dorpat (Die Dorpaten Wasser- 
bakterien, Inaug. Diss., 1891,52, No. 24). 

Habitat: Water, sea water. 

8. Pseudomonas ochracea (Zimmer* 
mann) Chester. (Bacillus ochraceus 
Zimmermann, Bakt. unserer Trink- und 
Nutzwasser, Chemnitz, /, 1890, 60; 
Chester, Determinative Bacteriology, 
1901, 316; Flavobacierium ockraeeum Ber- 
gey et al.. Manual, 1st ed., 1923, 110; 
ChromobacUrium ockraeeum Topley and 
Wilson, Princ. Bact. and Immun., /, 
1931, 405.) From Greek, ochroSt pale 
yellow. 

Rods: 0.7 to 0.8 by 1.2 to 4.5 microns, 
occurring in pairs and longer chains. 
Slow undulatory motion (Zimmermann). 
Polar flagella (Lehmann and Neumann, 
Bakt. Diag.,lAua.,F, 1896,255). Gram¬ 
negative. 

Gelatin odlonies: Plale yellow to golden, 
ochre yellow, slightly raised, with slightly 
fringed margin, granular. 

Gelatin stab: Yellowish to yellow-gray 
surface growth. Infundibuliform lique¬ 
faction. Pale yellow to ochre yellow 
sediment. 

Agar colonies: Thin, flat, yellowish, 
smooth. 

Agar slant: Thin, yellowish>gray to 
ochraceous growth. 

Broth: Slightly turbid, with pale yel¬ 
low sediment. 

Litmus milk: Medium beoomes slimy; 
alkaline. 

Potato: Ochre-yellow streak. 

Indole is formed. 
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Nitrites not produced from nitrates. 

Hydrogen sulfide is formed. 

Aerobic, facultative. 

Optimum temperature 35*0. 

Source: Chemnitz tap water. 

Habitat: Water. 

9. Pseudcunonas cerevislae Fuhr- 
mann. (Fuhrmann, Cent. f. Bakt., II 
Abt., id, 1906, 309; FlavohaeUrium 
csrevistoe Bergey et al.. Manual, let ed., 
1923, 111.) From Latin, eereviaia, bfer. 

Bods: Straight and slightly curved, 
0.6 by 1.5 to 2.0 microns, occurring singly 
and in chains. Motile, possessing tuft, 
four to six polar flagella. Gram-negative. 

Gelatin colonies: Circular, white, 
slightly contoured, becoming brownish- 
yellow. 

Gelatin stab: Slight yellowish growth 
in stab. No liquefaction. 

Agar colonies: Thin, spreading, con¬ 
toured. 

Agar slant: Moist, glistening, thin, pale 
yellow, spreading, contoured. 

Litmus milk: Slow coagulation. 

Potato: Yellowish-brown, spreading 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 

No gas from glucose. 

Aerobic, facultative. 

Optimum temperature 30*C. 

Source: Isolated from beer. 

Habitat: Unknown. 

10. Pseudomonas arguta McBeth. 
(McBeth, Soil Science, i, 1916, 465; 
CeUuhmanaa arguata (sic) Beigey et al., 
Manual, 1st ed., 1923,164.) From Latin, 
arguo, to show. 

Rods: 0.3 by 0.8 micron. Motile with 
one or two polar flagella. Gram-negative. 

Gelatin stab: Moderate, yellowish 
growth. No liquefaction in 30 days. 

Agar colonies: Circular, slightly con¬ 
vex, soft, grajrish-whlte, granular, entire. 

Agar slant: Scant, grayish-white 
growth. 

Potato agar slant: Moderate, yellow- 
ish, gUstening. 


Broth: Turbid. 

Ammonia cellulose agar: Enzymatic 
zone 2 to 3 mm in 30 days. 

Filter paper broth: Paper is reduced 
to loose flocculent mass which disinte¬ 
grates very readily on slight agitation. 
More rapid decomposition when the 
broth contains ammonium sulfate, po¬ 
tassium nitrate,* peptone or casein as 
sources of nitrogen. 

Litmus milk: Acid, not digested. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
starch. No acid from glycerol, manni¬ 
tol or sucrose. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Isolated twice from California 
soils. 

Habitat: Soil. 

11. Pseudomonas subcreta McBeth 
and Scales. (McBeth and Scales, Bur. 
Plant Industry, U. S. Dept. Agr., Bui. 
266, 1913, 37; Cellulomonaa subcreta 
Bergey et al.. Manual, 1st ed., 1923,164.) 
From Latin, sub, under, imperfect; creta 
chalk'. 

Rods: 0.3 by 1.4 microns. Motile with 
one to five polar flagella. Gram-negative. 

Gelatin stab: Filiform growth, no lique¬ 
faction. 

Cellulose agar: No surface growth. 
Moderate, generally faint yellow growth 
in medium, area of growth sunken. 

Agar slant: Glistening, smooth, moist, 
vitreous to faint yellow. 

Starch agar: Enzymatic zone 2 to 4 mm. 

Broth: No growth. 

Litmus milk: No growth. 

Potato: Growth scanty, concave due to 
slight liquefaction, white to faint yellow. 
Bleached around growth. 

Indole not formed. 

Trace of nitrites produced from ni¬ 
trates. 

Ammonia not produced. 

Add from glucose, lactose, maltose, 
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sucroBe and starch. No acid from glyc¬ 
erol or mannitol. 

Aerobic, facultative. 

Optimum temperature 20^0. 

Habitat: Soil. 

12. Pseudomonas plctorum Gray 
and Thornton. (Gray and Thornton, 
Cent. f. Bakt., II Abt., 75, 1928, 89; 
Achromobacter pictorum Bergey et al.. 
Manual, 3rd ed., 1930, 217.) From 
Latin, picti^ the Piets of Eastern Scot¬ 
land. 

Rods: 0.6 to 0.8 by 1.5 to 5.0 microns. 
Motile usually with a single polar flagel¬ 
lum. Gram-negative. 

Gelatin colonies: Circular, greenish- 
yellow, convex, smooth, glistening, en¬ 
tire. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, yellow, convex, 
smooth, glistening, entire. 

Agar slant: Filiform, yellow, convex, 
smooth, glistening, entire. 

Broth: Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose and maltose. 

Attacks phenol. 

Aerobic, facultative. 

Optimum temperature 25^C. 

Source: One culture from soil. 

Habitat: Soil. 

13. Pseudomonas lacunogenes Gor- 
esline. (Jour. Bact., 55, 1933, 447.) 
From Latin laeuno, dimple and genero, 
to produce. 

Short rods: 0.2 to 0.3 by 1.0 to 1.2 
microns, with pointed ends, occurring 
singly or in pairs. Motile with a single 
polar flagellum from 2 to 15 microns in 
length. Gram-negative. 

Plain gelatin stab: No growth. 

Nutrient gelatin stab: Growth brown¬ 
ish-yellow, half-way down stab, heavier^ 
at surface. No liquefaction. 

Nutrient agar colonies: Small, yellow; 
surface of the agar pitted or dimpled. 
After 6 days colonies 5 to 7 mm in diam¬ 


eter, orange-yellow, slightly raised, sur¬ 
rounded by a depression. 

Nutrient agar slant: Growth heavy, 
light orange-yellow; consistency of warm 
butter; edge jentire, slightly raised. 
Shallow depression formed on each side 
of streak. Agar softened beneath growth. 

Nutrient broth: Turbid in 48 hours. 
Light orange-yellow pellicle; considerable 
viscous sediment. 

Litmus milk: Alkaline; butter-colored 
pellicle. Reduction in bottom of tube 
after 10 days. No curd. No digestion. 

Potato: Growth moderate, orange-yel¬ 
low, smooth. No darkening. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch agar plates not hydrolyzed. 

Utilizes arabinose, galactose, lactose, 
fructose, maltose, melezitose, raffinose, 
starch, xylose, glucose, mannose, su¬ 
crose, pectin, rhamnose, saliein and 
dextrin. No growth in dulcitol, erythri- 
tol, glycerol, sorbitol, mannitol or inulin. 

Limits of pH: 5.4 to 10.0. 

Temperature relations: Optimum 28^0. 
Good growth at 25^0. Moderate growth 
at 20^ and at 37*C. No growth at 10* 
and at 42*C. 

Facultative anaerobe. 

Distinctive characters: Softens agar; 
considerable change in viscosity of agar 
due to this digestion; utilization of 
ammonium sulfate as nitrogen source. 

Source: Three cultures isolated from 
an experimental trickling filter receiving 
creamery wastes. 

Habitat: Probably widely distributed 
in nature. 

14. Pseudomonas segnls Goresline. 
(Jour. Bact., 55,1933, 452.) From Latin 
sepne, non-energetic. 

Short rods: 0.2 to 0.3 by 1.0 to 1.2 mi¬ 
crons, with pointed ends, occurring singly 
or in pairs. Motile with a single polar 
flagellum. Gram-negative. 

Plain gelatin stab: No growt^. 

Nutrient gelatin stab: Growth yellow, 
half-way down stab, beet at surface. 
No liquebMtion. 
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Nutrient agar colonies: Very small, 
light yellow; surface pitted. After 5 
days colonies 5 mm in diameter. 

Nutrient agar slant: Growth heavy, 
orange-yellow, consistency of warm but¬ 
ter; edge entire, slightly raised; slight 
depression formed on each side of growth. 
Agar softened beneath growth. 

Nutrient broth: Turbid in 48 hours. 
No pellicle or surface growth. Moderate 
amount of sediment. Old cultures with a 
yellow ring at surface and occasionally a 
loose membrane. 

Litmus milk: Slightly alkaline after 10 
days. No reduction. No surface growth. 

Potato: Scant yellow-orange growth. 
No darkening. 

Indole not formed. 

Nitrites not produced from nitrates. 

No HsS produced. 

Starch not hydrolyzed. 

Utilizes arabinose, glucose, galactose, 
lactose, fructose, maltose, mannose, 
xylose, sucrose, nielezitose and rafhnose. 

Limits of pll: 5.8 to 9.0. 

Temperature relations: Optimum 28'’C. 
Good gpowth at 25®C. Moderate growth 
at 20® and at 37®C. No growth at 10® 
and at 42®C. 

Facultative anaerobe. 

Distinctive characters: Softens agar; 
eondderable change in viscosity of agar 
due to this digestion. 

Source; Isolated from an c.xperiinental 
trickling filter receiving creamery wastes. 

Habitat: Probably widely distributed 
in nature. 

15. Pseudomonas lemonnieri (Lasseur; 
couth, nov. (Bacillus lemonnieri Lasseur, 
Compt. rend. Soc. Biol. Paris, 74, 1013, 
47; Bui. de la Soc. des Sci. de Nancy, 
1924; Flavohacterium lasseuri Bergey et 
al.. Manual, 3rd ed., 1930, 144.) Named 
for Prof. G. le Monnier, a French 
scientist. 

Rods: 0.5 to 0.7 by 1.0 to 2.0 microns, 
occurrinf^ singly and in pairs. Motile 


with a single polar flagellum. Gram¬ 
negative. 

Gelatin colonies (glucose): Circular 
with blue center, a granular, yellow zone 
and a peripheral blue zone. Rapid 
liquefaction with blue crystals. 

Gelatin stab: Liquefied. 

Agar colonics: Circular, yellowish, 
lobate margin. 

Agar slant: Yellowish streak, smooth, 
glistening. 

Broth: Turbid with thin pellicle. 

Litmus milk: After 48 hours the sur¬ 
face of the milk becomes yellow to cream 
color turning blue. A soft coagulum is 
formed. 

Potato: Raised growth, Prussian blue 
in color, with variations. 

Indole is not formed. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 22® to 25®C. 

Habitat: Water. 

Appenaix II:* The following inade- 
<iuately described species may belong 
to the genus Xanthomonas. 

Bacterium citri deliciosae Passalacqua. 
(Rev. Pat. Veg., 24 , 1934, 27.) Isolated 
from Citrus sp. 

Bacterium malvacearum var. barbadense 
Kvelyn. (Ann. Rept. Agric. Barbados 
for 1926-27, 1928, 15.) Isolated from 
cotton. 

Pseudomonas amaranii (sic) Smith. (U. 
S. Dept. Agr., Div. Veg. Phys. and Path. 
Bull., 2S, 1901, 153; Bacterium amaranthi 
Smith, Bact. in Relation to Plant Dis., 
^ 1914, M8; Phytomonas amaranthi 
Bergey et al.,Manual, Ist ed., 1923,186.) 
Isolated from diseased amaranthus. 
Growth in culture similar to Xantho- 
monas campestris and Xanthomonas hya- 
cinthi. 

Pscudonionas alutacea Migula. (Lcd- 
ergelber Bacillus, Tataroff, Die Dorpater 
Wassorbakterien, Inaug. Diss., Dorpat, 


• Prepared by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, July, 1943. 
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1S91, 61; Migula, Syst. d. Bakt., 1900, 
036.) Isolated from water. 

Pseudomonas graveolans Migula. ( Ba¬ 
cillus aquatilis graveolens Tataroff, Die 
Dorpater Wasserbakterien, Inaug. Dies., 
Dorpat, 1891, 48; Migula, Syst. d. Bakt., 
F, 1900, 934.) Isolated from water. 
Not Pseudomonas graveolens Levine and 
Anderson (Jour. Bact., 1932, 343) 
isolated from musty eggs, and by Olsen 


and Hammer (Iowa State Coll. Jour. Sd., 
P, 1934, 125) from milk. 

Pseudomonas resinacea Migula. 
(Harzfarbener BaciUus, Tataroff, Die 
Dorpater Waii^rbakterien, Inaug. Diss., 
Dorpat, 1891, 64; Migula, Syst. d. Bakt., 
6, 1900, 935.) l^latcd from water. 

Xanthomonas taraxaci Niederhauser. 
(Phytopath., 35, 1943, 961.) Patho¬ 
genic on Russian dandelion (Taraxacum 
kok-saghz). 


Genus ///. Methanomonas Orla-Jensen * 

(Cent. f. Bakt., II Abt., 33,1909,311.) 

Cells monotrichous, capable of obtaining energy from oxidation of methane to COs 
and water. 

The type species is Methanomonas meihanica (Sohngen) OrlaJensen. 


1. Methanomonas methanlca (Sohn¬ 
gen) Orla-Jensen. (Bacillus methanicus 
Sdhngen, Cent. f. Bakt., II Abt., 16, 
1906, 513; Orla-Jensen, Cent. f. Bakt., 
II Abt., 33, 1909, 311.) From methane. 

Short rods: 0.5 to 0.8 by 2.0 to 3.0 mi¬ 
crons, motile in young cultures by means 
of a single flagellum. In older cultures 
nearly spherical. Can be cultivated in 
an atmosphere composed of one part CH 4 
and two parts air on washed agar contain¬ 
ing the necessary inofganic salts. The 
growth is membranous. 


At the end of two weeks, the organisms 
changed an atmosphere containing 225 
ml. CII4 and 321 ml. to the follow¬ 
ing: 


CH|. 0 ml. 

CO,. 78 ml. 

O,. 172 ml. 


In addition, 21 ml. CO, was dissolved 
in the liquid. 

Habitat: Presumably widely dis^b- 
uted in soil. 


Genus IV. Acetobacter Beijerinck.\ 

(Proc. Kon. Akad. v. Wetenschapp., Amsterdam, 3, 1900, 495.) 

Acetobacter aceti first appeared (Krai’s Sammlung v. Mikroorg., Prague, 1898, 4) 
as a synonym of Bacterium aceti Hansen. Beijerinck (loc. cit.) mentions Acetobacter 
aceti in a footnote of a later paper. The genus name Acetobacter wag accepted by 
Fuhrmann (Beiheft Bot. Centralbl., Orig., 19, 1905, 8) and others. From Latin, 
acetum, vinegar; bactrum, rod. 

S 3 monyms: ?Ulvina KUtzing, Algae aquae dulcis, etc., 11th decade, 1837; Myco^ 
derma Thompson, Ann. d. Chem. u. Pharmacie, 85,1852,89; ? (7 mbina Naegeli, Bericht 
Ober die Verhandlingen der bot. Section der 33 Versammlung deutscher Natur- 
forscher. und Arzter. Bot. Ztg., 1857,760; Bacterium I^inzi, N. Giorn. bot. ital., 1876, 
257; Torula Saccardo, Atti Soc. Ven. Trent., 6, 1878, 315; Bactcriopsis (in part)Trevi- 
san, Atti Accad. Fisio-Medico-Statistica Milano, Scr. 4, 5, 1885, 103; Micrococcus 
Maggi, Jour. Microg., 10,1886; Bacillus Schroeter, Kryptogamen Flora von Schlesien, 
5,1,1886,161; Termobacterium Zeidler, Cent. f. Bakt., II Abt., 3,1896,739; Acetobac- 

* Prepared by Prof. D. H. Bergey, Philadelphia, Pennsylvania, December, 1928. 

t Revised by Dr. C. D. Kelly, McGill Univ., Montreal, P. Q., Canada, July, 1988; 
further revision by Dr. Reese HJ Vaughn, Umv. of California, Berkeley, Chliioniia 
June, 1948. 
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terium Ludwig, in abstract of Hoyer’s Inaug. Diss., Cent. f. Bakt., II Abt., 4* 1898, 
867; Acetinionas Orla-Jensen, Cent. f. Bakt., II Abt., tSj 1909, 312. 

In addition, the sub-generic names Euacetohacter and Acetogluconob<icter have 
been proposed by Asai, Jour. Agr. Soc. Japan, li, 1935, 502. The genus Gluconohacier 
and the sub-genera Eugluconobacter and Gluconoacetohacter Asai (foe. cit,) may be 
synonyms in whole or in part. 

Individual cells ellipsoidal to long and rod-shaped, occurring singly, in pairs, or 
in short or long chains. Motile with polar flagella, or non-motile. Involution forms 
may be spherical, elongated, filamentous, club-shaped, swollen, curved or even 
branched. Young cells Gram-negative; old cells often Gram-variable. Obligate 
aerobes; as a rule strongly catalase positive, sometimes weakly so. Oxidize various 
oi^nic compounds to organic acids and other o.xidation products which may undergo 
further oxidation. Common oxidation products include acetic acid from ethyl alcohol, 
gluconic and sometimes ketogluconic acid from glucose, dihydro.xyacctone from gly¬ 
cerol, sorbose from sorbitol, etc. Nutritional requirements vary from simple to com¬ 
plex. Development generally best in yeast infusion or yeast autolysate media with 
added ethyl alcohol or other oxidizable substrate. Optimum temperature variable 
with the species. Widely distributed in nature where they are particularly abun¬ 
dant in plant materials undergoing alcoholic fermentation; of importance to man for 
their role in the completion of the carbon cycle and for the production of vinegar. 

The type species is Acetobacter aceti (KUtzing) Beijcrinck. 

Key to species of genus Acetobacter . 

I. Oxidize acetic acid to carbon dioxide and water. 

A. Gapable of utilizing ammonium salts as a sole source of nitrogen (Hoyer’s 
solution).* 


1. Acetobacter aceti. 

B. Do not utilize ammonium salts as a sole source of nitrogen.* 

1. Forms a thick, zoogloeal, cellulose membrane on the surface of liquid 
media. 


2. Acetobacter xylinum. 

2. Do not form a thick, zoogloeal membrane on the surface of liquid 
media. 


3. Acetobacter rancens, 

3a. Acetobacter pasleurianum. 
3b. Acetobacter kuetzingianum. 


II. Do not oxidize acetic acid. 

A. Form pigments in glucose media. 

1. Dark brown to blackish pigment. 

4. Acetobacter melanogenum. 

2. Pink to rose pigment. 


5. Acetobacter roseum. 


B. Do not form pigments. 

1 . Optimum temperature 30® to 35®C. 

6 . Acetobacter auboxydans. 

2 . Optimum temperature 20® to 25®C. 

7. Acetobacter oxydans. 


* It is not known with certainty whether Acetobacter pasleurianum and Acetobacter 
kuetzingianum are capable of using inofiganic nitrogen as a sole source of nitrogen 
for growth. However, since these two species are among those first described it is 
advisable to retain them for the present. See Acetobacter rancens Beijcrinck. 
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1. Acetobactar acetl (Ktttzing) Beijer- 
inok. (Ulvina aeeti KUtzing, Algae 
aquae dulcia etc., 11th decade, 1837; 
Mycoderma aeeti Thompson, Ann. d. 
Chem. u. Pharmacie, 83, 1852, 89; Urn- 
bina aeeti Naegeli, Bericht hber die 
Verhandlingen der hot. Section der 33 
Versammlung deutscher Naturforscher 
und Arzter. Bot. Ztg., 1857, 760; Bac¬ 
terium aeeti Lanzi, N. Giorn. bot. ital., 
1876, 257; Torula aeeti Saccardo, Atti 
Soc. Ven. Trent., 5, 1878, 315; Bacteriop- 
eia aeeti Trevisan, Atti della Accademia 
Fisio-Medico-Statistica in Milano, Ser. 
4, 3, 1885, 103; Microeoeeue aeeti Maggi, 
Jour. Microg., JO, 1886; Baeillue aeeti 
Schroeter, Kryptogamen Flora von Schlc- 
sien, 3, 1, 1886, 161; Baeillue aeeticue 
FlQgge, Die Mikroorganismen, 1886, 313; 
Bcijerinck, Krai’s Sammlung v. Mikro- 
org., Prague, 1898, 7; Beijerinck, Proc. 
Kon. Akad. v. Wetensch., Amsterdam, 
2, 1900, 495; Bacterium haneenianum 
Chester, Man. Determ. Bact., 1901,126.) 
From Latin ocettim, vinegar. 

Rods: 0.4 to 0.8 by 1.0 to 2.0 microns, 
occurring singly and in long chains, fre¬ 
quently showing large club-shaped forms. 
Stain yellow with iodine solution. Mo¬ 
tility variable. Motile cells possess a 
single polar flagellum (Vaughn, Jour. 
Bact., 46, 1943, 394). Forms large, 
shiny colonies on Leer gelatin containing 
10 per cent sucrose. 

Forms slimy pellicle on fluid media, or 
ring or turbidity without pellicle. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, sorbose, 
sucrose, maltose, lactose, raflinose, dex¬ 
trin, starch, glycogen, inulin, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Henneberg, Die deutsch. Es- 
sigtnd., 2 , 1898, 147). 

Aerobic. 

Distinctive characters: Marked oxida¬ 
tive power causing rapid and complete 
oxidation of substrate as glucose or ethyl 
alcohol; ability to utilise inoiganl 


gen salts as a sole source of nitrogen 
(Hoyer, Inaug. Diss., Leiden, 1898, 43; 
Beijerinck, Cent. f. Bakt., II Abt., 
1898, 215); growth and oxidative activity 
in association with fermenting yeasts 
(Vaughn, Jour. Bact., 36, 1938, 360). 

Optimum temperature 30’’C. Growth 
occurs between lO’* and 42*C. 

Habitat: Vinegar; souring fruits, vege¬ 
tables and beverages. 

2. Acetobacter xylinum (Brown) Hol¬ 
land. (Bacterium xylinum Brown, Jour. 
Chem. Soc., London, 46, 1886, 439; 
Holland, Jour. Bact., 6, 1920, 216; Ba- 
cillue xylinue Holland, ibid,, 221.) 
From Gr. xylinue, wooden (in reference 
to the cellulose in the membrane). 

Rods, about 2 microns long, occurring 
singly and in chains. The cells have a 
slimy envelope which gives the cellulose 
reaction. 

A fllm forms on the surface of liquids. 
This fllm becomes cartilagenous and falls 
to the bottom. This zoogloeal fllm forms 
on all liquid media in which growth 
occurs; the nature of the medium influ¬ 
ences the thickness of the fllm which may 
vary from 1 to 250 millimeters. 

X-ray pattern studies made by Khou- 
vine, Champetier and Sutra (Compt. 
rend. Acad. Sci. Paris, 194, 1932, 208) 
and by Barsha and Hibbert (Can. Jour. 
Research, 10, 1934, 170) have shown that 
the cellulose contained in the membranes 
formed by Acetehacter xylinum is identi¬ 
cal with cotton cellulose. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, maltose, 
lactose, raflinose, dextrin, starch, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, manni¬ 
tol and acetaldehyde (Henneberg, Die 
deutsch. Essigind., f, 1898, 147). 

Aerobic. 

Distinctive character: The production 
of thick, leathery, aoogloeal cellulosic 
membranes on the surface of liquids. 

Optimum temperature 28*C. 
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Habitat: Vinegar; souring fruits, vege¬ 
tables and beverages. 

3. Acetobacter rancens Beijerinck. 
(Bacterium rancens Beijerinck, Cent. f. 
^kt., II Abt., 4, 1898, 211; Beijerinck, 
Krai’s Sammlung v. Microorg., Prague, 
1898, 4.) From L. rancens, being rancid. 

Beijerinck (foe. ciL) in a footnote 
stated that ^^two of the many varieties of 
B, rancens have been described by Hen- 
neberg under the names of B. oxydans 
and B, acetosum, Hansen erroneously 
called this species B. aeeti as did Brown. 
Neither Hansen nor Brown knew B. 
ocefi Pasteur.” .^-o further morphologi¬ 
cal description is given. 

The following description is taken in 
part from a study of a culture of Aceto- 
haeter rancens^ received from Kluyver 
(Vaughn). 

Rods with the usual morphological ap¬ 
pearance of cultures of acetic acid 
bacteria. Gram-negative. Motility 
variable. Motile cells possess a single 
polar flagellum (Vaughn, Jour. Bact., 
46, 1943, 394). Involution forms com¬ 
monly appear as filaments and enlarged 
cells. 

Wort agar slant: Growth abundant, 
butyrous, pale-buff in color in one w^eck. 

Yeast infusion, glucose, calcium 
carbonate slant: Growth abundant, bu- 
fyrous and cream-colored in one week. 

With petri dish cultures well isolated 
colonies are large, smooth and butyrous 
on either medium. 

Broth cultures containing peptone or 
yeast infusion form a mucilaginous, slimy 
pellicle. Beijerinck (loc. cit.) called 
this polysaccharide pellicle, cellulose-like 
and intimated that the mucilaginous 
material in the pellicle was somewhat 
different from that produced by Acelo- 
bacier xylinum. The pellicle material 
stained blue when treated with iodine 
and hydroiodic acid. 

Acid from glucose, ethyl alcohol, propyl 
alcohol, butyl alcohol, glycol, adonitol, 
mannitol and sorbitol. No acid from 
numerous other compounds tested. 


Distinctive chameter: Production of u 
thin, mucilaginous, slimy, polysaccharide 
membrane on the surface of liquids as 
compared with the thick, true cellulose 
membrane of Acetobacter xylinum grown 
under the same conditions. Beijerinck 
(loc, cit.) reported the production of a 
cellulose-like membrane with some cul¬ 
tures of Acetobacter rancens. 

Source: Isolated from shavings in the 
quick vinegar process. 

Habitat: Found in fermented grain 
mash, malt beverages, mother of vinegar. 

Beijerinck (Cent. f. Bakt., II Abt., 4t 
1898, 211) thought that the next two 
species were hardly more than varieties 
of Acetobacter rancens. 

3a. Acetobacter pastenrianum (Han¬ 
sen) Beijerinck. (Mycoderma pasteuri- 
anum Hansen, Compt. rend. d. Trav. d. 
Lab. d. Carlsberg, /, 1879, 96; Bacterium 
pasteurianum Zopf, Die Spaltpilze, 2 
Aufl., 1884, 49; Beijerinck, Krai’s Samm¬ 
lung V. Microorg., Prague, 1898, 7.) 
Named for Pasteur, the French chemist 
and bacteriologist. 

Rods: 0.4 to 0.8 by 1.0 micron, 
occurring singly and in chains, at times 
showing thick, club shaped forms. Mo¬ 
tility variable. Motile cells possess a 
single polar Ongellum (Vaughn, Jour. 
Baet., 4^, 1913, 394). Stains blue with 
iodine. 

Wort gelatin colonics: Small, circular, 
entire, gray, slimy. 

Forms a dry, wrinkled folded pellicle 
on double beer with one per cent alcohol. 

Meat infusion gelatin: Widespread, 
later rosette form, toothed. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, sorbose, 
sucrose, maltose, lactose, rafhnose, 
dextrin, starch, glycogen, inulin, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Henneberg, Die deutsch. Essig- 
ind., F, 1898, 147). 

Aerobic. 
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Optimum temperature 30'’C. Growth 
occurs between 5® and 42®C. 

Habitat: Vinegar; beer and beer wort. 

3b. Acetobacier kuelzingianum (Han* 
sen) Bergey et al. (Bacterium kuetzingi- 
anum Hansen, Compt. rend. d. Trav. d. 
Lab. d. Carlsbcrg, 5, 1894, 191; Bergey 
ct al., Manual, 1st ed., 1923,35.) Xamed 
for Kuetzing, the German botanist. 

Short, thick rods, occurring singly. 
Rarely forming chains of notable length. 
Capsule stained blue with iodine and with 
potassium iodide. Non-motile. 

Double beer gelatin colonies; Small, 
entire, with vermiform surface. 

Wort gelatin colonies: Small, entire, 
with surface free of wrinkles. 

Double beer: Forms a rather thick, 
folded pellicle. Distinguished from Ace- 
tobacter aceti in showing heavier growth 
above the surface of the media. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, sorbose, 
sucrose, maltose, lactose, raffinosc, dex¬ 
trin, starch, glycogen, inulin, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Hennebcrg, Die deutsch. Essig- 
ind., «, 1898, 147). 

Aerobic. 

Optimum temperature 34®C, maximum 
42®C, minimum 6 to 7®C. 

Habitat: Beer. Found in double beer. 

4. Ace tobacter melanogenum Bei- 
jerinck. (Cent. f. Bakt., II Abt., 29, 
1911, 175.) From Greek melas (melan), 
black; -genes, producing. 

Rods: Non-motilc or motile. Motile 
cells possess a single polar flagellum 
(Vaughn, Jour. Bact., Jfi, 1943, 394). 

Gelatin: Apparent liquefaction prob¬ 
ably caused by acid, not an enzyme. 
When held on artifleial media for some 
time, the power of liquefying gelatin is 
loot, probably due to a slower production 
of acid. Deep brown pigment produced; 


gelatin becomes insoluble in boiling water 
and in trypsin solution. 

Beer- or wort-gelatin plates: Charac¬ 
teristic dark brown, wide-spreading, 
diffuse areas. 

Tap watef-agar-glucose-peptone-po- 
tassium phosphate-iron citrate-chalk 
medium: In 24 hours at 30®C, black, 
spreading, diffuse areas. 

Utilizes peptone as a source of nitrogen. 
Produces the pigment from peptone only 
if maltose or glucose is present as a 
source of carbon. When grown in glu¬ 
cose-peptone broth with CaCOi at 26® 
to 30®C, black pigment is produced after 
several weeks, and the carbonate is 
changed to calcium gluconate. 

Pigment: The pigment causing the 
brown coloration is an aromatic substance 
which is blackened by iron salts. Re¬ 
duces alkaline solutions of silver and 
mercury, blackening them. 

Oxidizes mannitol and sorbitol to fruc¬ 
tose and sorbose. Does not attack sucrose 
and fructose. Much gluconic acid is 
produced. Acid from glucose and mal¬ 
tose. Acetic acid produced from alcohol. 

Distinctive character: The formation 
of dark browm to black pigment in media 
containing a suitable substrate; par¬ 
ticularly glucose. 

Source: Isolated from beer. 

Habitat: Causes light-colored beer to 
become darker brown. It is a very strong 
beer-vinegar bacterium. .\lso found in 
souring fruits. 

5. Acetobacter roseum Vaughn. 
(Bacterium hoshigaki var. rosea Taka- 
hashi and Asai, Cent. f. Bakt., II Abt., 
82, 1930, 390; Acetobacter hoshigaki 

Bergey ct al., Manual, 4th ed\, 1934, 39; 
Vaughn, Wallerstein Lab. Communica¬ 
tions, 5, No. 14, 1942, 20.) From Latin, 
rosa, rose. 

Rods; 0.7 to 0.9 by 1.5 to 1^8 microns, 
generally occurring singly, at most in 
pairs, often in chains. Non-motile. 
Pellicle on fluid media yields no starch 
or cellulose reaction. 
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Koji (a mixture of rice and mold spores 
used to start fermentation of Japanese 
bread and sak4) extract agar colonies: 
Small, granular, circular, glistening, 
umbonate, becoming brownish. 

Wort agar colonies: Circular, milky- 
white, becoming brownish in center and 
yellowish at periphery. 

Glucose sak6 agar: Circular, milky- 
white, granular, umbonate, entire. 

Hoshigaki (dried persimmons) extract 
agar: Circular, milky-white, granular, 
becoming yellowish-brown in the center 
and grayish-white at the periphery. 

Koji extract agar streak: Grayish- 
white, glistening with ciliate margin, 
becoming purple brown to brown. 

Koji extract: Turbid with thin film, 
ascending on wall of tube. 

Bouillon: Turbid with ring formation. 
Yeast infusion glucose agar: Colonics 
similar to those on wort agar. 

Yeast infusion glucose broth: Turbid 
with thin, ascending film. 

Red color produced on 8ak6 wort agar 
and all media containing calcium 
carbonate. 

Acid from glucose, fructose, galactose, 
arabinose, glycerol, mannitol, ethyl and 
propyl alcohol. No acid from maltose, 
sucrose, lactose, rafHnose, dextrin, starch, 
inulin, sorbitol, glycogen, isodulcitol and 
methyl alcohol. 

Forms gluconic acid from glucose. 
Aerobic. 

Optimum temperatures 30® to 35®C; 
maximum 40® to 41®C; minimum 10® 
to 15®C. 

Thermal death point 50®C for 5 
minutes. 

Distinctive character: The formation 
of a rose to red pigment in suitable media; 
particularly those containing glucose 
and calcium carbonate. 

Source: Isolated from fermenting mash 
of dried persimmons (hoshigaki), and 
souring figs and dates. 

Note: Vaughn, Wallerstein Lab. Com¬ 
munications, No. 14, 1942, 20, has 
proposed the name Aeetobacter roseum to 
replace the name Acetohaeter hoshigaki. 


As originally described, this orgahism 
was given the name Bacterium hoshigaki 
var. rosea by Takahashi and Asai (loc, 
ctl.) without the authors having first 
named and described the species Bac¬ 
terium hoshigaki. The Japanese word 
^‘hoshigaki*’ has been used in a confus¬ 
ing manner viz. Takahashi and Asai, 
loc. cit. (Bacterium industrium var. 
hoshigaki) and Takahashi and Asai, 
Jour. Agr. Chem. Soc. Japan, 9,1933, 361 
and Cent. f. Bakt., II Abt., 87, 1933, 386 
(Bacterium hoshigaki var. glucuronicum 
I, II and III). None of these Japanese 
names are in the form of true binomials. 

6. Aeetobacter suboxydans Kluyver 
and de Leeuw. (Paper read at the con¬ 
vention of the Dutch Society of Microbiol¬ 
ogy, Utrecht, December, 1923, see Tijd- 
schrift v. Vergelijkende Geneeskunde, 
/O, Afl. 2-3, 1924.) From L. sub, under, 
less; Gr. oxys, sharp, acid; dons, giving, 
i.c. less acid giving; less oxidizing. 

Short rods; Occurring singly or in 
chains. Non-motilc. Morphologically 
like Aeetobacter rancens. 

Forms very thin, hardly visible pellicle 
on fluid media. 

Wort agar colonics: Very small, circu¬ 
lar, slightly yellow. 

Acid from ethyl alcohol, propyl alco¬ 
hol, glycol, glucose, glycerol and sorbitol. 

Optimum temperature 30®C. 

Distinctive character: Partial oxida¬ 
tion of substrates as indicated by the 
fornnation of calcium 6-keto gluconate 
crystals on the surface of agar slants con¬ 
taining glucose and calcium carbonate. 

Source: Isolated from spoiled beer. 

Habitat: Beer. 

7. Aeetobacter oxydans (Henneberg) 
Bergey et al. (Bacterium oxydans Hen¬ 
neberg, Cent. f. Bakt., II Abt., 5, 1897, 
223; Bacillus oxydans Migula, Syst. d. 
Bakt., 9,1900,800; Bergey et al.. Manual, 
let ed., 1923,36.) From Gr. oxys, sharp, 
acid; dans, giving. 

Rods: 0.8 to 1.2 by 2.4 to 2.7 microns, 
occurring singly and in chains. Motile 
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cells possess a single polar flagellum 
(Vaughn, Jour. Bact., 1943,304). The 
chains show bud-like swellings. 

Gelatin colonies: Circular, becoming ir¬ 
regular in shape with peculiar ramifica¬ 
tions. 

Acid from arabinose, fructose, glucose, 
galactose, sucrose, maltose, rafHnose, 
dextrin, ethyl alcohol, propyl alcohol, 
erythritol, mannitol, glycol and glycerol. 
No acid from sorbose, lactose, starch, 
glycogen, inulin, methyl alcohol, isopro¬ 
pyl alcohol, butyl alcohol, isobutyl 
alcohol, amyl alcohol, dulcitol and acetal¬ 
dehyde (Henneberg, Die deutsch. Essig- 
ind., £, 1898, 147). 

Aerobic. 

Optimum temperature 18® to 21®C. 

Distinctive characters: IjOW optimum 
temperature for growth and oxidation of 
substrates; and the ability to oxidize a 
large number of substrates. 

Habitat: Beer. 

Appendix: The following species have 
been described, but until more compara¬ 
tive studies have been made, no change 
in nomenclature is recommended or 
advisable. 

1. Acetobacter zeldleri Bcijerinck. 
(Ttrmohacierium aceli Zcidler, Cent. f. 
Bakt., II Abt., F, 1896, 739; Bacterium 
zeidleri Bcijerinck, Acetobacter zeidleri 
Beijerinck, Krai’s Sammlung v. Mikro- 
org., Prague, 1898, 7; Bacillus zeidleri 
Migulp, Syst. d. Bakt., F, 1900, 801; 
Acetobacter lindneri Bergey et al., Man¬ 
ual, 1st ed., 1923, 36.) Named for A. 
Zeidler, who first isolated this species. 

Rods, occurring singly and in chains, 
showing large sausage-shaped involution 
forms. Motile with a single polar flagel¬ 
lum (Zeidler, Cent. f. Bakt., II Abt., 
1808, 669). 

Wort gelatin: Small, oircular, slightly 
granular, yellowish-biown, entire 
colonies. No liquefaction. 

Dirty, yellowish-brown pellide on 
liquid media. 

Wort gelatin slant: Strongly gUstening» 


transparent, whitish in center, smooth, 
very weakly liquefied. 

Potato: Very scant growth. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, maltose, 
lactose, raffinose, dextrin, glycogen 
methyl alcohol, isopropyl alcohol, butyl 
alcohol, isobutyl alcohol, amyl alcohol, 
glycerol, mannitol and acetaldehyde 
(Henneberg, Die deutsch. £}ssigind., f, 
1898, 147). 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Beer wort. 

2. Acetobacter acetosom (Henneberg) 
Bergey et al. {Bacterium acetosum Hen¬ 
neberg, Cent, f. Bakt., II Abt., 5, 1897, 
223; Bergey et al.. Manual, 1st ed., 1923, 
36.) From Latin, ocefum, vinegar. 

Rods: 0.4 to 0.8 by 1.0 micron, occurring 
singly and in chains. Non-nmtile. 
Stains yellow with iodine. 

On beer, yeast water and glucose solu¬ 
tions a firm, coherent, uniform, snxwth, 
white film that becomes folded (Henne¬ 
berg, Garungsbakt., F, 1926,201). 

Acid from glucose, galactose, ethyl 
alcohol, and propyl alcohol. Xo acid 
from arabinose, fructose, sorbose, sucrose, 
maltose, lactose, raffinose, dextrin, 
starch, glycogen, inulin, methyl alcohol, 
isopropyl alcohol, butyl alcohol, iso- 
butyl alcohol, amyl alcohol, glycerol, 
erythritol; mannitol, dulcitol and acetal¬ 
dehyde (Henneberg, Die deutsch. Elssig- 
ind., f, 1898, 147). 

Optimum temperature 28®C, maximum 
36®C, minimum 8®C (Hennebeig, Cent, 
f. Bakt., II Abt., 4, 1888,14). 

Habitat: Beer. 

3. Acetobacter ascendens (Henne¬ 
berg) Beigey et al. (Boefertum osceii- 
dens Hennebeig, Zeitschr. f. deutache 
Esmgind., BerUn, No. 19 to 23,1898,145; 
also see Cent. f. Bakt., II Abt., 4 » 1898, 
933; Bergey et al., Manual, let 1983, 
87.) From Latin, aeeendo, pp. oseen* 
dms, aaeending. 

Rods, occurring singly, rarely in chains. 
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Non-motile. Do not givo the cellulose 
reaction with iodine solution. 

Glucose gelatin colonies: Dry, white, 
with white area surrounding the oolony. 

Fluid cultures have a tough pellicle 
rising on the wall of the flask. 

Acid from ethyl alcohol, propyl alcohol 
and glycol. No acid from arabinose, 
fructose, glucose, galactose, sucrose, 
maltose, lactose, raffinose, dextrin, 
starch, methyl alcohol, isopropyl alcohol, 
butyl alcohol, isobutyl alcohol, amyl 
alcohol, glycerin, mannitol and acetal¬ 
dehyde (Henneberg, Die deutsch. Essig- 
ind., F, 1898, 147). 

Aerobic. 

Optimum temperature 31^0. 

Habitat; Isolated from vinegar and 
from red wine. 

4. Acetobacter plicatum Fuhrmann. 
(Beihefte s. bot. Centralbl., Orig., 19, 
1905, 8.) Description given in Cent. f. 
Bakt., II Abt., IS, 1906, 377. From 
plicatus, folded. 

Hods: 0.55 to 0.7 by 0.75 to 0.9 microns 
when grown on agar at 28"* to 30®C. 
Young streak cultures 0.4 to 0.6 by 1.4 
to 1.6 microns with homogeneous staining 
when grown on beef-extract-gclatin at 
22^C. 0.5 by 1.5 to 1.7 microns with 
uneven staining (polar) when grown on 
wine gelatin. At about 40^0 the organ¬ 
isms form swollen and greatly elongated 
forms. Non-motile. 

Agar slant: Pale yellowish, translucent 
growth. 

Alcohol-free beer with glucose and 
sucrose: Turbid with thick pellicles. 

Potato: Growth limited. 

Ferments alcohol to form acetic acid. 

Optimum temperature 28'’ to 30'’C. 

Habitat: Wine. 

5. Acetobacter acetigenum (Henne¬ 
berg) Bergey et al. (Bacterium acetic 
genum Henneberg, Cent. f. Bakt., II 
Abt., i, 1898, 14; Bacillus acetigenum 
Migula, Syst. d. Bakt., 9, 1900, 801; 
Bergey et al., Manual, Ist ed., 1923, 
85.) From Latin, producing vinegar. 


Rods, occurring singly and in pairs. 
0.8 to 1.2 by 1.2 to 1.4 microns. Motile. 
Cells give a cellulose reaction with 112804 
and iodine. 

Glucose gelatin colonies: Raised, gray¬ 
ish, slimy. 

Fluid cultures show a tough, slimy 
pellicle. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid 
from arabinose, fructose, galactose, sor¬ 
bose, sucrose, maltose, lactose, raffinose, 
dextrin, starch, glycogen, inulin, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Henneberg, Die deutsch. Kssig- 
ind.,F, 1898,147). 

Aerobic. 

Optimum temperature 33®C. Thermal 
death point 43® to 45®C for 5 minutes. 

ITahitat: Vinegar. 

6. Acetobacter industrium (Henne- 
berg) Bergey et al. (Bacterium indus¬ 
trium Henneberg, Zeitschr. f. deutsche 
Essigindustrie, Berlin, 1898; Cent. f. 
Bakt., II Abt., 4, 1898, 933; Bacillus 
industrius Migul.a, Syst. d. Bakt., 2, 
1900, 801; Bergey ct al.. Manual, 1st ed., 
1923, 36.) From Latin industrius, 

<Uligent. 

Rods: 0.3 to 0.8 by 2.4 to 20 microns, 
occurring singly and in chains. No 
distinct color produced with iodine. 
Motile. 

Forms pellicle on fluid culture media. 

Acid from arabinose, fructose, glucose, 
galactose, sucrose, maltose, lactose, raffi¬ 
nose, starch, dextrin, ethyl alcohol, 
propyl alcohol, glycol, glycerol and 
mannitol. No acid from isopropyl alco¬ 
hol, butyl alcohol, isobutyl alcohol, amyl 
alcohol and acetaldehyde (Henneberg, 
Die deutsch. Essigind., 2, 1898, 147). 

Aerobic. 

Optimum temperature 23^0. Maxi 
mum 35^0. Minimum 8^C. 

Habitat: Beer wort. 
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7. Bacterium schuezenbachii Henne- 
berg. (Die deutsche Essigind., No. 
11-18, 1906; also Cent. f. Bakt., II Abt., 
17,1906, 790.) Named for Schiizenbach, 
the inventor of the German quick vinegar 
process. 

Rods: 0.3 to 0.4 by 1.0 to 3.6 microns, 
occurring singly, in pairs and chains. 
The cells arc round, oval or elongated, not 
infrequently sickle-shaped or irregularly 
bent with rounded or jwinted ends. 
Not stained with iodine. Non-motile. 

Wort gelatin colonies: Round, shiny, 
transparent with yellowish-brown cen¬ 
ters. 

A non-coherent film produced on the 
surface of liquid media. 

Acid from arabinose, fructo.se, glucose, 
galactose, maltose, lactose, dextrin, ethyl 
alcohol, propyl alcohol, glycerol and 
crythritol. Small amount of acid from 
sucrose and raflinosc. No acid from 
mannitol (llenneberg, Ilandbuch d. G^r- 
ungsbakt., i?, 1925, 239). 

Temperature relations; Optimum 25"* 
to 27.6®C. Scant growth at 34® to .35®r 
and 13® to 15®C. No growth at 37® and 
7.5®C. 

Source: Isolated from vinegar in the 
quick vinegar process. 

Habitat: Produces acetic acid in quick 
vinegar process. 

8. Bacterium xyllnoides llenneberg. 
(Die deutsche Essigind., No. 11 to IS, 
1906; also Cent. f. Bakt., II Abt., /7, 
1906, 794.) From Greek, woody. 

Rods: 0.5 to O.S microns (round cells) 
and 0.5 to 1.2 microns (long forms), oc¬ 
curring singly^Jn pairs or chains, cells 
round and as short and long rods. The 
thick membrane like that produced by 
Acetobacter xylinum gives the reaction 
for cellulose with iodine and sulfuric 
acid, but the thin membrane does not. 

Wort gelatin: Colonies arc produced 
like drops of water, often with light brown 
kernels in the center. 

Wort gelatin streak: Growth transpar- 
out At first, later whitish. 


Three types of membrane on fluid 
media are formed by this species and all 
three may even be found on a culture at 
one time. A thin, Arm, coherent mem¬ 
brane like that of Bacterium orleanenee 
may be formed or one that is voluminous, 
scumlike (like coagulated egg-white), 
coherent, somcwliat slim^'' and finally 
thick like tliat of Bacterium xylinum. 
Also a membrane may be formed that is 
intermediate in type. 

Acid from arabinose, glucose, galac¬ 
tose, sucrose, maltose, ethyl alcohol, 
propyl alcohol, glycerol and erythritol. 
Small amount of acid from fructose and 
mannitol. 

Temperature relations: Optimum 28®C. 
Slight growth at 14®C. No growth at 
6®C. 

Source: Isolated from wine vinegar 
from the Rhine and other sections. 

Habitat: Found in vinegar made by the 
Orleans method. 

9. Bacterium orleanense Hennebeig. 
(Die deutsche Essigind., No. 11-18,1906; 
also (*cnt. f. Bakt., II Abt., /7,1906,792.) 
l.atinizcd, of Orleans. 

Rods: 0.4 to 0.5 by 1.2 to 2.1 microns, 
occurring singly or in chains. The cells 
are round, elongated or as involution 
form.s, with straight or curved cells 
appealing. Not stained with iodine. 
Non-mot ile. 

Wort gelatin ’ (olouies irrt'gular in 
form, whitish in color, about 1 mm. in 
fliameter in 2 days. 

Wort gelatin streak: Growth often 
slimy, transparent, liquid mass with 
yellowish-brown sediment. 

Wort agar streak: Some strains form 
isolated, moist, slimy, transparent colo¬ 
nies and on the water of condensation 
isolated whitish colonies are formed. 
Other strains form a coherent, trans¬ 
parent coating with a light brown pre¬ 
cipitate later and individual, distinct, 
round colonies of the same color. 

Characteristic of this species is the Ann 
coherent film on the surface of liquid 
inediA. 
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Acid from arabinose, glucose, galac¬ 
tose, maltose, lactose, ndlinose, dextrin, 
ethyl alcohol, propyl alcohol, glycerol, 
erythritol and mannitol. Small amount 
of acid from fructose and sucrose (Hen- 
neberg, Handbuch d. G&rungsbakt., F, 
1926,239). 

Temperature relations: Optimum 20* 
to 30*C. Slight growth at 35* to 36*C 
and 14* to 15*C. No growth at 39* and 
at7*toS*C. 

Source: Isolated from vinegar in the 
quick vinegar process. 

Habitat: Can be used both in the 
quick or German process and the Orleans 
method of making vinegar. 

10. Bacterium vini acetati Henneberg. 
(Die deutschc Essigind., No. 11-18,1906; 
also Cent. f. Bakt., II Abt., 17, 1906, 
797.) From Latin vinum, wine and 
aeetum, vinegar. 

Rods: 0.3 to 0.8 by 0.8 to 2.0 microns, 
occurring singly, in pairs and sometimes 
as short chains of three; cell round, oval 
or slightly elongated, and rarely moder¬ 
ately long forms. Streptococcus-like 
cells are found on older agar cultures and 
spindle forms in beer gelatin with 10 per 
cent sucrose. 

Wort gelatin: Round, moist, shiny, 
transparent colonies with whitish sedi¬ 
ment in the center. 

The film on liquid media is not strongly 
coherent and the liquid is cloudy. 

Acid from arabinose, fructose, glucose, 
galactose, sucrose, maltose, rafhnose, 
dextrin, ethyl alcohol, propyl alcohol, 
glycerol and erythritol. No acid from 
lactose (Henneberg, Handbuch d. G&r- 
ungsbakt., F, 1925, 239). 

Optimum temperature 28* to 33*C. 
Source: Wine vinegar. 

Habitat: Found in vinegar made by the 
Orleans method for wine vinegar. 

11. Bacterium curvum Henneberg. 
(Die deutsche Essigind., No. 11-18,1996; 
also (Dent. f. Bakt., II Abt., 17, 1906, 
791.) From I^itin, curnis, bent. 

Rods: 0.4 to 0.5 by 2.0 to 2.4 microns. 


occurring singly or in pairs, cells usually 
oval or elongated, not infrequently sickle¬ 
shaped, with rounded or pointed ends. 
Not stained with iodine solution. Non- 
motile. 

Wort gelatin: Transparent, round colo¬ 
nies with raised center and edge, fre¬ 
quently whitish and dry. 

A non-coherent scanty pellicle is 
formed on the surface of liquid media 
which sinks readily and the liquid is 
quite turbid. 

Forms round white islands on the 
surface of wort with 3 per cent alcohol. 

In old cultures on beer are to be found 
numerous smooth light brown raised 
colonies about 1 m^i in diameter on the 
uniform transparent base of the surface 
membrane. 

Acid from arabinose, glucose, raffinosc, 
dextrin, ethyl alcohol, propyl alcohol, 
glycerol and erythritol. Small amount 
of acid from fructose, galactose and 
mannitol. No acid from sucrose, maltose 
and lactose (Henneberg, Handbuch d. 
Glirungsbakt., F, 1925, 239). 

Temperature relations: Optimum 25* 
to 30®C. Scant growth at 16* to 17*C. 
No growth at 7® to 8*C. Growth at 35®C. 
No growth at 39*C. 

Source: Isolated from vinegar in the 
quick vinegar process. 

Habitat: Produces acetic acid in the 
quick vinegar process. 

12. Acetobacter viscosum Shimwcll. 
(Bacterium aceti viscosum Day and 
Baker, Cent. f. Bakt., II Abt., S6, 1913, 
433; Bacillus aceti viscosum Day and 
Baker, ibid., 437; Also see Baker, Day 
and Hulton, Jour. Inst. Brewing, —, 
1912, 651; Shimwcll, Jour. Inst. Brewing, 
4F (N. S. 5F), 1936, 586.) From Latin, 
viscous or slimy. 

Rods: 0.4 by 1.2 microns which produce 
ropiness in beer. No capsules observed. 
Non-motile as a rule. Weakly Gram¬ 
positive. 

Source: From ropy beer. 
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13. Acetobacter capsulatum Shimwell. 
(Jour. Inst. Brewing, W (N. 8. 5:8), 
1936, 585.) From Latin, capsulatcd. 

Coccoid rods, 0.8 to 1.0 micron in malt 
extract media. 0.6 to 1.5 microns in other 
media. Produce ropiness in beer. Cap- 
sulated. Motile. Gram-negative. 

Source: From ropy beer. 

14. Acetobacter gluconicum (Her¬ 
mann).’* {Bcxterium gluconicum Her¬ 
mann, Biochem. Zeit., 192, 1028, 108; 
also see Hermann, Biochem. Zeit., 205, 
1929, 297 and Hermann and Neuschul, 
Biochem. Zeit., 2SS, 1931, 129.) 

It is unfortunate that an organism so 
well described must be placed with other 
species of uncertain standing. How¬ 
ever, this organism is so closely related 
to the other organisms described in the 
literature that further study is nec¬ 
essary. 

Source: From kombucha, a mixture of 
fungi and bacteria from tea infusions. 

15. Acetobacter turbldans Cosbic, 
ToSid and Walker. (Jour. Inst. Brewing, 
4S, 1942, 82.) 


This beer vinegar bacterium is char¬ 
acterized by the production of intense 
turbidity in beer and ale. The descrip¬ 
tion given does not, at present, warrant 
recognition of ^the organism as a new 
species. 

Source: From beer. 

16. Bacterium dihydrozyacetonicum 
Virtanen and B&rlund. (Biochem. Zeit., 
169, 1926, 170.) 

There is no adequate description of 
this bacterium, and it is doubtful 
whether it can be properly evaluated 
since various species of Acetobacter also 
possess the ability to produce dihydroxy- 
acetone from glycerol. Consideration 
of this as a nomen nudem was indicated 
by Virtanen to Vaughn in a personal 
communication in 1938. 

Source: From beet juice. 

17. Acetobacter perozydana Visser ’t 
Hooft. (Inaug. Diss., Delft, 1925, 98.) 

The exact taxonomic position of this 
bacterium will not be clear until further 
comparative studies have been made. 

Source: From hydrogen pero.xide solu¬ 
tions. 


Genua V. Protaminobacter den Dooren de Jong,\ 

(Bijdrage tot de kennis van het mineralisaticproces. Thesis, Rotterdam, 1926, 
150.) From M. L., protamine and Latin, bactrum, rod. 

Cells motile or non-motile. Capable of dissimilating alkylamins. Pigmentation 
frequent. Soil or water forms. ^ 

The type species is Protaminobacter alboflavum den Dooren dc Jong. 

Key to the epeciea of genua Protaminobacter. 

I. Non-motile. Gelatin colonies light yellow to colorless. 

1. Protaminobacter aJJbofUwun 

II. Motile. Gelatin colonies red. 

2. Protaminobacter rubrum. 


1. Protaminobacter alboflavum den Abt., 71, 1927, 218.) From Latin olbtu, 
Dooren de Jong. (Thesis, Rotterdam, white; Jlosus, yellow. 

1926, 159; also see Cent. f. Bakt., II Rods: Non-motile. Gram-negative. 


* It is uncertain at present who first used this combination, 
t Prepared by Prof. D. H. Bergey, Philadelphia, Pennsylvania, June, 1929; further 
revision by Prof. Robert S. Breed, New York State Experiment Station, Geneva 
New York, April, 1943. 




190 


KANUAL OF D£T£RM1NAT1V£ BAGT£B10L0GT 


Gelatin colonies: Circular, dry, light 
yellow or colorless. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, opaque, pig> 
ment bright red, yellow, light gray or 
colorless. 

Amine agar colonies: Circular, Nvhite to 
dark yellow. 

See table below for list of organic sub¬ 
stances utilized. 


2. ProtaminobacterrubrumdenDooren 
de Jong. (Thesis, Rotterdam, 1926, 
159; also see Cent. f. Bakt., II Abt., 
71, 1927, 218.) From Latin, ruber, red. 

Rods: Motile with single polar flagel¬ 
lum (Weaver, Samuels and Sherago, 
Jour. Bact., S6, 1938, 59). Gram-nega¬ 
tive. 

Gelatin colonies: Circular, red, dry. 

Gelatin stab; No liquefaction. 


Table I. —Organic Subatances Utilized aa a Source of Carbon by Varietiea of 
Protaminobacter alboflavum 
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+ 

+ 

+ 

+ 

Leucin 


+ 

0 

0 

Isoprop>l. 

0 

+ 

0 

0 

UndecycUc . .. 

0 

0 

0 

+ 

P/opionamid 

+ 

0 

+ 

0 

Dipropyl 

+ 

+ 

0 

0 

Lietie. 

+ 

0 

0 

+ 

Capronamid 

+ 

0 

+ 

0 

Tripropyl.. 

-b 

0 

0 

0 

A*<aybutyric . . 


-f 

+ 

-f 

Uric acid . .. 

+ 

0 

0 

0 

Butyl 

+ 

0 

+ 

0 

Suednie .... 

+ 

+ 

+ 

+ 

Hippuric acid 

+ 

0 

0 

0 

Isobutyl 

+ 

+ 

+ 

+ 

Formic . 

+ 

+ 

+ 

+ 






Diisobutyl 


+ 

0 

0 

Olutario . 

0 

+ 

c 

+ 

ALCOHOL 





Amyl 

+ 

+ 

+ 

+ 

Adipic . 

0 

0 

0 

+ 






Diamyl. .. 

0 

•b 

0 

0 

Fumarie . .. 

+ 

+ 

+ 

+ 

Ethyl 

4. 

4. 

_L. 

4. 

Ethanol . 

+ 

+ 

+ 

•f 

Malic . 

+ 

+ 

+ 

+ 






Glucosamin 

+ 

+ 

■b 

0 

Tartaric . 

0 

+ 

0 

0 






Bensyl 


0 

+ 

0 

Citric . 

+ 

+ 

+ 

+ 

SUGAR 










B-pbonylpropi- 















onic . 

+ 

0 

0 

0 

Glucose . 

+ 

' + 

+ 

0 






Quinic . 

+ 

i + 


i ® 












Catalase is formed. 

Aerobic, facultative. 

Optimum temperature 30 ^C 

Habitat: Soil and water. 

Note: The author recognizes four 
varieties of this species which he dif¬ 
ferentiates on the basis of organic sub¬ 
stances attacked (see Table) and pig¬ 
ment produced. Variety a shows light 
yellow growth on gelatin, bright red on 
agar and yellow on amine agar. Variety p 
is light yellow on gelatin, yellow on agar 
and dark yellow on amine agar. Variety 
7 is light yellow on gelatin, light gray on 
agar and yellow on amine agar. Variety 
5 is colorless on gelatin and agar and white 
on amine agar. 


Agar colonies: Circular, red, opaque. 

Amine agar colonies: Circular, dark 
red. 

The following organic acids are at¬ 
tacked : Acetic, lactic, /5-oxybutyric, 
glycerinic, succinic, malonic, formic, 
methyl formic, glutaric, maleinic, fu- 
maric, malic, tartaric, citric and quinic. 

The following amino compounds are 
attacked: Sarcosin, betain, hippuric 
acid, asparagine, propionamid, caprona- 
mid, lactamid, succinamid, allantoin 
and uric acid. 

Glucose is fermented. 

Catalase is formed. 

Aerobic, facultative. 

Optimum temperature 30*C. 

Habitat: Soil and water. 
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Qenm VI. Mycoplana Gray and Thornton.* 

(Cent. f. Bakt., II Abt., 75, 1928, 82.) From Greek, mykeSf fungus; pfan^, a wan¬ 
derer or traveller. 

Cells branching, especially in young cultures. Frequently banded when stained. 
Capable of using phenol and similar aromatic compounds as a sole source of energy. 
Grow well on standard culture media. 

Type species Mycoplana dmorphn Gray an<l Thornton. 


Key to the species of genets Mycoplana. 


I. Gelatin not liquefied. 
II. Gelatin liquefied. 


1. Mycoplana dimorpha. 

2. Mycoplana bullata. 


1. Mycoplana dimorpha Gray and 
Thornton. (Cent. f. Bakt., II Abt., 
7S, 1928, 82.) From Greek, di, two; 
morphoSf forms. 

Short, curved and irregular rods, 0.5 
to 0.7 by 1.25 to 4.5 microns, showing 
branching especially in young cultures. 
fMotile, with long polar flagella. Gram- 
negative. 

Gelatin colonies:Circular, buff, smooth, 
resinous, entire. 

Gelatin stab: No liquefaction. Growth 
filiform.. 

Agar colonies: Circular, buff, convc.x, 
smooth, glistening, entire. 

Agar slant: Filiform, white, convex, 
glistening, entire. 

Broth: Turbid, with surface ring. 

Nitrites not produced from nitrates 
but gas evolved in fermentation tubes. 

Starch hydrolyzed. 

No acid from carbohydrate media. 

Attacks phenol. 

Aerobic. 

Optimum temperature below 30®C. 

Source: One strain isolated from soil. 

Habitat: Probably in soil. 


2. Mycoplana bullata Gray and Thorn¬ 
ton. (Cent. f. Bakt., II Abt., 75, 1928, 
83.) From Latin, bullatus, furnished 
with a boss or knob. 

Rods, curved and irregular, branching, 
0.8 to 1.0 by 2.25 to 4.5 microns. fMotile 
with polar flagella. Gram-negative. 

Gelatin colonies: Circular, buff,smooth, 
glistening, edge diffuse. Partially lique¬ 
fied. 

Gelatin stab: Saccate liquefaction. 

/Vgar colonies: Circular, white, convex, 
smooth, glistening, entire. 

Agar slant: Filiform, white, convex, 
.smooth, glistening, entire. 

Broth: Turbid. 

Nitrites not produced from nitrates. 
Gas, presumably N, in fermentation 
tubes. 

Starch not hydrolyzed. 

No acid from carbohydrate media. 

Attacks phenol. 

Aerobic. \ 

Optimum temperature below 30®C. 

Source: Two strains isolated from soil. 

Habitat: Probably in soil. 


♦ Prepared by Prof. 1). H. Bergey, Philadelphia, Pennsylvania, June, 1929. 
t The original statements regarding the flagellation of these species arc contra¬ 
dictory. The first reads ‘Tolar, peritrichous; the second “Polar or peritrichous”. 
Drawings given usually indicate peritrichous rather than polar flagellation. Further 
study is needed before these species can be properly placed in relation to other known 
species.—^Editors. 
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TRIBB 11. SPIRILLEAB KLUYVER AND VAN NIEL. 

(Cent. f. Bakt., II Abt., 94, 1936, 346.) 

More or less spirally curved cells. 

Key to the genera of tribe Spirilleae. 

I. Generally motile by means of a single polar flagellum. 

A. Short, bent rods occurring singly or united into spirals. 

Genus I. Vibrio, p. 192. 

B. Slightly curved rods of variable length. Strict anaerobes which reduce 

sulfates to hydrogen sulfide. 

Genus II. Desulfovibrio, p. 207. 

C. Cells oxidize cellulose forming oxycellulose. Growth on ordinary culture 

media is feeble. 

1. Long, slightly curved rods with rounded ends. 

Genus III. Cellvibrio, p. 209. 

2. Short, curved rods with pointed ends. 

Genus IV. Cellfalcicula, p. 211. 

II. Generally motile by means of a tuft of polar flagella. Cells of varying thick¬ 
ness, and length and pitch of spiral, forming cither long curves or portions 
of a turn. 

A. Oxidize inorganic sulfur compounds. Cells contain free sulfur granules. 

Genus V. Thiospira, p. 212. 

B. Not as above. 

Genus VI. Spirillum, p. 212. 

Genus I. Vibrio Mailer 

(Muller, Vermium terrestrium et fiuviatilum, 1, 1773, 39; Pacinia Trevisan, Att* 
d. Accad. Fisio-Medico-Statistica in Milano, Ser. 4, 5, 1885, 83; Microspira Schroetcr» 
in Cohn, Kryptogamen-Flora von Schle8ien,5, 1, 1886, 168; Pseudospira De Toni and 
Trevisan, Sylloge Fungorum, 8, 1889, 1018; Photobacterium Beijerinck, Arch. n^rl. 
d. sci. exactes, 23, 1889, 401; Liquidovibrio Orla-Jensen, Cent. f. Bakt. II Abt., 22, 
1909, 333; Solidovibrio Or\&-Jcnsen, ibid.; Dicrospira Enderlein, Sitzber. Ges. naturf. 
Freunde, Berlin, 1917, 313.) From I.atin, vibro, vibrate. 

Cells short, curved, single or united into spirals. Motile by means of a single polar 
flagellum which is usually relatively short; rarely, tw'o or three flagella in one tuft. 
They grow well and rapidly on the surface of standard culture media. Aerobic to 
anaerobic species. Mostly water forms, a few parasites. 

The type species is Vibrio comma (Schroeter) Winslow et al. 

Key to the species of genus Vibrio. 

I. Gelatin liquefied. 

A. Nitrites produced from nitrates. 

1. Indole is formed. 

a. Milk not coagulated. 

1. Vibrio comma. 

2. Vibrio berolinensis. 

BA, Milk coagulated, 

3. Vibrio metsehnikovii. 


* Revised by Prof. D. H. Bergey, Philadelphia, Pennsylvania, April, 1037; partial 
revision by Capt. Wm. C. Haynes, Sn.C., Fort Bliss, Texas, July, 1943 and by Lt. 
Col. A. Parker Hitchento, University of Pennsylvania, Phila^lphia, Penna., Decem¬ 
ber, 1943. 
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2. Indole not formed. 

a. Milk not coagulated. 

4. Vibrio tyrogenuB, 

5. Vibrio xenopuB. 

B. Nitrites not produced from nitrates. 

1. Indole is formed. 

a. Milk coagulated, peptonized. 

6. Vibrio piBcium. 

2. Indole not formed. 

a. Milk acid, coagulated. 

7. Vibrio proUuB, 

8. Vibrio wolfii. 

9. Vibrio BpuiigenuB. 

10. Vibrio liquefacienB. 

aa. Milk not coagulated. 

b. Growth on potato thin, barely visible. 

11. Vibrio BtrieiuB. 
bb. No growth on potato. 

12. Vibrio oquatiliB, 
aaa. Action on milk not reported. 

b. Acid from glucose. Attacks naphthalencr. 

13. Vibrio neocisteB, 


bb. No acid from carbohydrates. Attacks naphthalene. 

14. Vibrio cuneaiuB, 

bbb. No acid from carbohydrates. Liquefies agar. 

15. Vibrio granii. 

II. Gelatin not liquefied. 

A. Nitrites produced from nitrates. 

1. Acid and gas from glucose. 

16. Vibrio leonardii, 

2. Acid but not gas from glucose. Liquefies agar. 

17. Vibrio ogarliquefacienB. 

B. Nitrites not produced from nitrates. 

1. Acid from glucose. 

18. Vibrio cycloBiUB. 

2. No acid from carbohydrates. 

19. Vibrio percolariB, 

C. Nitrite production not reported. 

1. Requires the addition of ammonium sulfate for growth. Ammonium 

sulfate agar liquefied. 

20. Vibrio andoi. 

2. Do not require ammonium sulfate for growth. 

a. Indole not formed. 

b. Microaerophilic, becoming aerobic. 

21. Vibrio fetuB. 
bb. Aerobic, facultative. 

22. Vibrio pieranlonii. 


1. Vibrio comma (Schroeter) Wins- 479; SpiriUum choterae oBiaiicae Zopf, 
low et al. (Kommabacillus, Koch, Die Spidtpilse, 3 Aufl., 1885.69; Poctma 
Berliner klin. Wochenschr*. F/, 1884, eholsrosostoftcos Trevisan, Atti d. Aecad. 
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Fisio-Med.-Statistica in Milano, Ser. 4, d, 
1885, 84; Mierospira comma Schroeter, in 
Cohn, Kryptogamen Flora v. Schlesien, 
S, 1, 1886, 168; Vibrio cholerae Ncisser, 
Arch. f. Hyg., 19, 1893, 199; Vibrio 
cholerae asiaticae Pfeiffer, in Fltiggc, Die 
Mikroorganismen, 2, 1896, 527; Winslow 
et al.. Jour. Bact., 5. 1920, 204; Bacillua 
cholerae Holland, Jour. Bact., 5, 1920, 
217; Bacillus comma Holland, ibid., 218; 
Spirillum cholerae-asiaiicac Holland, 
ibid., 225; Vibrio cholerac-asiaticae Hol¬ 
land, ibid., 226.) From Latin, comma. 

Slightly curved rods, 0.3 to 0.6 by 1.0 
to 5.0 microns, occurring singly and in 
spiral chains. Cells may be long, thin 
and delicate or short and thick. May 
lose their curved form on artificial culti¬ 
vation. Motile, possessing a single 
polar flagellum. Gram-negative. 

Gelatin colonies: Small, yellowish- 
white. 

Gelatin stab: Rapid napiform lique¬ 
faction. 

Agar colonies: Circular, whitish-brown, 
moist, glistening, translucent, slightly 
raised, entire. 

Agar slant: Brownish-gray, moist, 
glistening. 

McConkey’s medium: Good growth, 
colonies colorless when young, soon 
pinkish, medium becomes darker red. 

Broth: Slightly turbid, with fragile, 
wrinkled pellicle and flocculcnt precipi¬ 
tate. 

Peptone water: Characteristic rapid 
growth, chiefly at surface, where after 
6 to 9 hours, a delicate membrane is 
formed; little turbidity, deposit appar¬ 
ently derived from pellicle (Topley and 
Wilson, Princip. Bact. and Immun., 
2nd ed., 1936, 388). Readily isolated 
from the surface film of 0.1 per cent 
peptone water. 

Litmus milk: Alkaline at the top and 
slightly acid at bottom; generally not 
coagulated; peptonized; reduced. 


Potato: Dirty-white to yellowish, moist, 
glistening, spreading. 

Blood serum: Abundant grow^th, some¬ 
times slow liquefaction. 

Blood agar: The blood pigment is di¬ 
gested forming a greenish zone around 
colonies; a true soluble hemolysin is 
not formed (the El Tor vibrio also di¬ 
gests blood pigment but in addition pro¬ 
duces a soluble hemolysin. Otherwise it 
is said to be indistinguishable from the 
typical cholera vibrio). 

Indole is formed. 

Nitrites produced from nitrates. 

Cholera-red reaction, which depends 
on production of indole and reduction of 
nitrates is positive. 

Hydrogen sulfide is formed. 

Acid but not gas from glucose, fruc¬ 
tose, galactose, maltose, sucrose and 
mannitol. Slowly from glycerol. Does 
not attack lactose, inulin or dulcitol. 

Group 1 of Heiberg (Classification of 
Vibrio cholerae and Cholera-like Vibrios. 
Copenhagen, 1935) ferments mannose 
and sucrose but not arabinose. 

Hydrolyzes starch actively in alkaline 
media. 

High alkali but low acid tolerance; 
optimum pH 7.6 to 8.0; for isolation on 
Dicudonne’s medium pH 9.0 to 9.6. 

Aerobic, grows best in abundant oxy¬ 
gen; under strict anacrobiosis may fail 
to grow altogether. 

Optimum temperature 37®C. Maxi¬ 
mum 42®C. Minimum 14®C. 

Source: From intestinal contents of 
cholera patients in Egypt and India. 

Habitat: Intestinal contents of cholera 
patients and carriers. 

The relationships existing among the 
cholerigenic and non-pathogcnic water 
vibrios, although studied intensively, 
have not yet been completely defined. 
As a working scheme, based on somatic 
(0) and flagellar (H) antigen studies, 
Gardner and Vankatraman (Jour. Hyg.. 
S6, 1935, 262-282) suggest the following 
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Cholera group of vibrios. 
(Biochemically similar. Common II antigen.) 


0-sub-group I. 


Non-hcmolytic 
(goat cells). 
Cholera vibrios. 
Types—original, 
variant and 
middle. 


Hemolytic (goat 
cells). 

El Tor vibrios. 
Types—original 
and variant 
(Pmiddle). 


Linton (Bact. Rev., 1940, 275) has 
outlined a classification of the vibrios 
based upon their protein and poly¬ 
saccharide structures. Using chemical 
methods, it was found that one poly¬ 
saccharide and one protein was com¬ 
monly obtained from each strain of 
vibrio; when exceptions occurred, it was 
invariably noted that the strain was 
undergoing dissociation. Given a single 
protein and polysaccharide in each 
vibrio, it was possible to divide the 
strains into six groups, which were 
numbered in the order of their discovery 
as shown in the table. 


A chemical grouping of the cholerigenic 
and water vibrios. 


Group 

Protcia Type 

Polyucchuide 

Type 

I 

I 

I 

II 

I 

II 

III 

II 

II 

IV 

II 

1 

V * 

II 

III 

VI 

I 

III 


The strains of Groups I and II possess 
the same protein and different poly¬ 
saccharides. These are derived from 
cases of cholera and have the serological 


O sub-groups II, III, IV, V, VI and 
individual races (mostly hemolytic). 
Paracholcra, cholera-like, and some 
El Tor vibrios. 

(Types within sub-groups underlined.) 


and biochemical rharacteristics of O- 
Group I, Vibrio cholera. Group I strains 
arc more common than those of Group 
II, which have, however, been isolated 
from epidemics with a high mortality. 
The phospholipid fraction is common to 
both types when isolated in the early 
part of an epidemic, but is not found in 
strains of other groups. The harmless 
water vibrios, which arc so heteroge¬ 
neous serologically (Taylor and Ahuja, 
Indian Jour. Med. Res., 2G, 1938, 8-32) 
form a single chemical group with a 
homogeneous structure. They fall into 
Group III, which differs in its protein 
structure from the authentic cholera 
vibrios, and re.sembles Group II in its 
polysaccharide. The vibrios of Group 
IV, which c.ame from El Tor and from 
chronic vibrio carriers are believed on 
epidemiological grounds to be harmless, 
although serological methods have failed 
to distinguish them from cholerigenic 
vibrios. Group V, which, like III and 
IV, contains protein II, consists, like 
Group IV, of strains from chronic vibrio 
carriers. Group VI strains are only 
rarely isolated in nature and representa¬ 
tives of this group are generally found 
among collections of old laboratory 
strains. They appear to be the result of 
polysaccharide variation from Group I 
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after long-continued growth on artificial 
media. 

2. Vibrio berollnensis Neisser. (Arch, 
f. Hyg., 19, 1893, 200; Microspira hero- 
lineneis Migula, in Engler and Prantl, 
Die natUrl. Pfianzenfam., 1, la, 1805,33.) 
From M. L., the genitive of Berolina, the 
Latin name for Berlin. 

Curved rods, somewhat smaller than 
F»6rfo comma. Frequently occurring 
in pairs. Motile, possessing a polar 
fiagellum. Pleomorphic. Gram-nega¬ 
tive. 

Gelatin colonies: Small, grayish, 
slightly granular, fragmented. 

Gelatin stab: Slow, napiform lique¬ 
faction. 

Agar slant: Grayish-yellow, moist, 
glistening. 

Broth: Turbid, with gray pellicle. 

Litmus milk: No coagulation, no acid. 

Potato: Brownish streak. 

Indole is formed. 

Nitrites produced from nitrates. 

Not pathogenic for mice, pigeons or 
guinea pigs. 

Aerobic, facultative. 

Optimum temperature 37®C. Mini¬ 
mum above lOX. Maximum less than 
60®C. 

Source: Isolated from filtered Spree 
river water. 

3. Vibrio metschnlkovii Gamal^ia. 
(Gamaldia, Ann. Inst. Pasteur, 9, 1888, 
482; Pacinia melschnikoffi Trevisan, I 
gencri e le specie dclle Batteriacce, 1889, 
23; Spirillum metschnikovi Sternberg, 
Man. of Bact., 1893, 511; Vibrio nord- 
hafen Pfuhl, Ztschr. f. Hyg., 99, 1894, 
234; Microspira melschnikoffii Migula, 
in Engler and Prantl, Die nattirl. Pflan- 
zenfam., i, la, 1895, 33.) Named for 
Metschnikoff, Russian bacteriologist. 

Ph>bab]e synonyms: Vibrio schnyl- 
kiliensis Abbott, Jour. Exp. Med., f, 
1896, 424 {Microspira schuylkiliensis 
Chester, Manual Determ. Bact., 1901, 
334); Vibrio danttbieus Heider, Cent. f. 


Bakt., 14, 1893, 341 {Microspira danubica 
Migula in Engler and Prantl, Die natUrl. 
Pflanzenfam., f, la, 1895, 33; Spirillum 
danubicum Holland, Jour. Bact., 6, 1920, 
225). 

Curved rods, somewhat shorter and 
thicker than Vibrio comma. Motile. 
Gram-negative. 

Gelatin colonies: Like those of Vibrio 
comma. 

Gelatin stab: Rapid, napiform lique¬ 
faction. 

Agar slant: Yellowish, plumose, moist, 
glistening. 

Broth: Turbid, with thin, white pel¬ 
licle. 

Litmus milk: Acid, coagulated (eighth 
day); not peptonized. 

Potato: Delicate, brownish growth. 

Indole is formed. 

Nitrites produced from nitrates. 

Pathogenic for pigeons, fowls, and 
guinea pigs. 

Aerobic, facultative. 

Optimum temperature 37®C. Maxi¬ 
mum less than 45®C. 

Source: Isolated from fowl dead of a 
choleraic disease. 

Habitat: The intestinal contents of 
chickens, pigeons and other animals suf¬ 
fering from a cholera-like disease. 

4. Vibrio tyrogenus (Fltiggc) Hol¬ 
land. (Kftsespirillen, Dencke, Deutsch. 
med. Wochnschr., //, 1885, 33; Spirillum 
tyrogenum Flfiggc, Die Mikroorganismeit, 
2 Aufi., 1886, 386; Pacinia denekei Trevi¬ 
san, I generi e Ic specie dellc Batteriacee, 
1889, 23; Microspira iyrogena Migula, 
in Engler and Prantl, Dio naturl. Pflan¬ 
zenfam., 1, la, 1895, 33; Holland, Jour. 
Bact., 5, 1920, 225; Vibrio denekei 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 541.) From Greek tyros, cheese; 
genes, produced from. 

Curved rods, rather smaller and more 
slender than Vibrio comma, often very 
long, closely wound spirals. Motile, 
possessing a polar flagellum. Gram¬ 
negative. 
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Gelatin colonies: Small, gray, granular, 
entire. 

Gelatin stab: Rapid, saccate liqucfac> 
tion. 

Agar slant: Ycllowish>white, plumose, 
glistening. 

Hroth: Turbid. 

Litmus milk: Not coagulated. 

Potato: No growth. 

Indole not formed. 

Slight production of nitrites from 
nitrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Isolated from cheese. 

5. Vibrio xenopus Schrire and Green¬ 
field. (Trans. Royal Soc. So. Africa, 
/7, 1930, 309.) From Xenopus, a genus 
of African toiids. 

Spiral forms, occurring singly and in 
pairs. Non-motile. Gram-negative. 

Gelatin stab: Slow, cratcriform lique¬ 
faction. 

Agar colonies: Simill, white, glistening, 
slimy, entire. 

Agar slant: Grayish-white, slimy, 
entire. 

Broth: Turbid with flocculcnt sedi¬ 
ment. 

Litmus milk: Unchanged. 

Potato: Not reported. 

Indole is not formed. 

Nitrites are produced slowly from 
nitrates. 

Blood scrum is peptonized. 

Starch is not hydrolyzed. 

Acid from glucose, fructose, maltose, 
glycerol and sorbitol. 

Aerobic, facultative. 

Optimum temperature 37 ^C. 

Source: Found in abscess of pectoral* 
muscle of African toad. 

6. Vibrio .plsclum David. (Cent. f. 
Bakt.,I Abt.,Orig.,/OF, 1927,46.) From 
Latin ptacia, fish. 

Curved rods: 0.3 to 0.5 by 2.0 microns. 
Motile with a single polar flagellum. 
Oram-negative. 


Gelatin colonies: Circular, granular, 
opaque. 

Gelatin stab: Napiform liquefaction. 

Agar colonics: Yellowish, circular, 
smooth, entire, iridescent. 

Agar slant: Light yellow, transparent 
streak. 

Broth: Slight turbidity, with thin 
pellicle. 

Litmus milk: Soft coagulum. Pep¬ 
tonized, alkaline. 

Potato: Brownish-red streak. 

Indole is formed. 

Nitrites not produced from nitrates. 

Hydrogen sulfide formed. 

No action in sugar media. 

Pathogenic for frogs. 

Aerobic, facultative. 

Optimum temperature 18® to 20®C. 

Habitat: Causes epidemic infection in 
fish. 

7. Vibrio proteus Buchner. (Kom- 
mabacillus der cholera nostras, Finkler 
and Prior, Deutsche med. Wochenschr., 
1884, 632; Buchner, Sitzungsber. d. 
Gesel. f. Morph, u. Physiol., MUnchen, 
Heft 1, 1885, 10; Pacinia finkleri Trev- 
isan, Atti d. Accad. Fisio-Medico- 
Statistica in Milano, Ser. 4, 5, 1885, 84;* 
Microspira finkleri Schroeter, in Cohn, 
Krytogamen-Flora von Schlesicn, 5, 1, 
1886, 168; Spirillum finkleri Cixxtkshank, 
Man. of Bact., 3rd ed., 1890, 282*; 3/icro- 
spira protea Chester, Manual of Deter¬ 
minative Bacteriology, 1901, 338; Vibrio 
finkleri Holland, Jour. Bact., 5, 1920, 
225.) From Greek, Prolcua, a marine 
deity who had the power of assuming any 
shape he chose. 

Curved rods: 0.4 to 0.6 by 2,4 microns, 
often pointed at both ends.' Motile, 
possessing a polar flagellum. Gram- 
negative. 

Gelatin colonies: Small, gray, circular, 
granular, entire. 

Gelatin stab: Rapid, saccate lique¬ 
faction. 

Agar slant: Dirty grayish, plumose. 

Broth: Turbid, with fetid o^r. 
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Litmus milk: Slightly acid; coagulated; 
peptonized. 

Potato: Grayish, slimy layer. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30 

Source: Isolated from feces of pa¬ 
tients suffering from cholera nostras. 

Habitat: Intestinal contents in cholera 
nostras and cholera infantum. 

8. Vibrio wolfii (Migula) Bergey et al. 
(BacilliiS choleroides Wolf, Munch, med. 
Wochenschr., 40, 1893, 693; Microspira 
toolfii Migula, Syst. d. Bakt., 1900, 
1001; not Microspira choleroides Migula, 
loc. ciL, 992; Bergey et al., Manual, 1st 
ed., 1923, 80.) Named for Wolf, who 
first isolated this organism. 

Curved rods and S*shaped forms. 
Motile. Gram-negative. 

Gelatin colonies: Small, grayish-white, 
spreading. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar slant: Gray, moist layer. 

Broth: Turbid, with gray pellicle. 

Litmus milk: Acid; coagulated. 

Potato: Yellowish-white layer. 

Blood serum: Rapid liquefaction. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37 ®C. 

Source: Isolated from cervical secre¬ 
tions in chronic endometritis. 

9. Vibrio sputigenus (Migula) Bergey 
et al. (Vibrio aus Sputum, Brix, Hyg. 
Rundschau, 4t 1894, 913; Microspira 
spuftpena Migula, Syst. d. Bakt.,1900, 
981; Bergey et al.. Manual, Ist ed., 1923, 
80.) From Latin, spuo (spuius), spu¬ 
tum; •genes, produced from. 

Slightly curved rods, about the same 
size and form as Vibrio comma, occurring, 
singly, occasionally three or four in a 
chain. Motile. Possessing a polar fiagel- 
Imii. Oiam-negative. 


Gelatin colonies: Small, circular, 
slightly granular, yellowish, becoming 
brownish. 

Gelatin: Crateriform liquefaction. 

Agar slant: Grayish-white, moist. 

Broth: Turbid, no pellicle formed. 

Litmus milk: Acid; coagulated. 

Potato: Thin, gray layer, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Isolated from sputum. 

10. Vibrio liquefaciens (Migula) Ber¬ 
gey et al. (Bonhoff, Arch. f. Hyg., 19, 
1893, 248; Microspira liquefaciens Mi¬ 
gula, Syst. d. Bakt., 2, 1900, 990; Bergey 
et al.. Manual, Ist ed., 1923, 81.) From 
Latin, liquefacio, to make liquid. 

Comma and 8-shaped rods. Motile. 
Gram-negative. 

Gelatin colonics: Circular, with ir¬ 
regular margin, surrounded by a rose- 
colored zone. 

Gelatin stab: Slow, napiform lique¬ 
faction. 

Agar slant: Smooth, grayish, plumose. 

Broth: Turbid, with heavy grayish 
pellicle. 

Litmus milk: Acid; coagulated. 

Potato: Moist, brow’nish layer. 

Indole is not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Habitat: Water. 

11. Vibrio strictus Kutscher. (Ztschr. 
f. Hyg., 19, 1895, 469.) From Latin 
siringo {strictus), constricted. 

Markedly curved rods, of about twice 
the size of Vibrio comma. Motile. 
Gram-negative. 

Gelatin colonies: Small, circular, yel¬ 
lowish, with serrate maiigin. 

Gelatin stab: Slow, napiform to sac¬ 
cate liquefaction. 

Agar slant: Growth plumose, moist. 
Broth: Turbid, with gray peUicls. 
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Litmus milk: Not coagulated. 

Potato: Thin, barely visible layer. 

Blood serum is slowly liquefied. 

Indole is not formed. 

Nitrites not produced from nitrates. 

Pathogenic for guinea pigs. 

Aerobic, facultative. 

Optimum temperature 37 ®C. 

Habitat: Water. 

12. Vibrio aquatilis GUnther. (Deut¬ 
sche med. Wochenschr., 1892, 1124; 
Microspira dqualilis Migula, System der 
Bakterien, 2^ 1900, 993.) From I.iatin, 
aquaticus, living in water. 

Curved rods,, like V’i6rio comma. 
Motile, possessing a polar flagellum. 
Gram-negative. 

Gelatin colonies: Circular, browni.sh, 
finely granular, entire. 

Gelatin stab: Cratcriform liquefaction. 

Agar slant: Moist, grayish, glistening. 

Broth: Slightly turbid. 

Litmus milk: Not coagulated. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Water. 

13. Vibrio neocistes Ciray and Thorn¬ 
ton. (Gray and Thornton, (’cut. f. 
Bakt., II Abt., 73, 192S, 92.) Fix)m 
Greek n^s, new and kiate box or ark. 
Here used as the ccpiivalent of Newark, 
the name of a city in England. 

Curved rods: 0.5 to 1.0 by 1.0 to 4.0 
microns. Motile with one to three 
polar flagella. Gram stain not recorded. 

Gelatin colonics: Liquefied. 

Gelatin stab: Liquefied. Medium red¬ 
dened. 

Agar colonies: Circular or amoeboid, 
buff to brownish, convex, smooth, glis¬ 
tening, entire. 

Agar slant rFiliform, fluorescent, raised, 
smooth, glistening, undulato. 

Broth: Turbid. 

Nitrites not produced from nitrates. 

Starch not hydrolysed. 


Acid from glucose. 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature. 

Habitat: Soil. 

14. Vibrio cuneatus Gray and Thorn¬ 
ton. (Gray and Thornton, Cent. f. Bakt., 
II Abt., 73, 1928, 92.) From Utin, 
cuneo (cuneatus) wedge. 

Curved rods: 1.0 by 1.0 to 3.0 microns, 
the cells tapering at one extremity. 
Motile with one to five polar flagelb. 
Gram-negative. 

Gelatin colonies: Liquefied. 

Gelatin stab: Liquefied. 

Agar colonics: Circular to amoeboid, 
white to buff, flat to convex, smooth, 
translucent, border entire. 

Ag»ar slant: Filiform, whitish, smooth, 
glistening. 

Indole not recorded. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

No acid from carbohydrate media. 

.\ttacks naphthalene. 

.\crobic, facultative. 

Optimum temperature 30® to 35®C. 

Source: One strain isolated from 
.soil from Rothamsted. England. 

Habitat: Soil. 

15. Vibrio granii (Lundestad) Stanier. 
(Bacterium granii Lundestad, Cent. f. 
Bakt., II'Abt., 75, 1928, 330; Achromo- 
hacter granii Bcrgey ct al.. Manual, 3rd 
cd., 1930, 222; Stanier, Jour. Bact., 42, 
1941,538.) Named for Prof. H. H. Gran, 
who first detected agar-liquefying bac¬ 
teria. 

Rods: 0.6 to 0.8 by 1.4 to 2.4 microns, 
with rounded ends, occurring singly, in 
pairs, ivnd at times in short chains. 
Motile. Polar flagellate (Stanier, loe. 
cii.). Gram-negative. 

Fish-gelatin colonies: Punctifonn, 
black, glistening. 

Fish-gelatiii stab: Slow, crateriform 
liquefaction. 

Sea-weed agar coloniea: Circular, flat 
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opaque, glistening, white, slimy, entire. 
Agar is dissolved. 

Fish>agar slant: Flat, white, elevated, 
glistening, undulate. Liquefied. 

Broth: Turbid with grayish-white, 
slimy sediment. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch usually hydrolyzed. 

No action on sugars. 

Aerobic, facultative. 

Optimum temperature 20® to 25 ®C. 

Source: Sea water of Norwegian Coast. 

Habitat: Presumably sea water and 
on sea weeds. 

16. Vibrio leonardii M^talnikov and 
Chorine. (Ann. d. ITnst. Pasteur, 
1928, 1647.) Named for Leonard. 

Curved rods with rounded ends, 0.5 
to 1.0 by 2.0 to 3.0 microns. Motile 
with 1 to 3 polar flagella. Gram-negative. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, transparent, cir¬ 
cular, having a characteristic odor. 

Broth: Turbid, with thin pellicle. 

Litmus milk: No coagulation, acid, 
with reduction of litmus. 

Potato: Slight, Colorless growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Blood serum not liquefied. 

Hydrogen sulfide formed. 

Acid and gas from glucose, fructose, 
galactose, lactose, sucrose and mannitol. 
No acid or gas from maltose or glycerol. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Highly pathogenic for insects 
as Galleria meWmella L. (bee moth), 
and Pyraueia nttbialie Hfibn. (European 
com borer). 

17. Vibrio agarliquefaciens (Gray and 
Chalmers) Bergey et al. {Microepira 
oyar-liquefaeienB Gray and Chalmers, 
Ann. Appl. Biol., li, 1924, 326; Manual, 
4th ed., 1934, 119.) From Latin, lique- 
faeiOf liquefying; Malay, agar, a jelly 
from seaweeds. 

Short eurved rods, usually e-shaped, 


with occasional s-shaped and coccoid 
forms. Cells 2.0 microns long by 0.5 
to 0.7 micron broad; 3.0 to 5.0 microns 
long in division stages. Coccoid forms 
stained, 0.5 to 0.7 micron long. Motile 
with a single polar flagellum. Gram stain 
not reported. 

Gelatin stab: Very slight surface 
growth after one month; the streak then 
shows a beaded line. No liquefaction. 

Agar colonies: Surface colonies appear 
as a whitish growth in a depression, sur¬ 
rounded by a white ring. The colony is 
later surrounded by a ring of liquid agar. 
Deep colonies show a clear area and may 
be irregular, oval or angular. 

Agar slant: A deep groove is cut along 
the inoculation streak, whitish growth 
along sides. The gel is later much weak¬ 
ened. 

Broth: Slightly turbid. No pellicle. 

Acid from glucose, lactose and mal¬ 
tose. No acid from sucrose or glycerine. 

Utilizes ammonia salts as a source of 
nitrogen. 

Decomposes cellulose and agar. The 
presence of one per cent glucose pre¬ 
vents the liquefaction of agar. 

Nitrites produced from nitrates. 

Starch is hydrolyzed. 

Aerobic. 

Temperature relations: Optimum 25® 
C., will grow at 16® but not at 34®C. 

Habitat; Soil. 

18. Vibrio cyclosites Gray and Thorn¬ 
ton. (Gray and Thornton, Cent, fttr 
Bakt., II Abt., 73, 1928, 92.) From 
Greek hykloB, circle or ring; siUd, to eat; 
M. L. cyclositee, feeding on rings, i.e. ring 
compounds. 

Curved rods: 0.5 to 1.0 by 1.6 to 4.0 
microns. Motile with a single polar 
flagellum. Gram-negative. 

Gelatin colonies: Circular, buff to 
brown, flat, smooth, glistening, entire. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular to irregular, 
pale buff (later greenish), smooth, entire. 

Agar stab: Filiform, greenish buff, 
raised, smooth, undulate. 
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Broth: Turbid. 

Indole not reported. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose. 

Attacks phenol and m-cresol. 

Aerobic, facultative. 

Optimum temperature 30® to 36®C. 

Habitat: Soil. 

19. Vibrio percolans Mudd and War¬ 
ren. (Jour, of Bact., 8, 1923, 447.) 
From Latin, percolo (pcrcolatus), filter¬ 
ing. 

Curved rods: 0.3 to 0.4 by 1.6 to 1.8 
microns, occurring singly or in short 
chains. Pleomorphic. Actively motile 
by means of 1 to 3 polar flagella. Gram- 
negative. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, slightly con¬ 
vex, amorphous, entire. 

Agar slant: Bluish-white, glistening, 
streak. 

Broth: Turbid. Pellicle, sediment. 

Litmus milk: Unchanged. 

Potato: White, slimy streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Blood serum not liquefied. 

Starch not hydrolyzed. 

No action on carbohydrates. 

Passes through bacterial filters. 

Aerobic, facultative. 

Optimum temperature 30 ®C, 

Non-pathogenic. 

Source: Isolated from hay infusion. 

Habitat: Water. 

20. Vibrio andoi Aoi and Orikura. 
(Cent. f. Bakt., II Abt., 74, 1928, 331.) 
Named for Andoi, a Japanese scientist. 

Curved rods, with more or less tapering 
ends, c* or s-shaped, 0.6 to 0.8 by 1.6 to 
2.5 microns. Motile, with a single polar 
flagellum. Gram-negative. 

Gelatin: No growth. 

Agar media: No growth. 

Broth: No growth. 

Litmus milk; No growth. 

Potato: No growth. 


Ammonium sulfate agar colonies: 
Punctiform, circular, concave, surrounded 
with clear zone. 

Ammonium sulfate agar slant: Grayish, 
becoming straw-yellow, sinking into the 
medium as the ifk&r liquefies. 

Cellulose media: No grow^tli. 

Starcli hydrolyzed. 

Glucose, fructose, galactose, mannose, 
xylose and **honyak” arc fermented. 

Xylan is dccomixjsed. 

Cellobiosc is decomposed. 

Aerobic, facultative. 

Optimum temperature 26®C. Mini¬ 
mum 8®C. Maximum 37®C. 

Source: Rotted stable manure. 

Habitat: Presumably decomposing or¬ 
ganic matter. 

21. Vibrio fetus Smith and Taylor. 
(Spirillum causing abortion in sheep, 
MacFadyean and Stockman, Rept. Dept. 
Comm. Ministry Agric. c/h Kpizootic 
Abortion, London, 1999, 156; 1913, 

111; Spirillum associated with infectious 
abortion, Smith, Jour. Exp. Med., 28^ 

1918, 701; Smith and Taylor, i6icf., SO, 

1919, 299; Spirillum fetus Ijchmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
552; Vibrio foetus ovis Buxton, First 
Rept. of Director, Univ. Cambridge 
Instit. Animal Pathol., 1929-1930, 47.) 
From Ji, foetus, fetus. 

Curved rods: The smallest forms ap¬ 
pear as minute curved s-shaped lines, 
other forms very long; 0.2 to 0.5 by 1.5 
to 5.0 microns. Motile by means of one, 
rarely two, polar flagella. Occasionally 
forms capsules. Granules present in 
older cultures. Gram-negative. 

Gelatin: No growth. 

Agar slant: No surface growth by 
freshly isolated strains. I^alwratory 
strains produce a scanty, grayish-tvhite, 
glistening surface growth. 

Subsurface agar colonies: Small, 3 rel- 
low, opaque. 

Broth: A viscid ring pellicle may ap¬ 
pear, faint clouding of the medium occurs; 
a filmy, stringy deposit may settle out. 

Litmus milk: No growth 
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Potato: Nogipwth. 

Indole not formc<l. 

Nitrite production not reported. 

Blood serum slant: Feeble growth. 
No liquefaction. 

No gas from carbohydrates. No change 
or slightly acid from glucose, lactose 
and sucrose. 

Optimum temperature 37 ®C. With¬ 
stands 55^0 for 5 minutes. 

Aerobic or microaerophilic. 

Pathogenesis: Causes abortion in cattle. 

Source: Twenty-two strains isolated 
from the placentas or fetuses of cows 
having abortion. 

Habitat: Causes abortion in cattle. 

22. Vibrio pierantonii (Zirpolo) Meiss¬ 
ner. (Bacillus pierantonii Zirpolo, Boll. 
Soc. nat. Napoli, 50, 1918, 206; Meissner, 
Cent. f. Bakt., II Abt., 57, 1926, 200.) 
Named for Pierantoni, an Italian bac¬ 
teriologist. 

Rods:0.5^by 1.5 microns, with rounded 
ends. Motile with one to three polar 
flagella. Gram -negative. 

Gelatin colonics: Circular, and irvegxi- 

larly lobulate. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, light green, 
smooth, entire. 

Glycerin agar slant: Slightly luminous 
streak. 

Broth: Turbid, with pellicle. 

Indole*not formed. 

Acid from glucose and maltose. 
Some strains also attack lactose, sucrose 
and mannitol. 

Best growth in alkaline media. 

Aerobic, facultative. 

Optimum temperature 37 ®C. 

Source: Isolated from the photogenic 
organ of the cephalopod Sepiola inter¬ 
media Naef. 

Appendix:* The following species have 
also been listed in the literature. Many 
are inadequately described. 


Microspira bonfioffii Migula. (Bonhoff, 
Arch. f. Hyg., 19, 1893, 262; Migula, 
Syst. d. Bakt., 5, 1900, 1008.) From 
water. 

Microspira canalis Migula. (Spiril- 
lum saprophiles y and Vibrio saprophUes 
y Weibel, Cent. f. Bakt., 5, 1887, 469; 
Migula, Syst. d. Bakt., 5, 1900, 1004; 
Microspira cloaca Chester, Man. Determ. 
Bact., 1901, 341.) Possibly identical 
\^ith Microspira saprophiles Migula, 
Microspira weibelii Migula, Vibrio surati 
Ford, Vibrio smithii Ford. From sewage. 

Microspira coprophila Migula. (Group 
3, No. 6, Kutscher, Ztschr. f. Hyg., 19, 
1895, 475; Migula, Syst. der Bakt., t, 
1900,986.) From fecal matter. 

Microspira madsei (v. Hoff) Migula. 
(Spirillum maasei v. Hoff, Cent, f. Bakt., 
I Abt., 51, 1897, 797; Migula, Syst. d. 
Bakt., 5, 19(X), 978.) Possibly a variety 
of Vibrio comma Winslow et al. From 
Rotterdam tap water. 

iilicrospira milleri Migula. (Miller, 
Deutsche med. Wchnschr., It, 1885,138; 
Migula, Syst. d. Bakt., 5, 1900, 981; 
Spirillum milleri Holland, Jour. Bact., 5, 
1920, 225; Vibrio milleri Holland, ibid,) 
Probably identical with Vibrio proteus 
according to Migula. From dental caries. 

Microspira murmanensis Issatchenko. 
(Rccherches sur les microbes dc Poc5an 
glacial arctique (in Russian), Petrograd, 
1914, 240.) From sea water. 

Microspira saprophiles Migula. (Heu- 
vibrio P, Weibel, Cent.^f. Bakt., 2, 1887, 
469; Vibrio saprophiles p Weibel, Cent. f. 
Bakt., 4t 1^» 225; Migula, Syst. d. 
Bakt., 5, 1900, 1006; Microspira weibeli 
Chester, Man. Determ. Bact., 1901, 230.) 
Probably identical with Microspira cloaca 
Chester and Vibrio surati Ford. From 
sewage. 

Microspira lyrosinatica Beijeriiick. 
(Kon. AJead. Wctenschappen, Amster¬ 
dam, IS, 1911, 1068.) From sewage. 
Microspira weibelii Migula. (Vibrio 


* Prepared by Mr. Wm. C. Haynes, New York State Experiment Station, Genova, 
New York, Jan., 1939; Revised by Capt. Wni. C. Haynes, Sn. C., Fort Bliss, Texas, 
July, 1943. 
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Baprophilea a Weibel, Cent. f. Bakt., 
1887, 465; ibid,, i, 1888, 225; Migula, 
Syst. d. Bakt., 2, 1900, 1005; Microspira 
aaprophile Chostor, Manual Determ. 
Bact., 1901,341; Vibrio sapr op hi lea Ford, 
Textb. of Bakt., 1927, 356.) Possibly 
identical with Microspira cloaca Chesicr, 
Vibrio aurati Ford, Vibrio amiihii Ford. 
From sewage. 

Spirillum lipofcrum Beijerinck. 
(Cent. f. Bakt., II Abt., 6S, 1925, 353; 
Chromatinm lipoferum Hergey et al., 
Manual, 3rd cd , 1930, 531.) From 
garden earth and sewage. Ciesberger 
(Beitnigc zur Konntnis dcr Gattung 
Spirillum Khhg., Inaiig. Diss., Delft, 
1936, 64) reganla this organism as a 
Vibrio. Has a single polar flagellum. 

Spirillum nuaicola Trovisan. (\ascn- 
schlcimvibrio. Weibel, Cent. f. Bakt., 
2, 1887 , 465; Trovisan, I generi c le 
specie delle Batteriacee, 1889, 24; Vibrio 
naaalia Ei.seiiberg, Bakt. Diag., 3 Aufl., 
1891, 213; Spirillum naaale Sternberg, 
Man. of Bact., 1893, 697; Spiroaoma 
naaale Migula, in Engler and Prantl, 
Die natOrl. Pflanzenfam., /, 1 a, 1805. 
31.) From human nasal niueus. 

Spirillum parvum Ksmarch. (Cent. f. 
Bakt., I Abt., Grig., 32, 1902, 565; also 
sec Zettnow, ibid., 78, 1916, 1; Vibrio 
parvus Lehmann and Neumann. Bakt. 
Diag., 4 Aufl., 2, 1907, 494.) From de¬ 
caying organic matter. 

Vibrio albenaia Lehmann and Neu¬ 
mann. (Elbe vibrio, Dunbar, Deutsch. 
raed. Wochnschr., 19, 1893, 799; I^eh- 
roannand Neumann, Bakt. Diag., 1 Aufl., 
2, 1896, 340; Microspira dunbari Migula, 
Syst. d. Bakt., 2, 1900, 1013; Photospiril¬ 
lum dunbari Miquel and Cambier, Traite 
de Bact., Paris, 1902,881; Photobacterium 
dunbari Ford, Textb. of Bakt., 1927,621.) 
From water of the river Elbe. Phos¬ 
phorescent. 

Vibrio amylocella Gray. (Canad. Jour. 
Res., 17, 1939, 154.) Decomposes cel¬ 
lulose. Produces glucose from starch. 
From soil. 

Vibrio anguillaruru Bergman. (Bcr. a. 
d. k. Bayr. Biolog. Versuchstat., Mtln- 


chen, 2, 1909.) From an infectious dis¬ 
ease of cels. 

Vibrio aurexta Weibel. (Weibel, Cent, 
f. Bakt., 4, 1888, 225, 257, 281; Spirillum 
aureum Trovisan, I generi e le specie 
delle Batteriacee, 1889, 24; Spirillum 
aurexim Sternberg, Man. of Bact., 1893, 
700; Spiroaoma aureum Migula, Syst. d. 
Bakt., 2, 1900, 958.) Possibly identical 
with Vibrio flavua Weibel and Vibrio 
flaveacena Weibel. From sewage. 

Vibrio beijerinckii Stanier. (Jour. 
Bact., 42 , 1941, 527-554.) Marine agar- 
digesting vibrio. 

ri6rio buccalis Prevot. (V’^ibrion B, 
Repaci, Compt. rend. Soc. Biol., Paris, 
1909, 6.30; Pr6vot, Man. de Classif. des 
Bact. Ana6r., Paris, 1940,82.) Anaerobe. 
From the buccal cavity. 

Vibrio bxdboaa Kalnins. (Latvijas 
Universitates Raksti, Serija I, No. 11, 
1930,237.) Decomposes cellulose. From 
soil. 

Vibrio cardu'-Klein. (Cent. f. Bakt., 
I Abt., Grig., 38, 1905, 173.) Possibly 
identical with Vibrio cuneaiua Gray and 
Thornton an«l Vibrio marinua Ford. 
From the mussel (Cardium edule). 

Vibrio castra Ivilnins. (Latvijas (Jni- 
versitfttes Raksti, Serija I, No. 11, 1930, 
241.) Decomposes cellulose. From soil. 

Vibriit choleroidea a and 2 Bujwid. 
(Cent. f. Bakt., 13, 1893, V20; Microspira 
choleroidea Migula, Syst. d. Bakt., 2 , 
1900, 992.) Probably a less vigorous 
strain of Vibrio comma Winslow et al. 
according to Chester, Man. Determ. 
Bact., 1901, 337. From water. 

Vibrio chnjaanthcmoides Lehmann and 
Neumann. (Spirillum-] ike organism, 
Jones. Cent. f. Bakt., II Abt.. /J, 1904, 
459; lichmann and Neumann, Bakt. 
Diag., 4 Aufl,, 2, 1907, 493.) From five 
samples of tap water and sewage. 

crasaua (Veillon and Repaci) 
Pr4vot. {Spirillum crassum Veillon and 
Repaci, Ann. Inst. Past., 26, 1912, 306; 
Pr6vot, Man. de Classif. des Bact. Ana^r., 
Paris, 1940, 85.) Anaerobe. From the 
buccal cavity. 

Fthrto ertuaua var. D, Pr6vot. (Spirille 
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D, Repaci, Ann. Inst. Past., 26, 1912, 
550; Pr5vot, Man. de Classif. des Bact. 
Ana5r., Paris, 1040, 86.) Anaerobe. 
From the buccal cavity. 

Ft6rio crasieri Hauduroy et al. 
(Craster, in Violle, Le Cholera, Masson 
5dit., 1919; Hauduroy ct al., Diet. d. 
Bact. Path., 1937, 541.) Isolated from 
healthy persons. Resembles Ft&rio 
comma. 

Vibrio cueumis KalninS. (Latvijas 
OniversitEtes Raksti, Serija I, No. 11, 
1930,243.) Decomposes cellulose. From 
soil. 

Vibrio devorans Beijerinck. (Cent. f. 
Bakt., II Abt., 11, 1903, 598.) From 
water. 

Vibrio drennani Chalmers and Water- 
field. (Drennan, Jour. Inf. Dis., i4, 
1914, 251; Chalmers and Waterfield, 
Jour. Trop. Med., 19, 1916, 165.) Colon¬ 
ies white, turning dark brown. From 
feces. 

Vibrio flaveacens Weibel. (Cent. f. 
Bakt., 4, 1888, 225, 257, 281; Spirillum 
flaveacens Trevisan, I generi e le specie 
delle Batteriacee, 1889, 24; Spirillum 
flaveacens Sternberg, Man. of Bact., 1893, 
7iXl;Spiroaomafl<we8ce7i8Migu\&, Syst. d. 
Bakt., 2, 1900, 959.) Possibly identical 
with Vibrio aureus Weibel and Vibrio 
flaws Weibel. From sewage. 

Vibrio flavus Weibel. (Cent. f. Bakt., 
4, 1888, 225, 257, 281; Spirillum flavum 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1889, 24; Spirillum flavum 
Sternberg, Man. of Bact., 1893, 700; 
Spirosoma flavum Migula, Syst. d. Bakt., 
2, 1900, 959.) Possibly identical with 
Vibrio aureus Weibel and Vibrio flaves- 
eens Weibel. From sewage. 

Vibrio fuscus Stanier. (Jour. Bact., 
45, 1941, 540.) Marine agar-digesting 
vibrio. 

Vibrio gauducheau Hauduroy et al. 
(Gauducheau, in Violle, Le Cholera, 
Masson 5dit., 1919; Hauduroy et al., 
Diet. d. Bact., 1937, 543.) From the 
blood of a fever patient. Resembles 
Vibrio comma. 

Vibrio ghinda Pfeiffer. (Pasquale, 


Gior. med. d. r. esercito, 1891; Pfeiffer, 
in FlOgge, Die Mikrodrganismen, 2, 1896, 
590; Microapira ghinda Migula, Syst. d. 
Bakt., 2, 1900, 996.) From water. 

Vibrio groaaua (Migula) Ford. (Vibrio 
No. 1, Kutscher, Ztschr. f. Hyg., 20, 
1895, 46; Microapira groaaa Migula, Syst. 
d. Bakt., 2, 1900, 1012; Ford, Textb. of 
Bact., 1927, 343.) From liquid manure. 

Vibrio halobicua deaulfuricana Horo- 
witz-Wlassowa and Sonntag. (Arb. a. 
d. Staatl. wissensch. Nahrungsmittel- 
Institut 1931 (Russian); see Ztschr. f. 
Unters. d. Lebensm., 62, 1931, 597.) A 
halophilic vibrio found in salted sar¬ 
dines, anchovies and other marine fish. 

Vibrio helcogenea Fischer. (Cent. f. 
Bakt., 14, 1894, 73; Microapira helcogenea 
Migula, Syst. d. Bakt., 2, 1900, 978.) 
From descriptions, indistinguishable 
from Vibrio proieua according to Chester, 
Man. Determ. Bact., 1901, 339. From 
feces. 

Vibrio hyoa Ford. (Vibrio No. 3, 
Kutscher, Ztschr. f. Hyg., 20, 1895, 46; 
Spirillum mobile Migula, Syst. d. Bakt., 
2, 1900,1020; Ford, Textb. of Bact., 1927, 
342.) Isolated from liquid manure. 

Vibrio inera Besson, Ranqueand Senes. 
(Compt. rend. Soc. Biol. Paris, 79, 1918, 
1097.) From the feces of persons having 
dysentery. 

Vibrio inter medius (Migula) Ford. 
(Group V, No. 9 of cholera-like vibrios, 
Kutscher, Ztschr. f. Hyg., 20, 1895, 481; 
Microapira intermedia Migula, Syst. d. 
Bakt., 2, 1900,967; Ford, Textb. of Bact., 
1927,342.) Possibly identical with Vib¬ 
rio berolinensis Neisser. From water. 

Vibrio ivanoff Pfeiffer. (Ivanoff, 
Ztschr. f. Hyg., 16, 1893, 134; Pfeiffer, 
in Fltkgge, Die Mikrodrganismen, 2, 1896, 
592.) Probably a variety of Vibrio 
comma Winslow et al. according to 
Chester, Man. Determ. Bact., 1901, 337. 
From fec^ of a cholera patient. 

Vibrio jejuni Jones, Orcutt and Little. 
(Jour. Exp. Med., 63, 1931, 853.) From 
small intestine of calves suffering from 
diarrhea. 

Vibrio kegaltensis Hauduroy et al. 
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(Diet. d. Bact. Path., 1937 , 644.) From 
water. 

Vibrio klimenko Hauduroy et al. 
(Klimenko, in Violle, Lc Cholera, Masson 
6dit., 1919; Hauduroy ct al.. Diet. d. 
Bact. Path., 1937, 544.) Resembles 

Vibrio comma. From the intestine. 

Vibrio leidenaia Horst. (Inaug. Diss., 
Leiden, 1921; abst. in Cent. f. Bakt., I 
Abt., Ref., 75, 1922, 282.) From a liver 
abscess. 

*Vibrio lingualia Eisenberg. (Zungen- 
belag-Vibrio, Weibcl, Cent. f. Bakt., 4. 
1888, 227; Eisenberg, Bakt. Diag., 3 Aufl., 
1891, 212; Spirillum linguae Sternberg, 
.Man. of Bact., 1893, 697; Spiroaoma ftn- 
guale Migula, in F^ngler and Prantl, Die 
natiirl. PHanzenfam., /, 1 a, 1895, 31.) 
From deposit on the tongue. 

Vibrio liaanbonenaia Pcstana-Betten" 
court. (Cent. f. Bakt., 16, 1804 , 401.) 
According to Chantemesse identical, or 
nearly so, with Vihrw prnieva. From 
descriptions, indistinguishable from Vib~ 
rio proleua according to Chester, Man. 
Determ. Bact., 1901, 339. From feces 
of a cholera patient. 

Vibrio malamoria IvalninS. (Ditvijas 
Oniversitfites Baksti, Scrija I, No. 11, 
■.9.30,250.) Docomixjses cellulose. From 
soil. 

Vibrio marinua (Russell) Ford. 
(Spirillum marinum Russell, Ztschr. f. 
Hyg., II, 1891, 165; Microapira marina 
Migula, Syst. d. Bakt., 5, 1900, 1002; 
Ford, Textb. of Bact., 1927, 347.) From 
8<*a water. Closely resembles Vibrio 
cuncatua Cray and Thornton and Vibrio 
cardII Klein. 

Vibrio maaaauah Pfeiffer. (Pasquale, 
Oior. med. d. r. esercito, 1891; Pasquale, 
Baumgarten’s Jahresberichte,7,1891,336; 
Pfeiffer, in FlUgge, Die Mikiwiiganismen, 
5,1896,589; Microapira maaaauak Migula, 
Syst. d. Bakt., f, 1900, 963; Spirillum 
maaaauah Chester, Manual Determ, 
liaet., 1901, 343; Spirillum masaotvah 
Holland, Jour. Bact., 5, 1920, 225; V^ibrio 
maaaowah Holland, ibid.) From feces 
of a cholera patient. 


Vibrio mulieria Pr5vot. (Man. de 
Classif. des Bact. Ana6r,, Paris, 1940,84.) 
Anaerobe. From the female genital tract. 

Vibrio napi Kalni^S. (Latvijas Oni- 
vcrsitHtes Raksti, Serija I, No. 11, 1930, 
252.) Decompeses cellulose. From soil. 

Vibrio n'dianka Hauduroy et al. 
(Thiroux, in Violle, Le Cholera, Masson 
Mit., 1919; Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 546.) Isolated from a 
patient having a cholera-like disease. 

Vibrio pericoma Kalnins. (Ijatvijas 
Onivcrsitiltes Raksti, Serija I, No. 11, 
1930,256.) Decomposes cellulose. From 
soil. 

Vibrio polymorphua Pr4vot. (Spiro* 
chete B, Repaci, Ann. Inst. Past., 55, 
1912, 544; Vibrio paeudoapirochaela B, 
Weinberg, Xativoile and Pr^vot, Les 
Microbes Ana^robics, 1936, 852; Prdvot, 
Man. de Classif. des Bact. Ana^r., Paris, 
1940, 83.) Anaerobe. From the buccal 
cavity. 

Vibrio polymorphua var. peritriche 
Pr6vot. (Spirochete C, Repaci, Ann. 
Inst. Pjist., 55, 1912, 548; rt6rfo paeudo- 
apirochaeta C, Weinberg, Nativelle and 
Pr^vot, Les Microbes .Anadrobies, 1936, 
854; Pr^vot, Man. de Classif. des Bact. 
Anaf‘r., Paris, 1940, 84.) Anaerobe. 
From the buccal cavity. 

Vibrio portuensia (Migula) Ford, (Der 
portuenser Vibrio, Jorge, Cent. f. Bakt., 
I Abt., 19, 1896, 277; Microapira portuen- 
aia Migula^ Syst. d. liakt., 5, 1900, 1007; 
Ford, Textb. of Bact., 1927, 353.) From 
water. 

V’i6rio prima Kalnin§. (Ijatvijas Cni* 
versitHtes Raksti, Serija I, No. 11, 1930, 
235.) Decomposes cellulose. From soil. 

Vibrio paeudoapirochaela Pr6vot. 
(Spirochete A, Repaci, Ann. Inst. Past., 
55,1912,539; Vibrio paeudoapirochaela A ^ 
Weinberg, Nativelle and Pr6vot, Les 
Microbes Ana6robies, 1936, 849; Pr6vot, 
Man. de Classif. des Bact. .\na6r., Paris, 
1940, 83.) Anaerobe. From the buccal 
cavity. 

Vibrio pulridua Pr^vot. (Vibrion Cr 
Repaci, Compt. rend. Soc. Biol. Paris, 


See Nocardia lingualia Chalmers and Christopherson. 
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1909, 630; Pr^vot, Man. de Classif. des 
Bact.Aiia6r., F^ris, 1940,83.) Anaerobe. 
From the buccal cavity. 

Vibrio pyogenes (Doerr) Lehmann and 
Neumann. (Eiterspirillum, Mezinescu, 
Cent. f. Bakt., I Abt., Orig., 35, 1904, 
201; Spirillum pyogenes Doerr, Cent. f. 
Bakt., I Abt., Orig., 33, 1905, 15; Leh¬ 
mann and Neumann, Bakt. Diag., 4 
Aufl., 3, 1907, 493.) From pus in a case 
of pyelitis calculosa. Non-motile. 

Ftbrio ranictda Kalnins. (Latvijas 
Oniversit&tes Raksti, Serija I, No. 11, 
1930,248.) Decomposes cellulose. From 
soil. 

Vibrio rigensis Kalnin§. (Latvijas 
tTniversit&tes Raksti, Serija I, No. 11, 
1930,254.) Decomposes cellulose. From 
soil. 

Vibrio ruhicundus Gottron et al. 
(Gottron, Weaver and Sherago, Jour. 
]^ct., J3, 1942, 61.) From a trickling 
filter. 

Vibrio septicus Kolle. (Kolle and 
SchOmann in Kolle and Wassermann, 
Handb. d. path. Mikroorg., 2 Aufl., 4t 
1912,101.) Identical with Vibrio comma 
culturally and morphologically. From 
a cholera-like disease. 

Vibrio smiihii (Migula) Ford. (Smi t h, 
Cent. f. Bakt., 10,1891, 177; Microspira 
smiihii Migula, Syst. d. Bakt., 3, 1900, 
1006; Ford, Textb. of Bact., 1927, 340.) 
Possibly identical with Microspira sapro- 
phUes Migula, Microspira weibelii Mr- 
gula, Microspira cloaca Chester, and 
Vibrio surati Ford. From abscesses of 
large intestine of swine. 

Vibrio spermatozoides Ldffler. (Cent, 
f. Bakt., 7, 1890, 638.) From kohlrabi 
infumoos. 

Vibrio sputigenus (Miller) Pr5vot. 
{Spirillum sptUigenum Miller, Die Mikro- 
oig. d. Mundhdhle, 2nd ed., 1892; Pr5vot, 
Man. de Classif. des Bact. Ana5r., Paris, 
1940, 86; not Vibrio sputigenus Bergey 
et al., Manual, Ist ed.; 1923, 80.) An¬ 
aerobe. From the buccal cavity. 

Vibrio sputigenus var. minuiissimus 
Pr6vot. (Muhlens, Cent. f. Bakt., I 


Abt., 48, 1909, 523; Pr6vot, Man. de 
Classif. des Bact. Ana4r., Paris, 1940,86.) 
Anaerobe. From the buccal cavity. 

Vibrio sputorum Pr6vot. (Man. de 
Classif. des Bact. Ana6r., Paris, 1940,86.) 
Anaerobe. Isolated from a case of 
bronchitis. 

Vibrio stationis Kalni^§. (Latvijas 
0niversit6tes Raksti, Serija I, No. 11, 
1930,239.) Decomposes cellulose. From 
soil. 

Vibrio stomatitis Pr6vot. (Vibrion A, 
Repaci, Compt. rend. Soc. Biol. Paris, 
1909, 630; Pr6vot, Man. de Classif. des 
Bact. Ana6r., Paris, 1940,82.) Anaerobe. 
From the buccal cavity. 

Vibrio subtilissimus (Migula) Ford. 
(Spirillum No. 1, Kutscher, Ztschr. f. 
Hyg., 30, 1895, 46; Spirillum tenerrimum 
Lehmann and Neuman, Bakt. Diag., 3, 
1896,346; Spirillum suhhiissmum Migula, 
Syst. d. Bakt., 3,1900,1020; Ford, Textb. 
of Bact., 1927, 341.) Regarded by 
Kutscher as being probably identical 
with the organism found by Smith (Cent, 
f. Bakt., 16, 1894, 324) in swine dung. 
Resembles Vibrio strictus. 

Vibrio suis Ford. (Vibrio No. 2, 
Kutscher, Ztschr. f. Hyg., 30, 1895, 46; 
Spirillum coprophilum Migula, Syst. d. 
Bakt., 3, 1900, 1019; not Microspira 
coprophila Migula, loc. ciL, 986; Ford, 
Textb. of Bact., 19^, 341.) From liquid 
manure. 

Vibrio surati (Lamb and Paton) Ford. 
(Spirillum surati Lamb and Paton, Arch. 
Int. Med., It, 1913, 259; Treponema 
surati Brumpt, Nouveau Trait6 de 
M5decine, Paris, 4t 1222, 514; Ford, 
Textb. of Bact., 1927, 337.) Isolated 
from a case of vegetative endocarditis. 
Closely resembles Vibrio smithii Ford, 
Microspira weibelii Migula, Microspira 
saprophiles Migula and Microspira eloaea 
Chester. 

Vibrio synthetiea KalnipS. (Latvijas 
dniversit&tes Raksti, Serija I, No. 11, 
1930,246.) Decomposes cellulose. From 
soil. 

Vibrio tenuis Vmllon and Repaci. 
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(Ann. Inst. Past., $6, 1912, 300.) An¬ 
aerobe. From the buccal cavity. 

Ff6rto terrigenuB GOnther. (Cent. f. 
Bakt., 16, 1804, 746; Spirillum terri- 
genum Migula, 8yst. d. Bakt., f, 1600, 
1017; Microspira terrigena Chester, Man. 
Determ. Bact., 1901, 341.) Closely re¬ 
lated to V't^rto lonBillaria Stephens and 
Smith. From soil. 

Vibrio tonsillariB Stephens and Smith. 
(Cent. f. Bakt., 19, 1896, 920; Microspira 
tonsillaris Migula, Syst. d. Bakt., 2, 


1900, 1009.) Closely related to Vibrio 
terrigenus GOnther. From buccal cavity. 

Vibrio toulonensis Hauduroy et al. 
(Vibrion, Defressine and Cazeneuve, in 
Violle, Le Chol6ra, Masson 6dit., 1919; 
Hauduroy et al.,* Diet. d. Bact. Path., 
1037, 547.) From mussel beds in the 
bay of Toulon. 

Vibrio xylilica Kalnins. (Latvijas 
"Oniversitrites Raksti, Serija I, No. 11, 
1930,232.) Decomposes cellulose. From 
soil. 


Genus II, Desulfovibrio Kluyver and van Niel,* 

(Cent. f. Bakt., II Abt., 94,1936, 369; Sporovxbrio Starkey, Arch. f. Mikrobiol., 9, 
1938, 300.) From M. L. desulfo, an abbreviation of the poorly constructed word 
deifulfofication, used to iSdicate reduction of sulfur compounds by bacteria; 

vibrio, vibrio. 

Slightly curved rods of variable length, usually occurring singly but sometimes in 
short chains which have the appearance of spirilla. Swollen pleomorphic forms are 
common. Actively motile by means of a single polar flagellum. Strict anaerobes 
which reduce sulfates to hydrogen sulfide. Found in sea water, marine mud, fresh 
water, and soil. 

The type species is Desulfovibrio desulfuricana (Bcijerinck) Kluj^vcrand van Niel. 


1. Desulfovibrio desulfuricans 
(Beijcrinck) Kluyver and van Niel. 
{Bacterium hydrosulfur eum ponticum 
Zelinsky, Proc. Russ. Phys. and Chem. 
Soc., 26, 1893, 298; Spirillum desul¬ 
furicans Beijerinck, Cent. f. Bakt., II 
Abt., 1, 1895, 1; Bacillus dcsxdfuricans 
Saltet, Cent. f. Bakt., II Abt., 6, 1900, 
648; Microspira desulfuricans Migula, 
Syst. d. Bakt., 2, 1900, 1016; Kluyver 
and van Niel, Cent. f. Bakt., II Abt., 
94, 1936, 369; Vibrio desulfuricans 
Holland, Jour. Bact., 5, 1920, 225; Sporo- 
vibrio desulfuricans Starkey, Koninkl. 
Nederland. Akad. v. Wetenschuppen. 
Proc., 41, 1938, 425; also in Arch. f. 
Microbiol., P, 1938, 268.) From M. L. 
present part, desulfurico, .*!a1fur re¬ 
ducing. 

Slightly curved rods, 0.5 to 1.0 by 1 to 5 
microns, usually occurring singly but 
sometimes in pairs and short chains 


which cause them to look like spirilla. 
Swollen pleomorphic forms are common. 
Older cells appear black due to precipi¬ 
tated ferric sulfide. Actively motile, 
possessing a polar flagellum. Gram- 
negative. Stains readily with carbol 
fuchsin. 

Grow’s best in freshw’atcr media. 
Fails to develop in sea water upon initial 
isolation. 

Produces opalescc'nt turbidity in ab¬ 
sence of oxygon in mineral media enriched 
with sulfate and peptone. 

Media containing iron salts blackened. 
Bacteria found associated with pre¬ 
cipitated ferrous sulfide. 

Pcptonc-glucosc agar colonics (in 
absence of air): Small, circular, slightly 
raised, dull, entire, soft in consistency. 

Gelatin not liquefied. 

Peptone, asparagine, glycine, alanine, 
aspartic acid, ethanol, propanol, butanol. 


* Prepared by Dr. Claude E. ZoBell, Scripps Institution of Occanogiaphy, La 
Jolla, Caltfomia, Jan., 1943. 
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glyoerol, glucose, lactate, succinate and 
malate known to be utilised as hydrogen 
donors. 

Produces up to 500 ml. HsS per liter. 

Nitrites not produced from nitrates. 

Reduces sulfate to hydrogen sulfide. 
Also reduces sulfites, sulfur, thiosulfates 
and hyposulfites. 

Optimum pH 6 to 7.5, limits pH 5 to 9. 

Optimum temperai^ure 25 to 30* C. 
Maximum 35 to 40* C. 

Anaerobic. 

Habitat: Soil, sewage, water. 

2. Desulfovlbrlo aestuarii (van 
Delden) comb, nov. (Microspira 
aestuarii van Delden, Cent. f. Bakt., II 
Abt., If, 1904, 81; Vibrio desulfuricans 
(halophilic strain) Baars, Over Sulfaat- 
reductie ck)or Bakterien, Diss. Delft, 
1030, 164 pp.) From Latin, aestuariunit 
estuary. 

Morphologically indistinguishable from 
Desulfovibrio desulfuricans described 
above, although it has a greater tendency 
to pleomorphism, and is slightly larger. 
Motile, possessing a polar fiageilum. 
Oram-negative. 

Grows preferentially in media prepared 
with sea water or 3 per cent salt mineral 
solution enriched with sulfate and 
peptone. According to Baars {loc. cit,) 
the marine species can be acclimatized to 
tolerate hypotonic salt solutions but 
Rittenberg (Studies on Marine Sulphate- 
Redttckg l^teria, Thesis, Univ. of 
CSalif;jj)^l, 115 pp.) was unable to con- 
fifhrltKb observation. Likewise Ritten- 
bOijl wag unable to acclimatize D. aes- 
iuarii to tolerate temperatures exceeding 
45* C or to produce endoepores. 

Produces faint turbidity in absence of 
oxygen in sea water enriched with sulfate 
and peptone. Oiganisms most abundant 
in aliment. 

Agar colonies: Small, circular, slightly 
raised, darker centers, entire, soft 
eonmstency. 

Gelatin not liquefied. 

Peptone, asparagine, glycine, alanine, 
^ttcose, fructose, ethsml, butanoic 


glycerol, acetate, lactate and malate 
known to be utilized in presence of 
sulfate. 

Reduces sulfate to hydrogen sulfide. 
Also reduces sulfites, sulfur, thiosulfates 
and hyposulfites. 

Produces up to 950 ml. HfS per liter. 

Nitrites not produced from nitrates. 

Optimum temperature 25* to 30* C. 
Maximum 35® to 40* C. 

Optimum pH 6 to 8, limits pH 5.5 to 
8.5. 

Anaerobic. 

Habitat: Sea water, marine mud, brine 
and oil wells. 

3. Desulfovibrlo rubentschlckii 
(Baars) comb, nov. (Vibrio rubent- 
schickii Baars, Over Sulfaatreductie 
door Bakterien, Diss. Delft, 1930, 164 
pp.) Named for L. Rubentschick. 

Slightly curved rods, 0.5 to 1.0 by 
1 to 5 microns, usually occurring singly, 
sometimes in pairs and short chains. 
Actively motile, possessing a polar 
flagellum. Gram-negative. Morpho¬ 
logically indistinguishable from DesuU 
fovtbrio desulfuricans. 

Reduces sulfate to hydrogen sulfide. 
Also reduces sulfites, sulfur, thiosulfates 
and hyposulfites. 

Culturally and physiologically like 
D. desulfuricans except that D. rubent- 
schickii utilizes propionic acid, butyric 
acid, valeric acid, palmitic acid, stearic 
acid, galactose, sucrose, lactose and 
maltose. 

Anaerobic. 

Habitat: Soil and ditch water. 

Appendix: The following species has 
also been regarded as belonging in this 
genus. 

Vibrio thermodesulfyricans Elion. 
(Cent. f. Bakt., II Abt., 55, 1924, 58) { 
Vibrio desulfuricans (thermophilic 
strain) Baars, Over Sulfaatreductie door 
Bakterien, Diss. Delft, 1930, 164 pp.; 
Sporopibrio desulfuricans Starkey (Ko- 
ninkl. Nederland. Akad. u. Wetenschap- 
pen, Proc., ^f, 1038,425, also see Areh. f. 
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Microbiol., P, 1938,268.) A thermophilic 
sulfate-reducing anaerobe which grows at 
30 to 65'*C. and which, according to 
Starkey, produces cndospores. Elion 
described ViBrio therrnodesulfvricans 
(Cent. £. Bakt., II Abt., P5, 1924, 68) 
which grows at temperatures no lower 
than 30 to 40°C. and has an optimum of 
55®C. Morphologically it is much like 
Deaulfovibrio desulfuricans and Z>. oes- 
tuarii although the thermophilic form is 
shorter, more rod-like, less motile and 
more pleomorphic. According to Baars 
(foe. cit.), Vibrio thermodesulfuricans 
Elion can be acclimatized to grow at 
lower temperatures and it is found 
abundantly in environments where the 
temperature has never been as high as 
30°C. This observation is confirmed by 
Starkey {Arch. f. Microbiol., P, 1938, 
268) who found further that the thermo¬ 
philic form found in nature or developed 
by acclimatization to higher temperatures 


produces .endospores. However, spore- 
formation appears to be the exception 
rather than the rule. The pleomorphic, 
peritrichous, sporogenous, sulfate- 
reducer is more rod-like than the asporo- 
genous cultures and many cells of the 
sporogenous cultures are Gram-positive 
w'hereas asporogenous cultures of DesuU 
fovibrio desulfuricam are Gram-negative, 
all of which leaves a question whether the 
sporogenous sulfate-reducer is a Bacillus 
or a Desulfovibrio, Rittenberg (Studies 
on Marine Sulfate-reducing Bacteria, 
Thesis, Univ. Calif., 1941, 115 pp.) was 
unable to adapt the paarine sulfate re¬ 
ducer to grow at low' salinities or at high 
temperatures, nor could it be induced 
to form spores. 

Desulfovibrio halohydrocarbonoclasii- 
cus Zo^ll (U. S. Patent No. 2,413,278; 
Science News Letter, Jan. 11, 1947.) 
From oil bearing rocks. 


Genus III, Cellvlbrlo Winogradsky * 

(Ann. Inst. Pasteur, 45, 1929, 577.) From M. L. cell, an abbreviation for cellulose; 

vibriof vibrio. 

Long slender rods, slightly curved, wdth rounded ends, show deeply staining gran¬ 
ules w'hich appear to be concerned in reproduction. Monotrichous. Most species 
produce a yellow or brow'n pigment with cellulose. Oxidize cellulose, forming oxy- 
cellulosc. Growth on ordinary culture media is feeble. Found in soil. 

The type species is Cellvibrio ochraceus Winogradsky. 


Key to the-species of genus Cellvibrio. 


I. No growth on glucose or starch agar. 

A. Ochre-yellow pigment produced on filter paper. 

1. Cellvibrio ochraceus. 


II. Growth on glucose and starch agar. 

A. Poor growth on starch agar. 

1. Cream-colored pigment which becomes brown with age is produced on 
filter paper 


2. Cellvibrio flavescens, 

B. Abundant grow'th on starch agar. 

1. Scanty growth on glucose agar. 

a. Intense yellow pigment produced on filter paper. 

3. Cellvibriofulvus, 

2. Abundant growth on glucose agar. 

a. No pigment produced on filter paper. 

4. Cellvibrio vulgaris. 


^ Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, Sept., 1937; no change, July, 1948. 
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1. CellTibrlo ochraceus Winogradsky. 
(Ann. Inst. Pasteur, 4^, 1929, 549, 601.) 
From Greek, dc^ra, yellow ochre; M. L. 
like ochre, yellow. 

Plump, curved rods with rounded 
ends, 2.0 to 4.0 microns long, rarely 
occurring as spirals. Chromatic granule 
frequently found in center. Motile 
with a single flagellum. Gram-negative. 

Produces diffuse, light ochre-colored, 
mucilaginous colonies on cellulose silica 
gel medium. 

No action or growth on plain agar. 
No growth on peptone, glucose, starch 
or tragacanth gum agar. 

Filter paper stfeaks: Entire paper 
colored ochre-yellow in 48 hrs. 

Aerobic, facultative. 

Optimum temperature 20 ^C. 
Distinctive character: Rapid ochre- 
colored growth. 

Habitat: Soil. Disintegrates vegetable 
fibers 

2. Cellvlbrlo flavescens Winogradsky. 
(Ann. Inst. Pasteur, 45,1929,608.) From 
Latin, part. adj. of flavesco, to turn yel¬ 
low or golden. 

Plump, curved rods, flexuous, with 
rounded ends, 0.5 by 2.5 to 5.0 microns. 
Shows metachromatic granules. Motile 
with a single flagellum. Gram-negative. 

Produces diffuse, cream-colored growth 
becoming brownish; mucilaginous colo¬ 
nies on cellulose silica gel medium. 

Good growth on peptone agar. Ck)lo- 
nies 1 mm in 4 days. Grows poorly on 
glucose, starch and gum agars. 

Filter paper streaks : Almost as rapid 
in growth as Cellvibrio ochraceus and 
colors entire paper in 2 to 3 days. 
Aerobic, facultative. 

Optimum temperature 20^C. 
Distinctive characters: Smaller, less 
curved rods that grow on a greater 
variety of media than Cellvibrio ochra- 
ceuM, but do not attack cellulose as 
readily. 

Source: Isolated from a pile of old 
damp sawdust. 


Habitat: Soil. Disintegrates vegetable 
fibers. 

3. Cellvibrio fulvus Stapp and Bortels. 
(Culture Y, Dubos, Jour. Bact., 15, 
1928, 230; Stapp and Bortels, Cent. f. 
Bakt., II Abt., 90, 1934, 42.) From 
Latin, fulvus, reddish yellow. 

Slightly curved rods: 0.3 to 0.4 by 
1.5 to 3.0 microns. Show involution 
forms. Motile by means of a single polar 
flagellum. Gram-negative. 

Cellulose is decomposed. Grows on 
filter paper with an intense egg-yellow 
color which in older cultures may deepen 
to rust brown. 

Glucose agar: Very scanty growth. 

Sucrose agar: Very slight growth. 

Maltose agar: Abundant yellow growth. 

Lactose agar: Fairly abundant yellow 
growth. 

Starch agar: Very abundant, bright 
yellow growth which later turns brown. 

Nutrient broth: No growth. 

Temperature relations: Optimum 25* 
to 30*C. Minimum 5*C. Maximum 32* 
to 35*C. No growth at 37®C. Thermal 
death point 39* to 40®C. 

Aerobic. 

Source: Isolated from forest soil in 
Germany and from soil in the United 
States. 

Habitat: Widely distributed in soils. 

4. Cellvibrio vulgaris Stapp and 
Bortels. (Culture Co, Dubos, Jour. 
Bact., 16, 1928, 230; Stapp and Bortels, 
Cent. f. Bakt., II Abt., 90, 1934, 44.) 
From Latin, vulgaris, common. 

Curved rods: 0.3 by 2.9 to 4.0 microns. 
Shows involution forms. Motile by 
means of a single polar flagellum. Gram¬ 
negative. 

Cellulose is decomposed. Grows on 
filter paper without the formation of 
pigment. 

Glucose agar: Abundant growth. No 
pigment. 

Sucrose agar: Abundant slightly yellow 
growth. 
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Maltose agar: Abundant yellowish 
growth. 

Lactose agar: Very heavy growth. 

Starch agar: Very abundant yellowish 
growth. 

Nutrient broth: No growth. 

Temperature relations: Optimum 25^ 
to 30®C. Minimum 5®C. Maximum 32® 


to 35®C. No growth at 37*0. Thermal 
death point 44® to 45®C. 

Aerobic. 

Source: Isolated from forest soil in 
Germany and from soils in the United 
States. 

Habitat: Widely distributed in soils. 


Oenua IV. Cellfalclcula Winogradsky.* 

(Ann. Inst. Pasteur, 45, 1929, 616.) From M. L. cell, an abbreviation for cellulose; 
Latin dim.,/afcicu/o, a small sickle. 

Short rods or spindles, not exceeding 2.0 microns in length, with pointed ends, 
containing metachromatic granules. Old cultures show coccoid forms. \Ionotri- 
chous. Oxidize cellulose, forming oxycellulose. Growth on ordinary culture media 
is feeble. Soil bacteria. 

The type species is Cellfalcicula viridis Winogradsky. 


1. Cellfalcicula viridis Winogradsky. 
(Ann. Inst. Pasteur, iS, 1929, 616.) From 
Latin, viridis, green. 

Plump, small spindles, 0.7 by 2.0 
microns, with rounded ends. Motile 
with a single flagellum. Gram-negative 

Produces diffuse green, mucilaginous 
colonies on cellulose silica gel medium. 

Filter paper streaks: Rapid spreading 
growth colored green in 3 days at 30®C. 

Hydrocellulose agar: Growth rapid, 
green; minute yellowish-green, mucous 
colonies on streaking. 

No growth on peptone, glucose, starch 
or gum agar. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Habitat: Soil. 

2. Cellfalcicula mucosa Winogradsky. 
(Ann. Inst. Pasteur, 43, 1929, 621.) From 
Latin, mucoaus, mucous. 

Plump, curved spindles, with slightly 
pointed ends. Motile with a single polar 
flagellum. Contain a single chromatic 
granule. Gram-negative. 

Produces diffuse, cream-colored, muci¬ 


laginous colonies on cellulose silica gel 
medium. 

Hydrocellulose agar: Abundant grayish 
growth. 

No growth on peptone, glucose, 
starch or gum agar. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Habitat: Soil. 

3. Cellfalcicula fusca Winogradsky. 
(Ann. Inst. Pasteur, 45,1929,622.) From 
Latin, fuscus, dark, tawny. 

Plump, curved spindles, 0.5 by 1.2 to 
2.5 microns, with slightly pointed ends 
and a central chromatic granule. Motile 
with a single polar flagellum. Gram¬ 
negative. 

Produces diffuse, brownish, slightly 
marbled or veined colonies on cellulose 
silica gel medium. 

Filter paper streak: Paper becomes a 
partially transparent, dry, non-muci- 
laginous pellicle adherent to gel.' 

Aerobic, facultative. 

Optimum temperature 20 ®C. 

Source: Isolated from a pile of old damp 
saw^dust. 

Habitat: Probably rotting wood. 


• Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, Sept., 1937; no change, July, 1943. 
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F. Thiospira Vislouch* 

(Jour, de Microbiologie, 1, 1914. 50; Sulfospirillum Kluyver and van Niel, Cent. f. 
Bakt., II Abt.. 94, 1936, 396.) From Greek, theion, sulfur; speira, coil. 

Colorless, motile, slightly bent rods, somewhat pointed at the ends, with granules 
of sulfur within the cells and a small number of flagella at the ends. 

The type species is Thiospira winogradskyi (Omelianski) Vislouch. 


1. Thiospira winogradskyi (Omc- 
lianski) Vislouch, (Thiospirillum wino- 
gradakyi Omelianski, Cent. f. Bakt., II 
Abt., 14, 1905. 769; Thiospirillum grann- 
latum Molisch. Cent. f. Bakt., II Abt., 
SS, 1912, 55; Vislouch. Jour, de Micro¬ 
biologie (Russian), 1, 1914, 50; Sulfo- 
sjnrUlum winogradskyi Kluyver and van 
Niel, Cent. f. Bakt., II Abt., 94, 
1936, 397.) Named for Winogradsky, 
the Russian bacteriologist. 

Large, sulfur spirilla, somewhat 
pointed at the ends, 2 to 2.5 microns 
thick, to 50 microns long. Numerilus 
granules of sulfur. Very motile, with 
one to two polar Oagella. 

Habitat: Curative mud. 


2. Thiospira bipunctata (Molisch) 
Vislouch. ISpirillum bipunctatum Mo¬ 
lisch, Cent. f. Bakt., II Abt., 35, 1912, 
55; Vislouch, Jour, de Microbiologie 
(Russian), f, 1914, 50.) From Latin, hi, 
two; punctum, points. 

Small, slightly bent sulfur spirilla, 
markedly pointed at the ends, 6.6 by 14 
microns long, 1.7 to 2.4 microns wide (in 
the center of the cell). Both ends are 
filled more or less with large volutin 
(metachromatic) granules. Several mi¬ 
nute granules of sulfur are present in the 
clear center and sometimes at the ends. 
Old cells possess one flagellum at each 
end; young cells have a flagellum at 
one end. 

Habitat: Sea and salt waters. 


^^Genus VI. Spirillum Ehrenherg.^ 

(Ehrenbeig, Abhandlungen d. Berl. Akad., 1830, 38; Spirosoma Migula, Arb. bakt. 
Inst. Karlsruhe, 1, 1894, 237; Dicrospirillum Enderlein, Sitzber. Gesell. naturf. 
Freunde, Berlin, 1917,313.) From Greek, speira, a spire or coil. 

Cells form either long screws or portions of a turn. Volutin granules are usually 
present. Usually motile by means of a tuft of polar flagella (5-20) which may occur 
at one or both ends of the cells. Aerobic, growing well on ordinary culture media, 
except for one saprophyte and the pathogenic species. These have not yet been 
cultivated. Usually found in fresh and salt water containing organic matter. 

The type species is Spirillum undula (MUller) Ehrenberg. 


Key to the species of genus Spirillum. 

I. One micron or less in diameter. 

1. Volutin granules present. 

a. Slow to rapid liquefaction of gelatin, 
b. Grayish to brown growth on potato. 

1. Spirillum undula. 


♦ Prepared by Prof. D. H. Beigey, Philadelphia, Penn., October, 1922. 
t Revised by Prof. D. H. Bergey, Philadelphia, Pennsylvania, April, 1937; further 
revision by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, June, 1948, based on l^nogntph by Giesberger, Inaug. Diss., Utrecht, 
Nov. 80, 1086. 
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bb. Light ycllow’ish’orange growth on potato. 

2. Spirillum serpent, 

aa. No liquefaction of gelatin. Of small size (0.5 micron, in diameter), 
b. Colonies on agar white becoming brownish black and slightly 
wrinkled. 

3. Spirillum itersonii. 
bb. Colonies on agar white and smooth. 

4. Spirillum tenue. 

2. No volutin granules observed, 
b. Single flagellum. 

5. Spirillum virginianum, 

bb. Tuft of flagella. 

6. Spirillum minus. 

II. Over one micron in diameter. 

1. Grows poorly on peptone agar and potato. 

7. Spirillum kutscheri. 

2. Not positively known to have been cultivated on artificial media. Very 
evident volutin granules. 

8. Spirillum voluians. 

3. Oils more or less deformed by fat drops. 

9. Spirillum lipoferum. 


1. Spirillum undula (Muller) Ehren- 
berg. (Vibrio undula MUller, Animal- 
cula infusoria et marina, 1786; Ehrenberg, 
Infusionstierchen, 1838; Spirillum 
undula minor Kutscher, CJent. f. Bakt., 
I Abt., 18, 1895, 614.) From Latin, 
undulatus, wave-like. 

Stout threads, 0.9 micron in diameter, 
with one-half to three turns. The wave 
lengths are 6 microns. Width of spiral, 
3.0 microns. Tufts of three to nine 
flagella at each pole. Volutin granules 
present. Gram-negative. 

Gelatin colonies: The surface colonies 
arc circular, granular, greenish-yellow, 
entire. 

Gelatin stab: Thick, white, rugose 
surface growth. Very slow liquefaction. 

Agar colonies: ^i^yish-white, smooth. 

Broth: Turbid. 

Potato: Grayish-brown growth. 

Indole not formed. 

Catalase positive. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Cohn (Beitrage z. Biol. d. Pflanzen, I, 
Heft 2, 1875, 132) reports that he could 


not distinguish this organism from Vibrio 
prolifer Ehrenberg. 

Habitat: Putrid and stagnant water. 

2. Spirillum serpens (MUller) Winter. 
(Vibrio serpens Muller, Animalcula in¬ 
fusoria et marina, 1786, 43; Winter, in 
Rabenhorst^s Kryptogamen-Flora, 1, Die 
Pilze, 1884, 63.) From Latin, serpens, 
serpent. 

Long, curved rods with two to three 
wave-like undulations, O.S to 1.0 micron 
in diameter; wave length, 8 to 9 microns. 
Width of spiral 1.5 to 1.8 microns. Vo¬ 
lutin granules in cytoplasm. Motile, 
possessing tufts of flagella at both poles. 
Gram-negative. 

Gelatin colonies: Yellowish to brown¬ 
ish, granular, entire. 

Gelatin stab: Yellowish surface growth. 
Slow liquefaction. 

Agar colonies: Heavy cream-colored 
growth. 

Agar slant: Grayish, with ypllowish 
center, granular, entire. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: Clear orange-yellow growth 

Indole not formed. 
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Catalase positive. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 35^C. 

£bbitat; Stagnant water. 

3. Spirillum itersonii Giesberger. 
(Inaug. Diss., Utrecht, 1936, 46 and 57.) 
Named for van Iterson, the Dutch bac¬ 
teriologist. 

The smallest of the spirilla isolated 
from water. First observed by van 
Iterson (Proc. Kon. Akad. v. Wetensch. 
Amsterdam, 5, 1902, 685). 

Small spirals, 0.5 micron in diameter. 
Wave length, 3 to 3.5 microns. Spiral 
width, 1 to 1.5 microns. Motile with 
bipolar tufts of flagella. Gram-negative. 

Grows readily on peptone agar. White 
colonies becoming brownish black, and 
slightly wrinkled. 

Gelatin stab: No liquefaction. 
Brownish-orange growth on potato. 
Volutin granules may be present. 
Catalase is produced. 

Acid from glucose, fructose, ethyl 
alcohol, n-propyl alcohol, n-butyl alcohol, 
and glycerol. Utilizes acetic, propionic, 
n-butyiic, tartaric, fumaric, lactic, citric, 
and succinic acids. 

Grows well in peptone broth. Also 
utilizes ammonia compounds. 

Anaerobic growth in the presence of 
nitrates when organic or ammonia nitro¬ 
gen is also available. 

Optimum temperature: 30^C. 

Source: Isolated from water. 

Habitat: Water. 

4. Spirillum tenue Ehrenberg. (In- 
fusionstierchen, 1838; see Bonhofl, Arch, 
f. Hyg., Fd, 1896, 162.) From Latin, 
tenuiSf thin. 

Slender spirals. Diameter 0.7 micron. 
Wave lengths 4.5 to 5.0 microns. Width 
of spiral 1.5 to 1.8 microns. 

Actively motile in peptone water with 
tufts of flagella at each pole. Volutin 
granules present. Gram-negative. 

Agar colonies: White, smooth. 


Peptone agar slant: Heavy growth. 

Gelatin stab: No liquefaction. 

Catalase positive. 

Potato: Light brown growth. 

Acid from glucose and fructose. 
Slight acid from several other sugars and 
glycerols. Utilizes salts of acetic, pro¬ 
pionic, n-butyric, tartaric, lactic, citric, 
malic, and succinic acids. 

Ammonia compounds are used as a 
source of nitrogen. 

Optimum temperature, 30®C. 

Source: Found in putrefying vegetable 
matter. 

Habitat: Putrefying materials. 

5. Spirillum virginianum Dimitrofl. 
(Jour, of Bact., 12, 1926, 19.) From M. 
L. genitive of Virginia. 

Spirals consisting of i to 3 complete 
turns in young cultures, older cultures 
showing 7 turns. 0.6 to 0.9 by 3 to 11 
microns. Motile with a single polar 
flagellum on one or both ends. Gram- 
negative. 

Gelatin colonies: Entire, convex, cir¬ 
cular, moist, colorless. 

Gelatin stab: Growth along entire stab. 
No liquefaction. (Dimitrofl, foe. cii.) 
Active liquefaction. (Giesberger, Inaug. 
Diss., Utrecht, 1936, 65.) 

Agar colonies: Dew drop, convex, 
entire, moist, colorless. 

Agar slant: Dew drop, isolated colonies. 

Broth: Cloudy, no flocculation. 

Uschinsky’s protein-free medium: 
Abundant growth. 

Litmus milk: No growth. 

Loeffler’s blood serum: 0>nvex, 
isolated dew drop colonies. No lique¬ 
faction. 

Lead acetate agar: No HtS. 

Voges-Proskauer and methyl red nega¬ 
tive. 

No volutin granules observed (Gies- 
berger, loc. ciL, p. 60). 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid or gas from carbohydrates. 
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(Dimitroff, loc, cit). Utilises lactates 
and citrates (Giesberger, loc, cit,). 

Aerobic, facultative. 

Optimum temperature 35^0. 

Source: Isolated from mud on an oyster 
shell. 

Habitat: Probably muddy bottom of 
brackish water. 

6. Spirillum minus Carter. (Carter, 
Sci. Mem. Med. Officers Army India, 5, 
1887, 45 Spirillum minor Carter, ibid ,; 
Spirochaeta laverani Breinl and King- 
horn, Mem. Liverpool Sch. Trop. Med., 
tl, 1906, 55; Spirochaeta muris Wenyon, 
Jour. Hyg., 5, 1906, 580; Spirochaeta 
muris var. virginiana MacNeal, Proc 
Soc. Exper. Biol, and Med., 4, 1907, 125 
Spirochaeta muris var. galaUiana Mezin- 
cescu, Compt. rend. Soc. Biol. Paris, 66, 
1909, 58; Treponema muris Moore, 
Principles of Microbiology, 1912, 414; 
Spirochaeta morsus muris Futaki, Takaki, 
Taniguchi and Osumi, Jour. Exp. Med., 
M6, 1917, 33; Spirochaeta petit Row, Ind. 
Jour. Med. Res., 6, 1917, 386; Spironema 
muris Noguchi, Jour. Exp. Med., t7, 

1918, 584; Spirochaeta japonica Dujarric 
de la Riviere, Anif. de M6d., 5,1918,184; 
Spirochaeta morsusmuris Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 

1919, 447; Spiroschaudinnia morsusmuris 
Castellani and Chalmers, ibid.; Spiro- 
chaeta sodoku Troisier, 1920, according to 
Pettit^ Contribution A I’fitude des 
8piit>ch6tid5s, Vanves, II, 1928, 231; 
Treponema japonicum Brumpt, Nouveau 
Trait5 de M6decine, Paris, 1922, 505; 
Treponema morsus murts Brumpt, ibid,, 
506; Treponema minor Brumpt, ibid., 
507; Treponema laverani Brumpt, ibid., 
507; Treponema sodoku Brumpt, ibid,, 
514; Spirochaeta pettiti Row, Jour. 
Trop. Med. and Hyg., «5, 1922, 364; 
Treponemella muris San Giorgi, Piatho- 
logica rivista, J4, 1922, 461; Borrelia 
muris Bergey et al.. Manual, 2nd ed., 
1925, 435; Spirillum minus var. morsus 
muris Ru 3 ni, Cent, f. Bakt., I Abt., Orig., 
lOS, 1927, 270; Spirillum minus var. 


muris Ruys, ibid.; Spironema minor 
Ford, Textb. of Bact., 1927, 962; Spiro* 
nema laverani Ford, ibid., 963; Spironema 
muris var. virginiana Ford, ibid., 963; 
Spirella morsusmuris Noguchi, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928, 497; Spirella muris 
Noguchi, ibid.) From Latin, minus, 
less. 

Description taken from Adachi, Jour. 
Exp. Med., 55, 1921, 647 and Giesbeiger, 
Inaug. Diss., Delft, 1936, 67. 

Short thick cells: 0.5 by 3.0 microns, 
having 2 or 3 windings which are thick, 
regular and spiral. Actively motile by 
means of bipolar tufts of flagella. Gram¬ 
negative. 

Has not been cultivated on artificial 
media. 

Aerobic, facultative. 

Pathogenic for man, monkeys, rats, 
mice .and guinea pigs. 

This species is regarded by some as a 
spirochaete. Because of its habitat and 
wide distribution it has been described 
under many different names. It is 
possible that some of these names indi¬ 
cate varieties or even separate species. 
See Beeson (Jour. Alner. Med. Assoc., 
Its, 1943, 332) for important literature. 

Source: Found in the blood of rats and 
mice. 

Habitat: The cause of rat-bite fever. 
Widely distributed. 

7. Spirillum kntscheri Migula. (Spi* 
rillum undula majus Kutscher, Cent. f. 
Bakt., I Abt., 18, 1895, 614; Migula,* 
Syst. d. Bakt., 5, 1900, 1024.) Named 
for Kutscher, the German bacteriologist 
who first isolated the organism. 

Stout threads, 1.5 microns in diameter. 
Wave lengths 10.5 to 12.5 microns. 
Width of spiral, 3 to 4.5 microns. May 
lose their spiral form on continued 
cultivation. Motile with tufts of flagella 
at the poles. Gram-negative. 

Gelatin colonies: Transparent, round, 
surface colonies. Deep colomes, dark 
brown. 
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Gelatin etab: Slow liquefaction. 

Agar colonics grow poorly, granular. 
Deep colonies yellowish-grecn to dark 
brown. 

Agar slant: Delicate, transparent 
growth. 

Potato: Limited growth. 

Volutin present. 

Catalase positive. 

Utilizes malic and succinic acids. 
Grows well on peptone broth. Also 
utilizes ammonia compounds. 

Optimum temperature, 22® to 27 ®C. 
Source: Isolated from putrid materials 
and liquid manure. 

Habitat: Putrefying liquids. 

8. Spirillum volutans Ehrenberg. 
(Prototype, Vibrio spirillum Muller, 
Animalcula infusoria, 1786; Ehrenberg, 
Die Infusionstierchen als Volkommene 
Oiganismcn, 1838.) From M. L. volutin. 

Spirals 1.5 microns in diameter. Wave 
length, 13 to 15 microns, width of spiral, 
4 to 5 microns. The largest of the spirilla. 
Slightly attenuated ends. Motile, pos¬ 
sessing a tuft of ten to fifteen flagella 
at each pole. Dark granules of volutin 
in the cytoplasm. Gram-negative. 

Migula (Syst. d. Bakt., 2, 1900, 1025) 
reports that this species has not been 
cultivated on artificial media, and that 
the cultures so described by Kutscher 
(Ztschr. f. Hyg., 20, 1895, 58) are of a 
different species which Migula names 
Spirillum giganteum. Vahle (Cent. f. 
Bakt., II Abt., 25, 1910, 237) later 
describes the cultural characters of an 
organism which he regards as identical 
with Kutscher’s organism. Giesberger 
(Inaug. Diss., Delft, 1936, 05) saw what 
he felt was the true Spirillum volutans 
but could not cultivate it. 

Optimum temperature 35°C. 

Habitat: Stagnant water. 


9. Spirillum llpoferum Beijerinck. 
(Azotobacier spirillum Beijerinck, Kon. 
Akad. Wetensch. Amsterdam, SO, 1923, 
431 quoted from Giesberger, Inaug. 
Dies., Delft, 1936, 24; Spirillum lipo- 
ferum Beijerinck, Cent. f. Bakt., II 
Abt., 6S, 1925, 353; Chromatium lipo- 
ferum Bergey et al., Manual, 3rd ed., 
1930, 531.) From Greek, lipos, fat; 
Latin, fero, to bear. 

Curved cells with one-half to one spiral 
turn, containing minute fat droplets. 
These may deform the cells. Motile 
with lophotrichous flagella. Gram¬ 
negative. 

Calcium malatc agar colonies: Circu¬ 
lar, small, transparent, dry. The malate 
is oxidized to calcium carbonate. Cells 
contain fat drops. 

Peptone agar colonics: More abundant 
development. Cells lack fat drops and 
are typically spirillum in form. 

Glucose peptone broth: Cells actively 
motile with large fat drops. 

Fixes atmospheric nitrogen in partially 
pure cultures, i.e., free from Azotobacter 
and Clostridium (Beijerinck, foe. ciL). 
Schroder (Cent. f. Bakt., II Abt., 85, 
1932,17) failed to find fixation of nitrogen 
when she used cultures derived from a 
single cell. 

Aerobic. 

Optimum temperature 22 ®C. 

Beijerinck regards this as a transitional 
form between Spirillum and Azotobacter. 
Giesberger (loc. cit., p. 64-65) thinks it a 
Vibrio. 

Habitat: Garden soil. 

Appendix:* The following additional 
species have been mentioned in the 
literature. Many are inadequately de- 
.scribed. Scmic may not belong here. 


♦ Prepared by Mr. Wm. C. Haynes, New York State Experiment Station, Geneva, 
New York, Jan., 1939; Revised by Capt. Wm. C. Haynes, Sn. C., Fort Bliss, Texas, 
July, 1943. 
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Spirella cants Duboscq and Lebailly. 
(Compt. rend. Acad. Sci. Paris, 164, 
1912, 835.) From the stomach of a dog. 

Spirillum amyliferum Van Tieghem. 
(Bull.*Soc. botan. de France, £6, 1879, 
65.) Said to produce spores. Ford 
(Textb. of Bact., 1927, 364) thinks this 
organism was probably a spirochaete 
because of its mode of division. Found 
in frog spawn fungus of sugar factories. 

Spirillum attenuatum Warming. (Om 
nogle ved Danmarks Kyster Icvcnde 
Bakterier. Kjobenhavn, 1876; Spiro- 
soma attenuatum Migula, Syst. d. Bakt., 

1900, 959.) Ford (loc. cit., 363) states 
that this incompletely described organ¬ 
ism would now be regarded either as a 
spirillum or as a spirochaete. From sea 
coast of Denmark. 

Spirillum cardiopyrogenes Sardjito. 
(Oeneesk. Tijdschr. voor Ned.-Indie, 
7$, 1932,1359; ibid., 73,1933, 822.) From 
blood of a patient with pericarditis. 

Spirillum colossus Errera. (Rec. trav. 
bot. Bruxelle, 6, 1902; Abst. in Cent. f. 
Bakt., II Abt., 9, 1902, 60S.) A giant 
form isolated from brackish sea water. 
Probably the same as Spirillum volutans 
Ehrenberg. 

Spirillum concentricum Kitasato. 
(Cent. f. Bakt., 3, 1888, 73.) Found in 
putrefying blood. 

Spirillum crassum Veillon and Repaci. 
(Ann. Inst. Past., £6, 1912, 300.) De¬ 
scribed as having peritrichous flagella. 
From lung lesions in human tuberculosis. 

Spirillum endoparagogicum Sorokin. 
(Cent. f. Bakt., 1, 1887, 465.) Described 
as producing spores in old cultures. 
From rain water in bark of poplar tree. 

Spirillum giganteum Migula. (Spiril¬ 
lum volutans Kutscher, Ztschr. f. Hyg., 
£0, 1895, 58; Migula, Syst. d. Bakt., £, 
1900, 1025.) From putrefying liquids. 

Spirillum hachaizae Kowalski. (Cent, 
f. Bakt., 16, 1894,324; Spirillum hachaizi- 
cum Kowalski, ibid,, 324; Spirochaeta 
hachaizae Castellani and Chalmers, Man. 
Trop. Med., 1st ed., 1910,316; Treponema 


hachaizae Brumpt, Nouveau Trait6 de 
M6decine, Paris, 4, 1922, 495.) Found 
in feces of cholera patients and also of 
healthy individuals. 

Spirillurn j^lkwitzii Vislouch. (Jour, 
de Microbiol. (Russian), 1, 1914, 50.) 

Spirillum leucomelaenum Perty. (Zur 
Kenntniss kleinster Lebensformen. 
Berne, 1852. Also see Koch, Mitt. 
Kais. Gesundheitsamte, 1, 1881, 48.) 
From stagnant water. 

Spirillum monospora Dobell. (Quart. 
Jour. Micr. Sci., 6£, 1908, 121.) De¬ 
scribed as producing spores. From 
large intestine of frogs and toads. 

Spirillum nigrum Rist. (Tli6se m6d., 
Paris, 1898; see Cent. f. Bakt., I Abt., 
SO, 1901,299.) Strict anaerobe from pus. 

Spirillum ostreae Noguchi. (Jour. 
Exp. Med., 34,1921,295.) From oysters. 

Spirillum periplaneticum Kunstler and 
Gincste. (Compt. rend. Soc. Biol. 
Paris, 61, 1906,135.) Froifi the intestine 
of the cockroach, Periplaneta americana. 

Spirillum pyogenes Mezincescu. 
(Cent. f. Bakt., I Abt., Orig., S6, 1904, 
201; Spirochaeta pyogenes Blanchard, 
Semaine MM., £6, 1906, 1; Treponema 
pyogenes Brumpt, Nouveau Traits* de 
M6decine, Paris, 4, 1922, 511.) From a 
case of pyelitis calculosa. 

Spirillum ,appini De Toni and Trovi- 
san, (Spirochaete, Rappin, Contr. k 
PEtude d. Bact^r. de la Bouchc k Tfitat 
normal, 1881, 68; De Toni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
1009.) From the stomach of a dog. 

Spirillum recti physcUris Beauregard, 
(Compt. rend. Acad. Sci. Paris, 1£6, 
1897, ^55.) From ambergris. 

Spirillum rugula (Muller) Winter. 
(Vibrio rugtda MOller, Animalcula infu¬ 
soria, 1786; Cohn, Beitrage z. Biol. d. 
Pflanz., 1, Heft 2, 1872, 178; BouhofT, 
Arch. f. Hyg., £6, 1896, 162; Winter, Die 
Pilze, in Rabenhorst’s Kryptogamen- 
Flora, 1884.) Prazmow^ki found spores, 
but it is not certain his cultures were 
pure. Bonhoff also observed spores, but 
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concluded that , they were due to con* 
taminating organisms (Ford, Textb. of 
Baot., 1927, 360). From water. 

Sjnrillutn iporiferum Migula. (Syst. 
d. Bakt., F, 1900, 1028.) Produces 
spores. The spirals in which the spore 
fonnation is beginning are like Spirillum 
leucametaenum Perty (Ford, loe, ciL, 
336). Giesbergcr (loc, cit., p. 60) places 
this and other so-called spore-forming 
spirilla in Sporoapirilium Orla-Jensen 
(Cent. f. Bakt., II Abt., FF, 1909, 340). 
From a bean infusion. 

Spirillum spvtigenum Miller. (Die 
Mikroorganismen der Mundhohle. Leip- 
xig, 1892; Deutsche med. Wchnschr., 5F, 
1906,1 and 348.) Hoffman and Prowazek 
(Cent. f. Bakt., I Abt., Orig., 4i, 1906, 
741) claim that Spirillum aputigenum 
has peritrichous flagella. Giesl^rger (foe. 
cii., 63) places this in Selenomonaa 
Prowazek (Cent. f. Bakt., I Abt., Orig., 
70, 1913, 36). Muhlens* (Cent. f. Bakt., 
I Abt., Orig., 4S, 1909, 525) reports 1 to 
3 flagella, the majority of the organisms 
having apparently a single thick flagellum 
(a bunch of flagella) on the concave side 
(Ford, loc. ciL, 367). Anaerobic. From 
the buccal cavity. 

Spirillum aUmaeki Lehmann and Neu¬ 
mann. {Spirillum Form a, 7 , < 
Salomon, Cent. f. Bakt., 1 Abt., 19, 1896, 
433; Lehmann and Neumann, Bakt. 
Diag., 2 Aufl., F, 1899, 362.) Found in 
stomach of dog, cat and rat. 

ParaapirtUumvtiidovakiiDohell. (Arch, 
f. Protistenk., $4, 1911,97.), Found only 


once in fresh water containing Oaeilla- 
toria. Flagellate flexible spiral cells 
described as possessing a nucleus. This 
may be a protozoan. 

Sptrobacillua gigaa Certes. (Bull. Soc. 
Zool. France, 14^ 18^i 322; abst. in Ann. 
de Microgr., F, 1889-1890, 137.) From 
water. 

Vibriothrix tonaillaria Tunnicliff and 
Jackson. (Organism from Actinomyces- 
like granules, Tunnicliff, Jour. Inf. Dis., 
58, 1926, 366; Tunnicliff and Jackson, 
ibid., 4^> 1930, 12 .) From tonsillar 
granules. May be identical with Leplo- 
thrix asteroide Mendel and as a Gram- 
negative, anaerobe may belong in Bac- 
teroidea according >to Rosebury (Bact. 
Rev., 5, 1944 , 202). 

Vibriothrix zeylanica (Castellani) Cas- 
tellani. {Spirillum zeylanicum Castel¬ 
lani Jour. Ceylon Branch Brit. Med. 
Assoc., 7, 1910, 5 and Philipp. Jour. 
Sci., 5, No. 2 , Sect. B., Medical Sciences, 
July, 1910; Vibrio zeylanicua Castellani, 
1913, Bacillua zeylanicua Castellani, 
1913 and Vibriothrix zeylanica Castellani, 
1917, quoted from Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 191&, 
1069; Spirobacillua zeylanicua Castellani, 
Spagnuolo and Russo, Bull. Soc. Path. 
Exot., II, 1918, 271.) Motile. Gram- 
negative. From cases of dysenteric 
enteritis in Ceylon. This is the type 
species of the genus Vibriothrix Castel¬ 
lani (see Castellani and Chalmers, loc. 
ciL, 1068). 
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FAMILY III. AZOTOBACTERIACEAE BERGEY, BREED AND MURRAY.* 
(Preprint, Manual, 6th ed., October, 1938, v and 71.) 

Cells without endospores. Relatively large rods or even cocci, sometimes almost 
yeast-like in appearance. The type of flagellation in this genus has been definitely 
established as peritrichous. Gram>negative. Obligate &robes, usually growing in 
a film on the surface of the culture medium. Capable of fixing atmospheric nitrogen 
when provided with carbohydrate or other energy source. Grow best on media 
deficient in nitrogen. Soil and water bacteria. 

There is a single genus. 

Genua 7. Azotobacter Beijerinck, 

(Beijerinck, Cent. f. Bakt., II Abt., 7,1901,567; Azotomonas Orla-Jensen, Cent. f. 
Bakt., II Abt., 1909, 444.) 

The definition is identical with that of the family. From Gr. azouSf not living. 
French, azote^ nitrogen; Gr. bakiron, rod, stick. 

The type species is Azotobacter chroococeum Beijerinck. 


1. Azotobacter chroococcum Beijer- 
inck. (Cent. f. Bakt., II Abt., 7, 1901, 
567 and P, 1902, 3; Bacillus azotobacter 
Ldhnis and Hanzawa, Cent. f. Bakt., II 
Abt., 1914, 1; Bacillus chroococcus 
Buchanan, General Syst. Bact., Balti¬ 
more, 1925,194.) From Gr. chroa, color; 
eoccoa, grain; M. L. sphere. 

According to I^hnis and Smith (Jour. 
Agr. Res., f5, 1923, 401) Azotobacter 
beijerinckii Lipman (New Jersey Agr. 
Exp. Sta. Rept., FJ, 1904, 247), Azoto¬ 
bacter woodstownii Lipman {ibid,), Azoto¬ 
bacter smyrnii Lipman and Burgess (Cent, 
f. Bakt., II Abt., 44, 1915,504) and Azoto¬ 
bacter hilgardii Lipman (Science, 99, 
1909, 941) are identical with Azotobacter 
chroococcum, Greene (Soil Sci., S9, 
1935, 327) studied Azotobacter chroococ¬ 
cum and Azotobacter beijerinckii by 
chemical analyses and found the chemical 
composition of the cells to be practically 
identical, but different from that of 
Azotobacter vinelandii and Azotobacter 
agile. Smith (private communication) 
feels that Azotobacter beijerinckii is a 
non-pigmented rough strain of Azoto¬ 
bacter chroococcum. 


Grows in absence of organic nitrogen* 

Rods: 2.0 to 3.0 by 3.0 to 6.0 microns, 
occurring in pairs and packets and oc¬ 
casionally in chains. The cells show 
three or four retractile granules. The 
organisms are surrounded by a slimy 
membrane of variable thickness, usually 
becoming browmish in older cultures, due 
possibly to the conversion of tyrosine to 
melanin. The coloring matter is insolu¬ 
ble in W'ater, alcohol, ether and chloro¬ 
form. Motile by means of numerous 
peritrichous flagella (Hofer, Jour. Bact., 
47, 1944, 415.) Gram-negative. 

Gelatin colonies; Very small, circular, 
yellow, granular, later becoming yel¬ 
lowish-browm. 

Gelatin stab: Only slight growth in 
the stab. No liquefaction. 

Mannitol agar stab: Gray, may become 
brownish. 

Nutrient broth: No growth even in 
the presence of glucose; peptone utilized 
with difficulty. 

Litmus milk: Becoming clearer in 10 
to 14 days. 

Potato: Glossy, barely visible, slimy 


* Revised by Dr. A. W. Hofer, New York State Experiment Station, Geneva, 
New York, June, 1938; further revunon by Dr. A. W. Hofer, July, 19«. 
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to wrinkled; may become yellowish, 
brownish-yellow or chocolate brown. 

The oi^ganism fixes atmospheric nitro¬ 
gen and gives off COj, utilizing glucose 
and sucrose. Other generally used car¬ 
bon compounds are fructose, maltose, 
mannitol, inulin, dextrin, galactose, 
arabinosc, starch, glycerol, ethj'l alcohol, 
acetate, butyrate, citrate, lactate, mal- 
ate, propionate and succinate. 

Nitrate: Improves growth in amounts 
less than 1 gm. per liter; greater amounts 
are toxic. 

Fixes nitrogen moderately actively. 

Chemical analysis: Four-day cultures 
grow’n upon mannitol agar (Greene, 
1935), when dried, arc found to contain 
less than 0.5 per cent of hemicelluloses, 
less than 20 per cent of crude protein, 
less than 5 per cent of ash, and more 
than 30 per cent of lignin-like materials. 
The nitrogen fraction contains less than 
1 per cent of amide nitrogen, less than 1 
per cent of humin nitrogen and about 1 
per cent of basic nitrogen. 

Aerobic. 

Optimum temperature 25®C. to 28 ®C. 

Distinctive characters: Inability to 
grow in peptone media, even in the 
presence of glucose; frequent occur¬ 
rence of a dark browm or black pigment. 

Source: Isolated from soil. 

Habitat: Occurs naturally in the 
majority of neutral or alkaline field soils. 

2. Azotobacter agile Beijcnnck. 
(Cent. f. Bakt., II Abt., 7, 1901,577.) 
From L. agilis, agile, quick. 

In studies on the chemical composition 
of cells Greene (Soil Sci., 59, 1935, 327) 
found Azotobacter vinelandii Lipman 
(New Jersey Agr. Exp. Sta. Kept., B4f 
1903, 238) to be very similar to Azoto¬ 
bacter agile Bcijerinck. Smith and Loh- 
nis (Jour. Agr. Res., 25, 1923, 401) agree 
and state furthermore that the two are 
identical; they believe also that AzoU)- 
bacter vitreum Ldhnis and Westermann 
(Cent. f. Bakt., II Abt., 22, 1908, 234) 
is another synonym of AzoiobacUf agile. 


Smith (private communication) states 
that Azotobacter vitreum is a very weak 
growing, smooth strain of Azotobacter 
agile, Kluyver and van Reenen (Arch. 
Mikrobiol., 4, 1933, 299) feel that a dis¬ 
tinction should be made between Azoto- 
bacter agile and Azotobacter vinelandii. 
In regard to the former, Kluyver and 
van den Bout (Arch. Mikrobiol., 7, 1936, 
263) suggest that it be further subdivided 
into Azotobacter agile and Azotobacter 
agile var. atypica, the latter referring to 
an Azotobacter agile form that fails to 
produce pigment. 

Rods: 4 to 6 microns in length, almost 
spherical. Actively motile by means of 
numerous peritrichous flagella (Hofer, 
loc. cit). Some stratus are reported to 
be non-motile. Gram-negative. 

Grows in absence of organic nitrogen. 

Gelatin: No liquefaction. 

^^annitol agar colonies: Circular, gray¬ 
ish white, translucent with whitish 
center. 

Washed agar colonics: Show slight 
bluish-green fluorescence. 

Mannitol agar slant: Grayish, trans¬ 
lucent, fluorescent. 

Plain agar slant: Yellowish-white, 
smooth, glistening, translucent with 
opaque center. 

Broth: Turbid, with sediment. 

Litmus milk: Becoming clear in 10 to 
14 days. 

Potato: Yellowish-white, slimy, be¬ 
coming yellowish-brown. 

In the presence of organic acids, a 
greenish or reddish pigment is formed. 

The organism Axes atmospheric nitro¬ 
gen actively, and gives off COf. 

Aerobic. 

Chemical analysis: Four-day cultures 
grown upon mannitol agar (Greene, 1935), 
w’hen dried, contain more than 4 per cent 
of hemicelluloses, more than 45 per cent 
of crude protein, more than 7 per cent 
of ash, and less than 4 per cent of lignin¬ 
like materials. The nitrogen fraction 
contains more than 1 per cent amide 
nitrogen, more than 1 per cent humin 
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nitrogen, and 2 per cent or more of basic 
nitrogen. 

Optimum temperature 25®C to 28®C. 

Distinctive characters: T^ck of a 
brown pigment; occasional fluorescence; 
growth in peptone broth containing 
glucose. 

Source: Originally isolated from canal 
water at Delft. 

Habitat: Occurs in water and soil. 

3. Azotobacter indicum Starkey and 
De. (Soil Sci. ^7, 337, 1030.) From L. 
indicuSf of India. 

Rods: Ellipsoidal, fromO 5 to 1.2 by 1.7 
to 2.7 microns when grown on nitrogen 
free glucose agar. One of the distinctive 
characteristics is the presence of t\^<i 
large, round, highly refractive bodies in 
the cells, one usually at each end. Mo¬ 
tile by means of nuinenms peritrichous 
flagella (Hofer, loc. cit,). Gram-nega¬ 
tive. 

The organism grows slowly but in 
time produces large amounts of slime. 


Has high acid tolerance, since it grows 
from pH 3 to 9. 

Sucrose or glucose agar plates: Colonies 
are colorless, round, very much raised, 
and uniformly turbid, having much the 
appearance o^ heavy starch paste. Af¬ 
ter two weeks, a buff to light brown color 
develop^}. 

Mannitol agar slant: Grows very 
poorly. 

Peptone agar slant with 0.5 per cent 
glucose: Limited grayish growth. 

Nutrient broth: No growth. 

Liquid media generally: Turbidity 
with some sediment. 

Fixes atmospheric nitrogen readily 
with either glucose or sucrose as source 
of energy. 

Aerobic. 

Optimum temperature: 30®C. 

Distinctive characters: Tolerance of 
acidity, wide limits of pH tolerated, 
abundant slime production, large glob¬ 
ules of fat within cells. 

Source: Soils of India. 

Habitat: Soils. 


Appendix I: The relationship of the following species to the species placed in Azo- 
tobacter is not yet entirely clear. 

Genus Azotomonas Stapp» 

(Cent. f. Bakt., II Abt., 102y 1940, 18; not Azotomonas Orla-Jensen, Cent. f. Bakt., 

II Abt., S4, 1909, 484.) 

Rod to coccus-shaped aerobic bacteria, motile by means of 1 to 3 polar flagella. No 
endospores. No fat-like reserve food granules in the cells, form acid and gas from 
glucose, and other sugars and alcohols. Form indole. Chemo-heterotrophic. Many 
carbon compounds other than sugars used as sources of energy. Active in the fixation 
of atmospheric nitrogen. Live in soil. From Gr. azous, not living, French, azote, 
nitrogen; Greek, monaSy a unit; M. L. monad. 

The typo species is Azotomonas insolita. 


Azotomonas insolita Stapp. (Ab¬ 
stracts of Communications, Third In- 
ternat. Congr. for Microbiol., Sect. VIII, 
1939, 306; abst. in Proc. Soil Sci. Soc. of 
America, 4/11139, 244; Cent. f. Bakt., II 
Abt., 102,1040,1.) From Latin insolitus, 
unusual. 

Coccoid rods: 0.6 to 1.2 by 0.6 to 1.8 


microns. Motile with one to three polar 
flagella. Gram-negative. 

Gelatin: No liquefaction. 

Agar slant: Glistening white growth. 
Agar colonies: Flat, whitish, edge 
entire. Weakly fluorescent. 

Broth: Strong turbidity. Sediment. 
Pellicle. 
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Milk: No change. 

Potato: Growth somewhat dry^ not 
slimy, dirty gray, spreading. 

Nitrites produced from nitrates. 

Fixes nitrogen. 

Ammonium salts utilized. 

Acid and gas from adonitol, arabinose, 
dextrin, glucose, galactose, glycerine, 
inositol, lactose, fructose, maltose, man¬ 
nitol, mannose, raffinose, rhamnose, sali- 
cin, sorbitol, starch, sucrose and xylose. 


Starch is hydrolyzed. 

Hydrogen sulfide produced. 

Optimum temperature 25^ to 30^C. 
Minimum 7® to 9.6®C. Maximum 48®C. 
Good growth at 37 ®C. Thermal death 
point 60®C. 

Limits of pH 3.3 to 9.5. 

Aerobic. 

Source: From a mixture of chopped 
cotton husks and rice hulls. 

Habitat: Soil. 
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FAMILY IV. RHIZOBUCEAE CONN. 


(Jour. Bact., S6, 1938, 321.) 

Cells without endospores, rod-shaped, sparsely flagellated (one polar or lateral flageL 
lum, or 2 to 4 peritrichous ones); some species non-motile. Usually Gram-negative. 
One genus {Chromoh(icterium) produces a violet pigment.* Grow aerobically on ordi¬ 
nary culture media containing glucose. Glucose and sometimes other carbohydrates 
are utilized, without appreciable acid formation. Saprophytes, symbionts and 
pathogens. The latter are usually plant pathogens forming abnormal growths on 
roots and stems. 


Key to genera of family Rhizobiaceae. 

I. Cells capable of fixing free nitrogen when growing symbiotically on the roots of 
Leguminosae. 

Genus I. Rhizobium, p. 223. 

II. Either plant pathogens which attack roots or produce hypertrophies on stems; or 
free-living non-chromogenic soil or water forms. Do not fix nitrogen. 

Genus II. Agrobacterium^ p. 227. 

III. Usually free-living soil and water forms which produce a violet chromogenesis. 

Genus III. Chromobaeterium, p. 231. 


Genue /. Rhlzobium Frank,* 

{Phyiomyxa Schroeter, in Cohn, Kryptogamen-Flora von Schlesien, 5, 1886, 134; 
Frank, Ber. d. deut. bot. Gesellsch., 7, 1889, 380; Rhizobaeterium Kirchner, Beitr. s. 
Biol. d. Pfianzen, 7, 1895, 221; Rhizomonaa Orla-Jensen, Cent. f. Bakt., II Abt., FF, 
1909, 328.) From Greek r^iza, root; bios, life. 

Rods: 0.5-0.9 by 1.2-3.0 microns. Motile when young, commonly changing to bac- 
teroidal forms (a) upon artificial culture media containing alkaloids or gluoosides, or 
in which acidity is increased; or (b) during symbiosis within the nodule. 'Gram¬ 
negative. Aerobic, heterotrophic, growing best with extracts of yeast, malt or other 
plant materials. Nitrates may be reduced to nitrites. Nitrites are not utilized. 
Gelatin is not liquefied or is very slightly liquefied after long incubation. Optimum 
temperature 25*’C. This group is capable of producing nodules on the roots of 
Leguminosae, and of fixing free nitrogen during this symbiosis. 

The type species is Rhizobium leguminosarum Frank. 

Key to the species of genus Rhizobium. 

1. Litmus milk alkaline. 

a. Formation of serum zone in milk. 

b. Moderate growth, slight acid reaction on yeast water agar plus mono-, di- 
and trisaccharides. 

c. Causes formation of root nodules on species of the genera Lathyrus, 
Pisum, Vicia and Lens, Bacteroids irregular with x, y, star-, and 
club-shaped forms; rods peritrichous when young. 

1. Rhizobium leguminosarum. 

cc. Causes formation of root nodules on Phaseolus vulgaris, P. multijlorus 
and P. angustifolius. Bacteroids vacuolated rods, few branched 
forms; young cells peritrichous. 

2. Rhuchium phaseoli. 


* The genua Rhizobium was revised by Dr. and Mrs. O. N. Allen under the directum 
of Prof. E. B. Fred and Prof. I. L. Baldwin, Univ. of Wisconsin, Madison, Wis., Jan., 
1988; further revision by Dr. 0. N. Allen, Jan., 1943. 
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ccc. Causes foriuation of nodules on species of genus Trifolium. Bac- 
teroids pear-shaped, swollen, vacuolated. Pentoses usually not 
fermented. 


2 . 


3. Rhizobium trifolii. 

aa. No serum zone formed in milk. 

b. Scant growth, alkaline reaction on yeast water agar plus most carbohydrates, 
c. Causes formation of nodules on species of genus Lupinua and on Orm- 
thopua aativua. Bacteroids vacuolated, rods seldom branched. 

4. Rhizobium lupini. 

cc. Causes formation of nodules on Soja max. Bacteroids long slender 
rods, seldom vacuolated or branched; young cells monotrichous. 

6. Rhizobium japonicum.* 

Litmus milk acid. 

a. Formation of serum zone in milk. 

b. Moderate growth, slight acid reaction on yeast water agar plus mono-, di- 
and trisaccharides. 

c. Causes formation of root nodules on species of the genera Melilotua, 
Medicago, and Trigonella. Bacteroids club-shaped, branched, young 
cells peritrichous. 

6. Rhizobium meliloti. 


1. Rhizobium leguminosanim Frank 
emend. Baldwin and Fred. (Frank, 
Landwirtschaftliche Jahrbilcher, 19, 1890, 
563; Rhizobium polymorphum Dangeard, 
Rhizobium fabae Dangeard, Le Botanistc, 
S6r. 16, 1926,192-194; Baldwin and Fred, 
Jour. Bact., 17, 1929,146.) From Latin, 
of the legume family {Leguminoaae). 

Note: The following binomials have 
been used for species of this genus. The 
names given were used by their authors 
to cover one or more of the species here 
recognized as belonging to the genus 
Rhizobium. Where a question mark (?) 
is used it indicates that the species was 
too poorly described to be recognizable 
today. Schinzia cellulicola Frank, 1877 
(all *8pccies) Leunis, Synopsis der drei 


Natu^reiche. 2 Theil, Botanik, III Abt., 
Kryptogaraen, Sec. 914, 1877, 1944; 
Schinzia leguminoaarum Frank (all spe¬ 
cies), Bot. Ztg., S7, 1879, 377; Phyto- 
myxa leguminoaarum Schroeter (all ex¬ 
cept Rhizobium lupini), in Cohn, Krypto- 
gamen-Flora von Schlesien, 3, I, 1886, 
135; Bacillua radicicola Beijcrinck (all 
species), Bot. Ztg.,46, 1888,726; Bacillua 
fabae Beijerinck (from broad bean) and 
Bacillua ornithopi Beijcrinck (from ser- 
radella), Bot. Ztg., 48, 1890, 837; Clado- 
chyirium tuberctUorum Vuillemin (all 
species?), Ann. Sci. Agron. Franc, et 
£trang., 5, I, 1888, 193; Bacterium 
radicicola Prazmowski (all species), 
Landw. Vers. Sta., 37, 1890, 204; Rhizo¬ 
bium muiabile Schneider (several species) 
Rhizobium curvum Schneider (?), Rhizo- 


* No specific name has been proposed for the organism causing the formation of 
nodules on plants that are members of the so-called **cowpea” group. Data showing 
possible inter-relationships of certain plant species of the soybean and cowpea cross¬ 
inoculation groups prompted Walker and Brown (Soil Science, 39, 1935, 221-225) to 
propose a consolidation of the two groups to be recognized as being inoculated by a 
single species, Rhizobium japonicum. Results obtained recently by Reid and Bald¬ 
win (Proc. Soil Sci. Soc. Amer. for 1936, 1, 1937,219) show these inter-relationships to 
include the lupine group also. 
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bium frankii var. majus and var. mi¬ 
nus Schneider (?), Rhizdbium nodosum 
Schneider (?), Rhizohiiim dubium 
Schneider (?), Bui. Torrey Bot. Club, 
Wf 1892, 213; Rkizobium sphaeroides 
Schneider (?), Ber. deut. bot. Gesell., /Z, 
1894, 16; Bacillus tuberigenus Conner- 
mann and Micrococcus tuberigenus Con- 
nermann, Landw. Jahrb., 2S, 1894, 654, 
657, are thought by Fred, Baldwin and 
McCoy (University of Wisconsin, Stud¬ 
ies in Science, No. 5,1932,140) not to be 
true nodule organisms and to be too 
poorly described to be recognizable to¬ 
day ; Rhyzohium pasteurianum Maz6 (all 
species), Ann. Inst. Pasteur, IS, 1899, 
146; Psendorhizobium ramosum Hartleb 
(?) (Chem. Zeit., Si, 1900, 887) (used 
for noninfective culture claimed by 
Stutzer (Mitt. Landw. Inst. Breslau, 1, 
Heft 3,1900, 63) to be genuine root nod¬ 
ule organism); Rkizobium radicicola 
Hiltner and Stormer (several species) 
and Rkizobium beijerinckii Hiltner and 
Stdrmer (from lupine, serradella and soy 
bean), Arb. Biol. Abt. f. I.And-u. Forst- 
wirthschaft a. K. Gesundheitsamte, 5, 
1903, 269; Pseudomonas radicicola Moore 
(all species), U. S. Dept. Agr. Bur. 
Plant Ind., Bui. 71,1905,27; Rhizomonas 
beijerinckii Orla-Jensen and Rhizomonas 
radicicola Orla-Jcnsen (sec Hiltner and 
Stdrmer), Cent. f. Bakt., II Abt., 22, 
1909, 328; Bacillus or Bacterium radici¬ 
cola Lohnis and Hansen (peritrichous 
species). Jour. Agr. Research, 20, 1921, 
554; Rkizobium radicicolum Bergey et al.. 
Manual, 1st ed., 1923, 40 (monotrichous 
species); Rkizobium loti Dangeard (from 
lotus), Rkizobium simplex Dangeard 
(from sainfoin), Rkizobium lorulosum 
Dangeard (from Scotch broom), I^ 
Botaniste, S5r. 16, 1926, 195-197. 

Rods: 0.5 to 0.9 by 1.2 to 3.0 microns. 
Motile with peritrichous flagella. Bac- 
teroids commonly irregular with x, y, 
star- and club-shaped forms. Vacuolate 
forms predominate. Gram-negative. 

Growth on mannitol agar is rapid, with 
tendency to spread. Streak is raised, 


glistening, semi-translucent, white, slimy 
and occasionally viscous. Considerable 
gum is formed. 

Slight acid production from glucose, 
galactose, mannose, lactose and maltose. 

Aerobic. 

Optimum temperature 25*C. 

Source: Root nodules on Lathyrus, 
Pisum (pea), Vicia (vetch) and Lens 
(lentil). 

Habitat: Widely distributed in soils 
where the above mentioned legumes are 
grown 

2. Rhlzobiumphaseoli Dangeard. (Le 
Botaniste, S4r. 16, 1926, 197.) From 
Latin, pkaseolus, bean; M. L. Phaseolus, 
a generic name. 

Rods: Motile with peritrichous fla¬ 
gella. Bacteroids are usually rod-shaped, 
often vacuolated with few branched 
forms. Usually smaller than in Rkizo¬ 
bium leguminosarum and R, trifolii. 
Gram-negative. 

Growth on mannitol agar is rapid with 
tendency to spread. Streak inoculation 
is raised, glistening, semi-translucent, 
white, slimy. Occasionally mucilagi¬ 
nous but this character is not so niarked 
as in Rkizobium trifolii. 

Very slight acid formation from glu¬ 
cose, galactose, mannose, sucrose and 
lactose. 

Aerobic. 

Optimum temperature 25^0. 

Source; Root nodules of Pkaseolus 
vulgaris (kidney bean), P. angustifolius 
(bean) and P. multiflorus (scarlet run¬ 
ner). (Burrill and Hansen, Ill. Agr. 
Exp. Sta. Bui. 202, 1917, 137.) 

Habitat: Widely distributed in the 
soils in which beans are grown. 

3. Rhlzobium trifolii Dangeard. (Le 
Botaniste, S6r. 16, 1926, 191.) From 
M. L. Trifolium, a generic name. 

Rods: Motile with peritrichous fla¬ 
gella. Bacteroids from nodules are pear- 
shaped, swollen and vacuolated. Rarely 
X and y shapes. Gram-negative. 
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Growth on mannitol agar is rapid. The 
colonies are white becoming turbid with 
age Frequently mucilaginous. Streak 
cultures transparent at first. Growth 
mucilaginous later hewing down the 
agar slant and accumulating as a slimy 
mass at the bottom. Produces large 
amounts of gum. 

Slight acid production from glucose, 
galactose, mannose, lactose and maltose. 

Aerobic. 

Optimum temperature 25®C. 

Source: Root nodules of species of 
Trifolium (clover). 

Habitat: Widely distributed in the 
soils where clover grows. 

4. Rhlzobium luplni (Schroeter) Eck- 
hardt, Baldwin and Fred. (Phytomyxa 
lupini Schroeter, in Cohn, Kryptogamen- 
Flora von Schlesien, S, I, 1886, 135; 
Rhizebium minimum Dangeard, Le Bo* 
taniste, S5r. 16^ 1926, 198; Eckhardt, 
Baldwin and Fred, Jour. Bact., tl, 1931, 
273.) From Latin, Lupmtis, lupine. 

Rods: Motile with hagella 1 to 4, usually 
2 or 3. Bacteroids are vacuolate rods, 
seldom if ever branched. Gram*negative. 

Growth on yeast water, mannitol agar 
is scant to moderate with alkaline 
reaction. 

Beef-peptone gelatin: Little growth 
with extremely slow liquefaction. 

On galactose an alkaline reaction serves 
to differentiate Rhizobium lupini from 
all fast-growing rhizobia {R, phaseoli, 
R. m^iloti, R. irifoliif and R. legumino- 
sarum). An initial alkaline reaction fol¬ 
lowed more quickly by an acid reaction 
on rhamnose and xylose separates R. 
lupini from slow-growing R. japonicum 
and the Rhizobium sp, from cow pea. 

In general Rhizobium lupini produces 
slight to moderate acidity on pentpse 
sugars and no change or alkaline reaction 
on hexoses, disaccharides and trisac- 
charides. 

Litmus milk: No serum zone, no re¬ 
duction, and a slight alkaline reaction. 


Meager growth on potato and parsnip 
slants, and carrot agar. 

Aerobic. 

Optimum temperature 25**C. 

Source: Root nodules on Lupinus 
(lupine), Serradella and Ornithopua, 

Habitat: Widely distributed in soils 
in which these legumes grow. 

5. Rhizobium japonicum (Kirchner) 
Buchanan. {Rhizobacierium japonicum 
Kirchner, Beitr^e zur Biol. d. Pflanzen, 
7, 1895, 213; Paeudomonaa japonica 
Lohnis and Hansen, Bacterium japoni¬ 
cum Ldhnis and Hansen, Jour. Agr. 
Res., BOy 1921, 551; Rhizobium aojae 
Dangeard, Le Botanistc, S4r. 16y 1926, 
200; Buchanan, Proc. Iowa Acad. Sci., 
35, 1926, 81.) From M. L., of Japan. 

Rods: Motile with monotrichous fla¬ 
gella. Bacteroids of nodules are long 
and slender with only occasional branched 
and swollen forms. Gram-negative. 

Growth on mannitol agar is slow and 
scant. The streak is slightly raised, 
glistening, opaque, white, butyrous, with 
little gum formation. 

Pentose sugars give better growth than 
the hexoses. 

Little if any acid formed from carbo¬ 
hydrates. Acid slowly formed from 
xylose and arabinose. 

Aerobic. 

Optimum temperature 25^0. 

Source: Root nodules on Soja max 
(soy bean). 

Habitat; Widely distributed in soils 
where soy beans are grown. 

6. Rhizobium meliloti Dangeard. (Le 
Botanists, S6r. 13, 1926, 194.) From 
Greek, melilot, a kind of clover; M. L., 
Melilotua, 

Rods: Motile with peritrichous fla¬ 
gella. Bacteroids club-shaped and 
branched. Gram-negative. 

Growth on mannitol agar is fairly rapid. 
The streak is raised, glistening, opaque, 
pearly white, butyrous. Considerable 
gum is formed. 
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Acid from glucose, galactose, mannose 
and sucrose. 

Aerobic. 

Optimum temperature 25*’C. 

Source: Root nodules of MelilotuB 
(sweet clover), Medicago ,and Trigonella. 

Habitat: Widely distributed in soils 
in which these legumes grow. 


Note : See Monograph on Root Nodule 
Bacteria and Leguminous Plants by £. 
B. Fred, I. L. Baldwin and Elizabeth 
McCJoy, University of Wisconsin Studies 
in Science, IVfadison, No. 5, 1932, xx + 
343 pp. for a more complete discussion of 
this group with an extensive bibliogra- 
phy. 


Oenu8 //. Agrobacterium Conn,* 

(Jour. Bact., 1942, 359.) From Greek, agrus, a held; M.L., bacterium, a small 

rod. 

Small, short rods which are typically motile with 1 to 4 peritrichous flagella (if 
only one flagellum, lateral attachment is as common as polar). Ordinarily Gram¬ 
negative. On ordinary culture media, they do not produce visible gas nor sufficient 
acid to be detectable by litmus. In synthetic media, enough COj may be produced to 
show acid with brom thymol blue, or sometimes with brom cresol purple. Gelatin 
is either very slowly liquefied or not at all. Free nitrogen cannot be fixed; but other 
inorganic forms of nitrogen (nitrates or ammonium salts) can ordinarily be utilized. 
Optimum temperature, 25® to 30®C. Habitat: Soil, or plant roots in the soil; or the 
stems of plants where they produce hypertrophies. 

The type species is Agrobacterium tumefaeiens (Smith and Townsend) Conn. 


Key to the species of genus Agrobacterium. 

I. Plant pathogens. Produce browning of mannitol-calcium-glycerophosphate agar. 
Nitrate reduction weak or none. 

A. Nitrite produced from nitrate to a slight extent. Galls produced on plant roota. 

1. Agrobacterium tumefaciens, 

B. Nitrite not produced from nitrate. 

1. Pathogenic to apples. 

2. Agrobacterium rhizogenes, 

2. Pathogenic to raspberries and blackberries. 

3. Agrobacterium rubi. 

II. Not pathogenic to planta. Produces browning m mannitol-calcium-glycerophoS' 
phate agar. Nitrate reduction vigorous, with disappearance of the nitrate. 

4. Agrobacterium radiobacter. 


1. Agrobacterium tumefaciens (Smith 
and Townsend) Conn. (Bacterium tume- 
faeiens Erw. Smith and Townsend, Sci¬ 
ence, N. S. FJ, 1907, 672; Pseudomonas 
tumefaciens Stevens, The Fungi which 
Cause Plant Disease, 1913, 35; Bacillus 
tumefaciens Holland, Jour. Bact., 5, 1920, 
220; not Bacillus tumefaciens Wilson, 
Lancet, i, 1910, 675; Phytomonas tume- 
faeiens Bergey et al.. Manual, 1st ed.. 


1923, 189; Conn, Jour. Bact., -4, 1942, 
359.) From I^atin tumefaciens, swell¬ 
ing up, producing a tumor. 

Probable synonyms: Bacillus ampelop- 
sorae Trevisan, in Saccardo, Sylloge 
Fungorum, 8, 1889, 983; Bacillus am- 
pelopsorae Trevisan emend, Cavara, Staz. 
Sperim. Agara. Ital. Modena, SO, 1897, 
483; see Elliott, Bact. Plant ^thogens, 
1930, 235. 


* Prepared by Prof. H. J. Cbnn, New York State Experiment Station, Geneva, 
New York, September, 1943. 
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Among the synonyms listed in previous 
editions of the Manual haa been Poly- 
monas tumefaeiens Lieske, Cent. f. 
Bakt., I Abt., Orig., 108, 1928,118. This 
is only a partial synonym, however, as 
its author described it as the cause of 
animal and human cancer, of which he 
regarded crown-gall of plants as merely 
a phase: for the origin of this theory, see 
Smith and Townsend, Sci., N.S. 1907, 
671, and Smith, Jour. Cancer Res., 7, 
1922, 1-105. 

Description taken from the following: 
Riker, Banfield, Wright, Keitt and 
Sagen, Jour. Agr. Res., 41* 1930, 507; 
Sagen, Riker and Baldwin, Jour.Bact., 
88, 1934, 571; Hendrickson, Baldwin and 
Riker, Jour. Bact., £8, 1934, 597. 

Rods: 0.7 to 0.8 by 2.5 to 3.0 microns, 
occurring singly or in pairs. Capsules. 
Motile with 1 to 4 flagella. Gram¬ 
negative. 

Agar colonies: Small, white, circular, 
smooth, glistening, translucent, entire. 

Broth: Slightly turbid, with thin pel¬ 
licle. 

Litmus milk: Slow coagulation. Lit¬ 
mus reduced. Neutral to alkaline. 

Nitrites produced from nitrates to a 
very slight extent. 

Indole: Slight amount. 

Slight acid from glucose, fructose, 
arabinose, galactose, mannitol and salicin. 

Starch not hydrolyzed. 

Optimum temperature 25^ to 28^C. 

Facultative anaerobe. 

Distinctive characters: Causes a gall 
formation parenchymatous in character 
which because of its soft nature is sub¬ 
ject to injury and decay. 

Agrohacterium tumefaeiens strongly ab¬ 
sorbs Congo red and aniline blue in con¬ 
trast to little or. no absorption by A. 
rhizogenes. A, tumefaeiens makes abun¬ 
dant growth on sodium selenite agar and 
calcium glycerophosphate medium with 
mannitol in contrast to no growth or a 
very slight trace by A, rhizogenes (Hen¬ 
drickson et al., Jour. Bact., 88, 1934, 
W). 


Source: Isolated from galls on plants. 

Habitat: Causes galls on Paris daisy 
and cross-inoculable on over 40 families. 

2. Agrobacterium rhizogenes (Riker 
et al.) Conn. {Bacterium rhizogenes 
Riker, Banfield, Wright, Keitt and Sagen, 
Jour. Agr. Res., 41, 1930, 536; Phyto- 
monos rhizogenes Riker et al., ibid,, 
536; Pseudomonas rhizogenes Riker et 
al., ibid. 536; Conn, Jour. Bact., 44^ 1942, 
359.) From Greek, rhiza, root; genes, 
producing. 

Rods: 0.4 by 1.4 microns, occurring 
singly. Motile w'ith one to 4 flagella. 
Encapsulated. Not acid-fast. Gram¬ 
negative. 

Gelatin: No liquefaction. 

Agar colonies: Circular, smooth, con¬ 
vex, finely granular; optical characters, 
translucent through gray to almost white. 

Agar slant: Moderate, filiform, trans¬ 
lucent, raised, smooth, slimy. 

Broth: Turbid, with heavy pellicle. 

Litmus milk: Acid, slow reduction. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but not gas from arabinose, xy¬ 
lose, rhamnose, glucose, galactose, man¬ 
nose, maltose, lactose, salicin and ery- 
thritol. No acid or gas from fructose, 
sucrose, raflinose, melezitose, starch, 
dextrin, inulin, aesculin, dulcitol or man¬ 
nitol. 

Starch not hydrolyzed. 

Optimum temperature 20® to 28®C. 

Aerobic. 

Distinctive characters: Agrohacterium 
rhizogenes differs from Agrobacterium 
tumefaeiens by stimulating root forma¬ 
tion instead of soft parenchymatous 
crown galls. A, rhizogenes lacks ability 
of A. tumefaeiens to utilize simple 
nitrogenous compounds as KNO|. A. 
rhizogenes'absorbs coilgo red and brom 
thymol blue slightly and aniline blue not 
at all. Will not grow on sodium selenite 
agar (see A, tumefaeiens for response 
to same materials). Does not infect 
tomato. 
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Sources: Description made from ten 
cultures isolated from hairy-root of apple 
and other plants. 

Habitat: Pathogenic on apple, etc. 

3. Agrobacterium rubl (Hildebrand) 
Starr and Weiss. (Phytomonas rvbi 
Hildebrand, Jour. Agr. Res., 61, 1940, 
604; Bacterium rubi Hildebrand, ibid., 
694; Psevdomonaa rubi Hildebrand, ibid., 
694; Banfield, Phytopath., 20, 1930, 123; 
Pinckard, Jour. Agr. Res., 60, 1935, 933; 
Starr and Weiss, Phytopath., SS, 1943, 
316.) From Latin, rubus, blackberry 
bush; M. L., Rubua, a generic name. 

Rods: 0.6 by 1.7 microns. Singly, in 
pairs or short chains. Motile with 1 to 4 
flagella. Gram-negative. 

Gelatin: No liquefaction. 

Potato-mannitol-agar slants: Growth 
slow, moderate, filiform, white to creamy- 
w’hite, with butyrous consistency later 
becoming leathery. 

Broth: Turbid in 36 to 48 hours. 

Milk: A slight scrum-zone, pink color, 
acid and curd formed. 

Nitrites not produced from nitrates. 

Ferric ammonium citrate, uric acid, 
oxamide, succinimidc, 1-asparagine, 1- 
tyrosiuc, l-cystine, d-glutamic acid and 
yeast extract can be used as a source of 
nitrogen (Pinckard, foe. cii.). 

Hydrogen sulfide not formed. 

Indole not formed. 

Acid from glucose, d-galactose, d- 
mannosc, d-fructose, d-xylose, d-arabin- 
ose, sucrose, and maltose. None from 
lactose (Pinckard, loc. cit.). 

Starch not hydrolyzed. 

Optimum temperature 28®C. Mini¬ 
mum 8®C. and maximum 36®C. (Pinck¬ 
ard, loc. cit.). 

Distinctive characters. Differs from 
Agrobacterium tumefaciena in that it 
does not utilize nitrates, and grows much 
more slowly on ordinary media. ’ Infects 
only members of the genus Rubua. Starr 
and Weiss (Phytopath., 55, 1943, 317) 
state that this species unlike Agrobae- 
tumefacien» and AgrobacUritm 


rhizogenea does not utilize asparagin as a 
sole source of carbon and nitrogen. 

Source: Isolated by Banfield (foe. cU.) 
and by Hildebrand (loc. cit.) from rasp¬ 
berry canes, Rubua app. 

Habitat: Pathogenic on black and 
purple cane raspberries, and blackberries, 
and to a lesser extent on red raspberries. 

4. Agrobacterium radlobacter (Bei- 
jerinckand van Delden) Conn. (BaeiUua 
radiobacter Beijerinck and van Delden, 
Cent. f. Bakt., II Abt., 9, 1902, 3; Bac¬ 
terium radiobacter Lohnis, Cent. f. Bakt., 
II Abt., H, 1905, 589; Rhizobium radio¬ 
bacter Pribram, Klassifikation der Schizo- 
myceten, Leipzig, \9ZZ,5S;Achromobacter 
radiobacter Bergey et al., Manual, 4 th ed., 
1934 , 230; Alcaltgenea radiobacter Conn, 
in Manual, 5th ed., 1939, 97; Conn, Jour. 
Bact., 44, 1942,359.) From Iji tin, rodius, 
the spoke of a wheel; Latin, bactrum, 
a rod. 

Small rods, 0.15 to 0.75 by 0.3 to 2.3 
microns, occurring singly, in pairs and 
under certain conditions, in star-shaped 
clusters. Motile with one to four flagella. 
Prevailingly Gram-negative; but an occa¬ 
sional culture is variable. 

Nutrient gelatin stab: No liquefaction. 

Agar slant: Flat, whitish slimy layer. 

Mannitol-calcium-glycerophosphate- 
agar streak plates: Abundant, raised, 
slimy growth surrounded by a brown 
halo with an outer zone of white precip¬ 
itate (Riker et al., Jour. Agr. Res., 4^$ 
1930, 5^4). 

Broth: Turbid; with heavy ring or 
pellic]e if veal infusion is present. 

Litmus milk: Serum zone wdth pellicle 
in one w'eek; usually turns a chocolate 
brown in 2 weeks; same in plain milk, 
but with less browning. 

Potato: Raised slimy mass becoming 
brownish; potato may be browned. 

Nitrates disappear (assimilated or 
reduced). 

Starch not hydrolyzed. 

No organic acid or visible gas from 
sugars; nearly all sugars, glycerol and 
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mannitol are utilized with the produc- 
tion of COt. 

Optimum temperature 28®C. Mini¬ 
mum near 1®C. Maximum 45®C. 

Aerobic. 

Media containing KNOj, KjHP04, and 
glycerol, ethyl or propyl alcohol become 
alkaline to phenol red. (Sogen, Riker 
and Baldwin, Jour. Bact., 28, 1934, 571.) 

Growth occurs in special alkaline media 
of pH 11.0 to 12.0 (Hofer, Jour. Amer. 
Soc. Agron., 27, 1935, 228). 

Hydrogen sulfide produced if grown in 
ZoBell and Feltham’s medium (Jour. 
Bact., 28, 1934, 109). 

Distinctive characters: Browning of 
mannitol-calcium-glycerophosphate agar. 
Inability to (^usc plant disease or to 
produce nodules on roots of legumes. 
Complete utilization (disappearance of 
nitrate) in the peptone-salt medium of 
Riker et al. (Jour. Agr. Res., 1930, 
529) and failure to absorb congo red 
(ibid., 528). 

The species bears at least superficial 
resemblances to certain Rhizobium spp., 
but may be distinguished from them by 
the first two characters listed above, and 
the following in addition: Growth at a 
reaction of pH 11-12. Heavy ring or 
pellicle formation on veal infusion broth. 
HsS production in the mannitol-tryptone 
medium of ZoBell and Feltham {loc, cit,). 
Production of milky white precipitate 
on nitrate-glycerol-soil-extract agar. 

Source: Isolated from soil. 

Habitat: Soil, around the roots of 
plants, especially legumes. 

Note: Palacios and Bari (Proc. Indian 
Acad. Sci., S, 1936, 362; Abs. in Cent. f. 
Bakt., II Abt., 95, 1937, 423) have de¬ 
scribed Bacillus concomitans as a sym¬ 
biont from legume nodules that has no 
power to fix nitrogen although it is very 
much like legume nodule bacteria (Rhizo- 
hium spp.). This organism resembles 
Agrobacterium radiobacter. 


Appendix: The following species prob¬ 
ably belong in Agrobacterium, but are not 
sufficiently well described to make their 
relationship certain. 

1 . Agrobacterium gypsophllae (Brown) 
Starr and Weiss. {Bacterium gypsophUae 
Brown, Jour. Agr. Res., ^8, 1934, 1169; 
Pseudomonas gypsophUae Stapp, Bot. 
Rev., i, 1935, 407; Phytomonas gypso- 
philae Stapp, ibid., 407; Starr and Weiss, 
Phytopath., SS, 1943, 316.) From M. L., 
Gypsophila, a generic name. 

Rods: 0.2 to 0.8 by 0.4 to 1.4 microns. 
Motile with 1 to 4 flagella. Capsules. 
Gram-negative. 

Gelatin : Liquefaction slow, beginning 
after 1 month. 

Beef-infusion agar colonies: Circular, 
Naples yellow, smoother rough, butyrous. 

Broth: Turbid in 24 hours. 

Milk: Coagulation and peptonization. 

Nitrites are produced from nitrates. 

Indole not produced. 

Hydrogen sulfide: A trace may be 
produced. 

Acid but not gas from glucose, sucrose, 
maltose, mannitol and glvcerol. No acid 
from lactose. 

Starch not hydrolyzed. 

Aerobic, facultative. 

Distinctive characters: Differs from 
Xanihomonas beticola in starch hydrol¬ 
ysis, H3S production, and will not cross- 
inoculate with this species. 

Source: Isolated from several galls on 
Gypsophila. 

Habitat: Produces galls in Gypsophila 
paniculata and related plants. 

2. Bacterium pseudotsugae Hansen and 
Smith. (Hansen and R .£. Smith, Hil- 
gardia, 10, 1937, 576; Phytomonas pseu¬ 
dotsugae Burkholder, in Manual, 5th ed., 
1939, 209.) From M. L., Pseudotsuga^ 
a generic name. 

Rods: 0.5 to 1.5 by 1.9 to 3.9 microns. 
Probably motile; type of flagellation 
doubtful. Gram-negative. 

Gelatin: Liquefied. 
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Nutrient agar slant: Growth scanty, 
flat, glistening, smooth, translucent, 
whitish. 

Broth: Growth slight. No sediment. 
Milk: No acid. 

Nitrites produced from nitrates. 
Hydrogen sulfide production slight. 
Acid but not gas from glucose, fruc¬ 


tose, galactose and maltose. No acid or 
gas from lactose, sucrose or glycerol. 

Starch not hydrolyzed. 

Facultative aerobe. 

Source: Isolated from galls on Douglas 
fir in California. 

Habitat: Pathogenic on Douglas fir, 
Paeudotauga taxifolia. 


Oenua III, Chromobacterium Bergomini,* 

(Ann. Societa d. Naturalist! in Modena, Ser. 2, H, 1881, 153.) Greek, chroma, 
color; ^f. L., bacterium, a small rod. 

Rods, 0.4 to 0.8 by 1.0 to 5.0 microns. Motile with 1 to 4 or more flagella. Gram¬ 
negative. A violet pigment is formed which is soluble in alcohol, but not in vrater or 
chloroform. Grow on ordinary culture media, usually forming acid from glucose, 
sometimes from maltose, not from lactose. Gelatin is liquefied. Indole is not pro¬ 
duced. Nitrate usually reduced to nitrite. Optimum temperature 20-25®C. but 
some grow’ well at 37®C. Usually saprophytic soil and water Imcteria. 

The type species is Chromobaclerium violaceum (Sehroeter) Bergonzini. 


Key to the apeciea of genua Chromobacterium. 

I. Motile rods. Single flagellum. 

A. Acid from glucose and maltose. No acid from sucrose. Nitrites produced 
from nitrates. No growth at 37®C. 

1. Chromobacterium violaceum, 

II. Motile rods. Flagella generally peritrichous. 

A. Acid from glucose. Nitrites generally not produced from nitrates. Good 


growth at 37®C. 

B. Generally no acid from glucose, 
growth at 37®C. 

1. Chromobacterium violaceum 
(Sehroeter) Bergonzini. (Bacteridium 
violaceum Sehroeter, Beitrfige z. Biol. d. 
Pflanzen, /, Heft 2, 1872, 126; Micro- 
coccua violaceua Cohn, Beitrfige z. Biol, 
d. Pflanzen, /, Heft 2, 1872, 157; Cromo- 
bacterium violaceum (sic) Bergonzini, 
Ann. Societa d. Naturalisti in Modena,* 
Ser. 2, Uf 1881, 153; Bacillua violaceua 
Sehroeter, Kryptogamen-Flora von Schle- 
sien, 5, 1886, 157; Streptococcua violaceua 
Trevisan, I generi e le specie delle 


2. Chromobacterium ianthinum. 

Nitrites produced from nitrates. No 

3. Chromobacterium amethyatinum, 

Batteriacee, 1889, 31; Paeudomouaa 

violacea Migula, Arb. a. d. Bakt. Inst. 
Karlsruhe, /, 1894 , 237; Bacterium vio¬ 
laceum Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., t, 1896, 58; see 2 Aufl.. F, 
1899, 262.) From Latin, violaceua, 
violet-colored. 

Note : Bacterium ianthinum Zopf (Dio 
Spaltpilze, 1885,68) has been regarded as 
identical with the above organism 
by Sehroeter (Kryptogamen-Flora von 
Schlesien, 5, 1, 1886, 157), and by Leh- 


* Adapted by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York from Cruess-Callaghan and Gorman, Scientific Proc. Royal Dublin Society, 
fl, 1986, 213 in Jan. 1938; further revision, July, 1945 by Robert S. Breed with the 
assistance of Capt. W. C. Tobie, 8n. C., Old Greenwich, Conn. 
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mann and Neumann (Bakt. Diag., 1 
Aufl., 1806, 266; also 7 Au6., 2, 1927, 
463). Lehmann and Neumann (2oc. ciL) 
Aliift consider Bacillus violaceus laurenti- 
cu$ Lustig (Diagnostik der Bakterien des 
Wassers, 1893, 103) as being identical 
with Bacterium violaceum. 

Slender rods: 0.8 to 1.0 by 2.0 to 5.0 
microns, occurring singly and in chains. 
Motile, with a single flagellum. Gram- 
negative. 

Gelatin colonies: Circular, gray, entire 
margin, assuming a violet color in the 
center. 

Gelatin stab: Infundibuliform lique¬ 
faction with violet sediment in fluid. 

Agar colonies: Whitish, flat, glistening, 
moist, becoming violet. 

Agar slant: Deep, violet, moist, shiny 
spreading growth. 

Broth: Slightly turbid, with violet 
ring and ropy sediment. 

Litmus milk: Violet pellicle. Diges¬ 
tion. Alkaline. 

Potato: Limited, dark violet growth. 

Ldffler’s blood serum: Slowly liquefied. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose and usually from 
maltose. No acid from lactose or sucrose. 

Aerobic, facultative. 

Optimum, temperature 25® to 30®C. 
No growth at 37®C. Slight growth at 
2® to 4®C. 

Source: Originally grown on slices of 
cooked potato exposed to air contamina¬ 
tion, and incubated at room temperature. 

H^itat: Water. 

2. Chromobacterium lanthinum (Zopf) 
Holland. (Bacterium ianthinum Zopf, 
Die Spaltpilze, 2 Aufl., 1884,62; Bacillus 
janihinus Fliigge, Die Mikrooiganismen, 
1886,291; Bacteridium ianthinum Schroe- 
ter, Kryptogamen Flora von Schlesien, 
3, 1, 18%, 157; Pseudomonas ianthina 
Migula, Syst. d. Bakt., 3,1900,941; Pseu¬ 
domonas jantkina Chester, Man. Determ. 
Bact., 1901,317; Holland, Jour. Bact., 5, 
1920, 222.) From Greek, iarUhinvo^ 
videt-blue* 


Rods: 0.5 to 0.8 by 1.5 to 5.0 mi^rous, 
occurring singly. Motile with peritri- 
chous flagella. Gram-negative. 

Gelatin colonies: Circular, yellow, 
becoming violet. 

Gelatin stab: White to violet surface 
growth. Infundibuliform liquefaction. 

Agar colonies: Creamy center, violet 
margin. 

Agar slant: Yellowish, moist, glisten¬ 
ing, becoming deep violet. 

Broth: Turbid, with light violet pel¬ 
licle. 

Litmus milk: Slow coagulation with 
violet cream layer. Litmus decolorized 
from below. 

Potato: Violet to violet-black, spread¬ 
ing growth. 

Indole not formed. 

Nitrites generally not produced from 
nitrates. 

Acid from glucose. No acid from 
maltose, lactose and sucrose. 

Aerobic, facultative. 

Optimum temperature 30®C. Grows 
well at 37®C. No growth at 2 to 4®C. 

Source: Originally grown on pieces of 
pig's bladder floated on badly contam 
inated water. 

Habitat: Water and soil. This may 
be the species that causes a fatal septi¬ 
cemia in animals and man. Sec Chromo- 
bacterium violaceum manilae. 

3. Chromobacterium amethystinum 
(Chester) Holland. (Bacillus membra- 
naceus amethyslinus Eisenberg, Bakt. 
Diag., 1891, 421; Bacterium amethyslinus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 117; Bacterium membrana- 
ceus amethyslinus Chester, ibid.^ 13S: 
Bacillus amethyslinus Holland,^ Jour. 
Bact., J, 1920, 217; not Bacillus amethys- 
tinus Chester, foe. ctf., 262; Holland, 
loc, cit,/2!22; Bacterium membranaceum 
amethystinum Lehmann and Neumann, 
Bakt. Diag., 7 Aufl., 3, 1927, 463; Bac¬ 
terium violaceum amethystinum Cruess- 
Callaghan and Gorman, Sci. Proc. Royal 
Dublin Society, 3/, 1935, 219.) From 
Greek, bluish-violet, amethsrst. 
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Hods: 0.5 to 0.8 by 1.0 to 1.4 microns, 
occurring singly. Motile with a single 
or occasionally with peritrichous flagella. 
Gram-negative. 

Gelatin colonies: Thin, bluish, becom¬ 
ing violet, crumpled. 

Gelatin stab: Heavy, violet-black pel¬ 
licle. Liquefied. 

Agar colonies: Deep violet, surface 
rugose. 

Agar slant: Thick, moist, yellowish- 
white, becoming violet with metallic 
luster. 

Broth: Pellicle with violet sediment, 
fluid becoming violet. 

Litmus milk: Violet pellicle. Diges¬ 
tion turning alkaline. 

Potato: Deep violet, rugose spreading 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Usually no acid from glucose, maltose 
and sucrose. No acid from lactose. 

Aerobic, facultative. 

Optimum temperature 30®C. No 
growth at 37®C. Good growth in 7 days 
at 2 to 4®C. 

Original source: Found once by Jolles 
in spring water from Spalato. 

Habitat: Water. 

Appendix: The following organisms 
have been assigned to this genus or are 
believed to belong here. Additional 
comparative studies are badly needed. 

Bacillus cyaneo-fuscus Beijerinck. 
(Beijerinck, Bot. Ztung., 49y 1891, 704; 
Bacterium cyanofuscus Chester, Ann. 
Kept. Del. Col. .Vgr. Exp. Sta., 5, 1897, 
116 and 132.) From black glue, blue 
Edam cheese, water and soil. 

Bacillus laemus Schrocter. (Schrocter 
in Cohn, Kryptogamen-Flora von Schle- 
sien, 5, 1, 1889, 158.) In greenhouse on 
fresh paint. 

Bacillus lilacinus Mace. (Trait4 Pra¬ 
tique Bact., 6* 4d., f, 1913, 416.) From 
water. 

Bacillus mernhranaceus amethystinus 
mobilis Germano. (Germano, Cent. f. 
Bakt., IS, 1892, 516; Bacillus amethysii- 


nus mobilis Kruse, in Fitigge, Die 
Mikrooiganismen, 3 Aufl., i?, 1896, 313; 
Bacterium amethystinus mobilis Chester, 
Ann. Ilept. Del. Col. Agr. Exp. Sta., 
9y 1897, 117; Bacterium tnembranaceus 
mobilis Chesiter, ibid., 138.) Pseudo¬ 
monas amethystina Migula, Syst. d. 
Bakt., 2y 1900, 944; Bacillus amelhys- 
tinus Chester, Man. Determ. Bact., 1901, 
262.) From dust. 

Bacillus pavoninus Forster. (Forster, 
in van der Sleen, Sur Pexomen bact4rio- 
logique qualitatif de Peau. Arch. Teyler, 
S4r. 2, Tome 4, 3 partie, 1894, No. 59, 
Haarlem, Hcritiere lioosjes. Also see 
Godfrin, Th^se, Nancy, 1934, 46.) 
Causes blue discoloration of Edam cheese. 

Bacillus polychromogenes Chamot and 
Thiry. (Bacille polychrome, Thiry, 
Compt. rend. Soc. Biol., Paris, 48, 1896, 
885; Chamot and Thiry, Bot. Gaz., SO, 
1900, 378.) From well wrater at Nancy. 
Probably a Pseudomonas (Tobie, per¬ 
sonal communication). 

Bacillus violaceus Frankland and 
Frankland. (Frankland and Frankland, 
Ztschr. f. Hyg., 8,1888,394; Pseudomonas 
pseudoianthina Migula, Syst. d. Bakt., 
2y 1900, 942.) Isolated from tap water. 
Said to produce spores. 

Bacillus violaceus laurentius Jordan. 
(Jordan, Mass. State Bd. Health Kept., 
1890. 838; Bacterium violaceus laurentius 
(-hester, Ann. Kept. Del. C’ol. Agr. 
Exp. Sta., 9y 1897, 117; Pseudomonas 
laurentia Migula, Syst. d. Bakt., 8, 
1900, 944; Bacillus ' violaceus Chester, 
Man. Determ. Bact., 1901, 262; Chroma- 
bacterium violaceum laurentium Ford, 
Toxtb. Bact., 1927, 470.) Isolated from 
sewage^ effluent. 

Bacillus violaceus lutetiensis Kruse. 
(Ivruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 8, 1896, 311; Bacillus luUtiensis 
Chester, Man. Doterm. Bact., 1901, 306; 
Chromobacterium violaceum luUtiense 
Ford, Textb. Bact., 1927, 470.) From 
water. 

Bacillus violaceus sarioryi Waeldelo. 
(Th^se, Pharm. Strasbourg, 1938, 55.) 
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From dental pus. Said to form spores. 

Bacterium crUtallino violaceum Chol- 
kevitch. (Cholkevitch, 1922, quoted 
from Godfrin, Contribution a I’^tude des 
bact^ries bleues et violettes. Th^se, 
Nancy, 1934, 93.) From peat. 

Chramohacierium hamptonii Bergey e t al. 
{BaciUuc membranaceuc amethystinus //, 
Bampton, Cent. f. Bakt., 1 Abt., Orig., 
71, 1913, 137; Bergey et al.. Manual, Ist 
ed., 1923, 119; Chromobacterium mem- 
branaceum amethystinum II Ford, Textb. 
Bact., 1927, 473.) From water. 

Chromobacterium coeruleum (Voges) 
Bergey et al. (Bacillus coeruleus Voges, 
Cent. f. Bakt., 14, 1893, 303; Bacterium 
coeruleus Chester, Ann. Kept. Del. Col 
Agr. Exp. Sta., P, 1897, \ V7\ Pseudomonat 
coerulea Migula, Syst. d. &kt., f, 1900 
945; Bergey et al.. Manual, 1st ed., 1923, 
120.) From water. 

Chromobacteriuni cohaerens Grimes. 
(Sci. Proc. Royal Dublin Society, 19, 
1930, 381.) From well water. 

Chromobacterium hibemicum Grimes. 
(Sci. Proc. Royal Dublin Society, 19, 
1930, 381.) From well water. 

Chromobacterium lividum (Voges) Hol¬ 
land. (Plagge and Proskauer, Zcitsch. 
f. Hyg., f, 1887, 403; Bacillus lividus 
Voges, Cent. f. Bakt., 14, 1893 , 303; 
relationship to Bacillus lividus Zimmer> 
mann uncertain. Die Bakt. unserer 
Trink- und Nutzwasser, Chemnitz,-P, 
1894, 18; Bacillus violaceus berolinensis 
Kruse, in Flugge, Die Mikroorganismen, 
3 Aufi., P, 1896, 311; Bacterium lividus 
Chester, Ann. Rept. Del. Col, Agr. Exp, 
Sta., 9, 1897, 117; Bacillus berolinensis 
Chester, Man. Determ. Bact., 1901, 305; 
Holland, Jour. Bact., 5, 1920,* 215.) 
From water. 

Chromobacterium maris-mortui Ela- 
sari-Volcani. (Studies on the Micro¬ 
flora of the Dead Sea, Thesis, Hebrew 
Univ., Jerusalem, 1940, vii and 76.) 
From the Dead Sea. 

Chromobacterium membranaceum Ber¬ 
gey et al. (BacUlue membranaceus ame^ 
thystinus I, Bampton, Cent. f. Bakt., I 
Abt., Orig., 71, 1913,135; Bergey et al., 
Manual, Ist ed., 1923, 119; Chromebae- 


terium membranaceum amethystinum I 
Ford, Textb. Bact., 1927, 472.) From 
water. 

Chromobacterium membranaceum ame* 
thystinum III Ford. (Ford, Textb. 
Bact., 1927, 474; Bcuiillus membranaceus 
amethystinus III Bampton, Cent. f. 
Bakt., I Abt., Orig., 71, 1913,138.) From 
water. 

Chromobacterium membranaceum ame¬ 
thystinum IV Ford. (Ford, Textb. 
Bact., 1927, 474; Bacillus membranaceus 
amethystinus IV Bampton, Cent. f. 
Bakt., I Abt., Orig., 71, 1913,138.) From 
water. 

Chromobacterium smithii (Chester) 
Bergey et al. (Bacillus coeruleus Smith, 
Medical News, 2, 1887, 758; Bacterium 
coeruleus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897,118; Pseudomonas 
smithii Chester, Man. Determ. Bact., 
1901, 318; Chromobacterium coeruleum 
Ford, Textb. Bact., 1927, 475; not Chro- 
mobacterium coeruleum Bergey et al., 
Manual, Ist ed., 1923, 120; Bergey et al., 
ibid,, 121.) From water. 

Chrorhabacterium violaceum manilae 
Ford. (Bacillus violaceus manilae Wool - 

ley, U. S. Dept. Int., Bur. Govt. Labs. 
Bull. 15, 1904 and Bull. Johns Hopkins 
Hosp., 16, 1905, 89; Ford, Textb. !^ct., 
1927, 471.) Isolated from fatal septice¬ 
mias in water buffalo (Woolley) and man 
(Schattenberg and Harris, Jour. Bact., 
44, 1942,509). More likely to be a variety 
of Chromohacterium ianthinum which 
grows at 37°C. than of C. violaceum which 
does not grow at 37^C. 

Chromohacterium viscofucatum (Harri- 
sop and Barlow) Bergey et al. (Bacterium 
viscofucatum and Bacillus viscofucatus ^ 
Harrison and Barlow, Cent. f. Bakt., II 
Abt., IS, 1905, 517; Trans. Royal Soc. 
Canada, 2nd Ser., It, 1905; Bergey et al.. 
Manual, Ist ed., 1923, 119.) From oily 
butter. Probably a non-motile Pseudo¬ 
monas (Tobie, personal communication). 

Chromobacterium viscosum Qrimes. 
(Cent. f. Bakt., II Abt., 7$, 1927, 367.) 
From butter. 

Pseudomonas pseudoviolacea Migula. 
(Syst. d. Bakt., f, 1900, 943.) Fran 
liver water. 
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FAMILY V. MICROCOCCACEAE PRIBRAM.* 

(Jour. Bact., 18, 1029, 385.) 

Cells without endosporcs except in Sporosarcina, Cells in their free condition 
spherical; during division somewhat elliptical. Division in two or three planes. If 
the cells remain in contact after division, they are frequently Battened in the plane 
of last division. They occur singly, in pairs, tetrads, packets or irregular masses. 
Motility rare. Generally Gram-positive. Many species form a yellow, orange, pink 
or red pigment. Most species are preferably aerobic, producing abundant growth on 
ordinary culture media, but capable of slight anaerobic growth. A few species are 
strictly anaerobic. Metabolism hcterotrophic. Carbohydrates are frequently fer¬ 
mented to acid. Gelatin is often liquefied. Facultative parasites and saprophytes. 
Frequently live on the skin, in skin glands or skin gland secretions of Vertebrata, 

Key to ike genera of family Micrococcaceae. 

I. Cells occur in plates, groups or in irregular packets and masses, never in chains. 
Pigment, when present, is yellow, orange or red. Gram-positive to Gram- 
negative. 

Genus I. Micrococcus, p. 235. 

II. On the animal body and in special media cells occur as tetrads. In ordinary 
media cells may occur in pairs and irregular masses. White to pale yellow. 

Genus II. Gaffkya, p. 283. 

III. Cells occur in regular packets. Yellow or orange pigment usually formed. 

Genus III. Sarcina, p. 285. 

Genus /. Micrococcus Cohn,* 

((3ohn, Beitrage z. Biol. d. Pflanzen, /, Heft 2, 1872, 153; Microsphaera Cohn, 
Arch. f. path. Anat., 55, 1872, 237; not Microsphaera L6veill^, Ann. Sci. Xat. Bot., 
S5r. 3, t6, 1851, 381; Ascococcus Cohn, Beitrage z. Biol. d. Pflanzen, /, Heft 3, 1875, 
154; Pediococcus Balcke, Wchnschr. f. Brauerei, /, 1884, 183; Merista Van Tieghem, 
Trait6 de Botanique, Paris, 1884, 1114; Staphylococcus Rosenbach, Mikroorganismen 
bei den Wundinfektions-krankheiten des Menschen, 1884, 27; Monococcus Miller, 
Deutsch. med. Wchnschr., 18, 1886, No. 8, 117; Botryomyces Bollinger, Deutsch. 
Ztschr. f. Tiermed., IS, 1887,77; Urococcus Miquel, Ann. Microg., 1, 1888, 518; Galac- 
tococcus Guillebeau, Jahrb. d. Schweiz, 1890, 32; Rhodococcus Zopf, Ber. d. deutsch. 
Bot. Gcsellsch., Berlin, 9, 1891, 28; Pyococcus Ludwig, Lehrb. d. niederen Kryptog., 
1892, 27; Planococcus Migula, Arb. Bakt. Inst. Karlsruhe, I, 1894, 236; Carphococcus 
Hohl, Cent. f. Bakt., II Abt., 9, 1902, 338; Afhococews Winslow and Rogers, Jour. Inf. 
Dis., S, 1906, 541; Aurococcus Winslow and Rogers, ibid., 540; Pedioplana Wolff, 
Cent. f. Bakt., II Abt., 18, 1907, 9; Melococcus Ncdrigailov, Charkov Med. Zurnal, 4, 
1907, 301; Solidococcus, Liquidococcus, Indolococcus and Peptonococcus Orla^ensen, 
Cent. f. Bakt., II Abt., 88, 1909, 332; Planomerista Vuillemin, Ann. MycoL, 
11, 1913, 525; Tetracoccus Orla-«Tenscn (in part). The lactic Acid Bacteria, 1919, 76,) 
From Greek micrus, small; coccus, a grain; M. L., a sphere. 

Cells in plates or irregular masses (never in long chains or packets). Gram-posi¬ 
tive to Gram-negative. Growth on agar usually abundant, some species form no 


* The genera Micrococcus and Staphylococcus have been combined and completely 
revised by Prof. G. J. Hucker, New York State Experiment Station, Geneva, New 
York, March, 1043 so far as the aerobic species are concerned. Dr. Ivan C. Hall, 
Presbyterian Hospital, New York City, revised the anaerobic section, January, 1044* 
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pigment but others form yellow or less commonly orange, or red pigment. Glucose 
broth slightly acid, lactose broth generally neutral. Gelatin frequently liquefied, 
but not rapidly. Facultative parasites and saprophytes. 

The type species is Micrococcus luteua (Schroeter) Cohn. 

Key to the species of genus Micrococcus. 

1. Aerobic to facultative anaerobic species. 

1. No pink or red pigment on agar media. 

A. Nitrites not produced from nitrates. 

1. Utilise NH 4 H 1 PO 4 as sole source of nitrogen.* 

a. Yellow pigment on agar media. Not acido-proteolytic. 

1. Micrococcus luteua. 

aa. No pigment produced. Not acido>proteolytic. 

b. Utilises urea as a sole source of nitrogen.** 

2. Micrococcus ureae 
bb. Does not utilize urea. 

3. Micrococcus freudenretchii. 
aaa^ Acido-proteolytic in litmus milk. 

8. Micrococcus caaeolyiicus. 

2. Do not utilize Nn 4 H 2 P 04 as sole source of nitrogen. 

a. Yellow pigment produced. 

4. Micrococcus flaw us. 

aa. No pigment produced. 

5. Micrococcus candidus. 

B. Nitrites produced from nitrates. 

1. Utilize NH 4 H 2 PO 4 as sole source of nitrogen. 

a. Yellow pigment on agar media. Not acido-protcolytic. 
b. Gelatin liquefied. 

6. Micrococcus conglomeratus. 
bb. Gelatin not liquefied. 

7. Micrococcus varians. 

aa. Usually not chromogenic. Actively acido-proteolytic in litmus milk. 

8. Micrococcus caseolyticus. 

2. Do not utilize NH4H2PO4 as sole source of nitrogen. 

a. Gelatin liquefied. Ferment mannitol, 
b. Abundant orange growth on agar media. 

9a. Micrococcus pyogenes var. aureus. 
bb. Abundant white growth on agar media. 

9b. Micrococcus pyogenes var. albus. 
bbb. Yellow growth on agar media. 

10. Micrococcus citreus. 

aa. Gelatin not liquefied or very slowly liquefied. 

)>• Abundant orange to white growth on agar media. Ferments 
mannitol. 

11. Micrococcus auraniiaefUs. 

bb. Scant white translucent growth on agar media. Does not 
ferment mannitol. 

12. Micrococcus epidermidis. 

* That is, will grow and produce acid (sometimes slowly) on slants containing 
Idi per cent washed agar, 0.1 per cent ammonium phosphate, 1.0 per cent glucose* 
OJ02 per cent potassium chloride, 0.02 per cent magnesium sulfate. Add brom-cresol- 
pCirple as an indicator (Hucker, N. Y. State Exper. Sta., Tech. 9ul. 100, 1924, 26; 
Teehu Bui. 101, 1924, 36-40); Manual Pure Culture Study of Bacteria, ^c. Amer. 
Baot., Geneva, N. Y., Leaflet II, 9th ed., 1944,14.) 

^ Siihstitate O.I per cent uiea for the ammoidimi phosphate in the above asedlum. 
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II. Pink or red pigment on agar media. 

A. Gelatin liquefied, slowly. Produces rose>oolored pigment. 

13. MicTocoecu9 roaeus. 

B. Gelatin not liquefied. 

1. Non-motile. 

a. Produces cinnabar-colored pigpnent on gelatin. 

14. Micrococcus cinnabarcus, 

aa. Produces light, flesh-colored pigment on agar slant. Ferments 
glycerol and mannitol. 

16. Micrococcus rubens. 

aaa. Produces brick-colored pigment on agar slant. Does not ferment 
glycerol and mannitol. 

16. Micrococcus rhodochrous. 

2. Motile. Produces red pigment. 

17. Micrococcus agilis. 

Anaerobic species. 

I. Forms gas from nitrogenous media. 

A. Acid from glucose. 

18. Micrococcus aerogenes. 

B. No acid from glucose. 

1. No blackening of colonies in deep agar. 

19. Micrococcus asaccharolpticus. 

2. Hydrogen sulfide formed. Deep agar colonies become black. 

20. Micrococcus niger. 

II. No gas formed from nitrogenous media. 

A. Acid from glucose. 

1. Acid from lactose. 

21. Micrococcus grigoroffi. 

2. No acid from lactose. 


22 . Micrococcus anaerobius. 


1. Micrococcus luteus (Schroeter) 
Cohn. {Bacteridium luleum Schroeter, 
Beitr. z. Biol. d. Pflan., i. Heft 2 , 1872, 
119; Cohn, ibid., 153.) From I^tin, 
luceus golden-yellow. 

Spheres: 1.0 to 1.2 microns, occurring 
in pairs and fours. Non-motile. Gram- 
positive. 

Gelatin colonies: Yellowish-white to 
yellow, raised, with undulate margin. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, yellowish, glisten¬ 
ing, raised. 

Agar slant: Citron-yellow, smooth. 

Broth: Clear, with yellowish sediment. 

Litmus milk: Usually slightly acid, 
not coagulated. 

Potato: Thin, glistening, citron-yellow 
growth. 

Indole not formed. 

Nitrites not produced from nitrates. 


Acid from glucose, sucrose and man¬ 
nitol. No acid from lactose. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Utilizes NHiHs PO 4 as a source of 
nitrogen. 

Saprophytic. 

Aerobic. 

Optimum temperature 25^C. 

Source: Isolated by Schroeter from 
dust contaminations on cooked potato. 

Habitat: Found in skim milk and dairy 
products, and on dust particles. 

2 . Micrococcus urese Cohn. (Cohn, 
Beitr. z. Biol. d. Pflanzen, /, Heft 2 , 
1872,158; not Micrococcus ureas FlUgge, 
Die Mikroorganismen, 2 Aufl., 1886, 
169; Mertsta ureas Prasmowski, Biol. 
Cent., 8 , 1888, 301; Strsptoeoecus ureas 
Trevisah, I generi e le specie delle Bat- 
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teriacee, Milan, 1880, 31; Urococcus 
yreae Beijerinck, Cent. f. Bakt., 11 Abt., 
7,1901,52; Alboeoceus ureae Kligler, Jour. 
Infect. Die., li, 1943, 442; Siaphylococeua 
ureae Holland, Jour. Bact., 5, 1920, 225.) 
From Greek, urum, urine; M. L., urea, 
urea. 

See Micrococcus liquefaciens Migula 
in the appendix for references to the 
gelatin-liquefying form of the species. 

Spheres: 0.8 to 1.0 micron, occurring 
singly, in pairs and in clumps. Never in 
chains. Non-motile. Gram-variable. 

Gelatin colonies: Small, white, translu¬ 
cent, slimy, becoming fissured. 

Gelatin stab: Slight, white growth. 
Very slow or no liquefaction. 

Agar colonies: White, slightly raised. 

Agar slant: Grayish-white, raised, 
glistening, butyrous. 

Broth: Turbid, with viscid sediment. 

Litmus milk: Slightly alkaline; litmus 
slowly reduced. 

Milk: Acid. 

Potato: Slight, grayish to pale olive 
growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Urea fermented to ammonium car¬ 
bonate. 

Acid produced from glucose, lactose, 
sucrose and mannitol. 

Starch not hydrolyzed. 

Ammonium salts are utilized. 

Ammonia produced from peptone. 

Saprophytic. 

Aerobic. 

Optimum temperature 25^0. 

Source: Isolated from fermenting urine. 

Habitat: Found in stale urine.and in 
soil containing urine. 

3. Micrococcus freudenreichii Guille- 
beau. (Landwirtsch. Jahrb. d. Schweiz, 
J, 1891,135.) Named for £. v. Freuden- 
reich, Swiss bacteriologist. 

Synonyms: Micrococcus acidi lactis 
Krueger, Cent. f. Bakt., 7, 1890, 464 
(Micrococcus acidi laeiis liquefaciens 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
409; Micrococcus acidi lactici liquefaciens 


Sternberg, Man. of Bact., 1893, 601; 
Micrococcus acidilaetis Migula, Syst. d. 
Bakt., $, 1900, 112; Micrococcus acidifi- 
cans Migula, ibid.)', Micrococcus laeiis 
^viscosus Sternberg, Man. of Bact., 1893, 
604; Micrococcus amarifactens Migula, 
Syst. d. Bakt., $, 1900,100; Coccus laeiis 
viscosi Gruber, Cent. f. Bakt., II Abt., 
9, 1902, 790 (Micrococcus laeiis viscosi 
Ldhnis, Cent. f. Bakt., II Abt., 18,1907, 
144); Micrococcus laeiis albidus Conn, 
Esten and Stocking, Storrs Agr. Exp. 
Sta. 18th Ann. Kept., 1906, 91. 

Spheres: 2.0 microns in diameter, oc- 
curing singly and in clumps, rarely in 
short chains. Non-motile. Gram-posi¬ 
tive. 

Milk gelatin colonies: Small, white, 
opaque. 

Milk gelatin stab: Infundibuliform 
liquefaction. 

Agar colonies: White, slimy. 

Agar streak: White, smooth. 

Broth: Turbid, with white sediment. 

Litmus milk: Acid; coagulated; pep¬ 
tonized. 

Potato: Moderate white to yellow 
streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Does not utilize urea as a source of ni¬ 
trogen. 

Acid from glucose, lactose and sucrose. 
Some strains form acid from mannitol; 
others from glycerol. 

Saprophytic. 

Aerobic. 

Optimum temperature 20^C. 

Habitat: Milk and dairy utensils. 

4. Micrococcus flavus Trevisan. (Mi¬ 
crococcus fUwus liquefaciens FlOgge, Die 
Mikroorganismen, 2 Aufi., 1886, 174; 
Trevisan, I generi e le specie delle Bat- 
teriacee, Milan, 1889, Micrococcus 
flavusdiquefaeiens Chester, Man. De¬ 
term. l^ct., 1901, 99.) From Latin, 
flaouSf yellow. 

Spheres: 0.8 to 0.9 micron, occurring 
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singly, in clumps, and occasionally in 
fours. Occasionally cultures are found 
that are motile with a single flagellum. 
Otherwise non-motile. Gram-variable. 

Gelatin colonies: Small, circular, yel¬ 
lowish to yellowish-brown, somewhat 
serrate margin, granulated, sharply con¬ 
toured. 

Gelatin stab: Yellow, wrinkled surface 
growth with slow, crateriform lique¬ 
faction. 

Agar colonies: Small, pale yellowish, 
homogeneous, entire. 

Agar slant: Canary-yellow, somewhat 
dry, wrinkled, raised, entire. 

Broth: Turbid with yellowish ring and 
sediment. 

Litmus milk: Slightly acid, soft 
coagulum formed, with slight reduction; 
slowly peptonized. 

Potato: Slight, canary-yellow growth. 

Indole is not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid is generally formed from glucose 
and lactose. Sucrose, glycerol and man¬ 
nitol generally not fermented. 

Ammonium salts are utilized. 

Ammonia produced from peptone. 

Non-pathogenic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Original source not given. 

Habitat: Found in skin gland secre¬ 
tions, milk, dairy products, and dairy 
utensils. 

5. Micrococcus candidus Cohn. 
(Cohn, Beitr. z. Biol. d. Pfianzen, /, 
Heft 2,1872,160; Staphylococcus candidus 
Holland, Jour. Bact., 5,1920,223.) From 
Latin candidusy shining white. 

Spheres: 0.5 to 0.7 micron, occurring 
singly. Non-motile. Gram-positive. 

Gelatin colonies: White, granular, with 
irregular or entire margin. 

Gelatin stab: White surface growth. 
Filiform. No liquefaction. 

Agar colonies: Punctiform, white, 
smooth, entire, iridescent. 


Agar slant: Smooth, white, glistening, 
iridescent. 

Broth: Turbid, with pellicle. 

Litmus milk: Slightly acid; not coagu¬ 
lated. 

Potato; Thick, porcelain white, 
glii^tening. 

Indole not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Ammonium salts not utilized. 

Acid from glucose, sucrose, lactose 
and glycerol. 

Non-pathogenic. 

Aerobic. 

Optimum temperature 25^C. 

Source: Originally appeared as white 
colonies on cooked potato exposed to dust 
contaminations. 

Habitat: Found in skin secretions, 
milk and dairy products. 

6. Micrococcus conglomerstus Migula. 
(Citronengelber Diplococcus, Bumm, 
Der Mikroorganismen der gonorrhoischen 
Schleimhauterkrankungcn, 1 Aufl., 1885, 
17; Micrococcus citreus conglomeratus 
Fliigge, Die Mikroorganismen, 2 Aufl., 
1886, 182; Diplococcus citreus conglomer¬ 
atus Bumm, tbid,y 2 Aufl., 1887; Neisseria 
citrea Trevisan, I generi e le specie delle 
Batteriacee, Milan, 1889, 32; Merismo- 
pedia citreus conglomeratus Dyar, Ann, 
N. Y. Acad. Sci., 8, 1895, 352; Migula, 
Syst. d. Bakt., 8, 1900, 146; not Micro¬ 
coccus conglomeratus Weichselbaum, 1887, 
see Trevisan, foe. ctL, 33; Micrococcus 
citreus Winslow and Winslow, Systematic 
Relationships of the (Doccaceae, 1908, 
218.) From Latin, conglomeratusy rolled 
together, crowded. 

Spheres: 0.8 to 1.2 microns, occurring 
8ingly» ii^ pairs, in fours, and in large 
clumps. Non-motile. Gram-variable. 

Gelatin colonies: Small, circular, yel¬ 
low with radiate margin. 

Gelatin stab: Slow crateriform lique¬ 
faction. 
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Agar colonies: Luxuriant, moist, sulfur 
yellow. 

Agar slant: Light yellow, plumose, 
slightly rugose, somewhat dull, raised 
center and transparent margin. 

Broth: Turbid, with light orange ring 
and sediment. 

Milk: Generally acid but not sufEi- 
dent to curdle. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Blood not hemolysed. 

Starch not hydrolyzed. 

Acid from glucose and lactose gen¬ 
erally, sometimes from sucrose. Manni¬ 
tol and glycerol generally not fermented. 

Ammonia produced from peptone. 

Utilizes ^ra 4 HsP 04 as a source of 
nitrogen. 

Resistant to drying and heat. 

Non-pathogenic. 

Aerobic. 

Optimum temperature 25^C. 

Source: Found in gonorrhoeal pus and 
dust. 

Habitat: Infections, milk, dairy prod¬ 
ucts, dairy utensils, water, common. 

7. Micrococcus yarians Migula. 
(Merismopedia flava variana Dyar, Ann. 
N. Y. Acad. Sci., S, 1895, 346; Migula, 
Syst. d. Bakt., f, 1900,135; Merismopedia 
fUwa-varians Chester, Man. Determ. 
Bact., 1901, 103; Micrococcus laciis cart¬ 
ons Conn, Eaten and Stocking, Storra 
Agr. Exp. Sta. Kept, for 1906,121.) From 
Latin, varians varying. 

Spheres: 0.8 to 1.0 micron, occurring 
sin^y, in pairs and in fours. Occa¬ 
sionally cultures are found that are motile 
with a single fiagellum. Otherwise non- 
motile. Gram-variable. 

Gelatin colonies: Small, circular, whit¬ 
ish to yellow, capitate, moruloid. 

Gelatin stab: Scant growth. No lique¬ 
faction. 

Agar colonies: Small, yellow, raised, 
glistening. 


Agar slant: Plumose, yellow, vari¬ 
egated. 

Broth: Turbid, with yellow, granular 
sediment. 

Litmus milk: Acid; coagulated on boil¬ 
ing. 

Potato: Raised, dry, bright-yellow, 
glistening. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose, lactose, sucrose, 
raffinose and frequently from glycerol 
and mannitol. No acid from salicin or 
inulin. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Utilizes NH4H1PO4 as a source of 
nitrogen. 

Saprophytic. 

Aerobic. 

Optimum temperature 25**C. 

Source: Original strains found in a 
contaminated jar of sterilized milk. 

Habitat: Has been found in body 
secretions, dairy products, dairy utensils, 
dust and water, including sea water. 

8. Micrococcus caseolyticus Evans. 
(Evans, Jour. Inf. Dis., 18, 1916, 455; 
Micrococcus casei Hucker, N. Y. Agr. 
Exp. Sta. Tech. Bull. 102,1924,17; Prob¬ 
ably Micrococcus casei Holland, Jour. 
Bact., 5, 1920, 223.) 

Identical in part with Micrococcus casei 
acidoproteolyticus I and U Gorini, Rev. 
G5n. du Lait, 8, 1910, 337; Tetracoccus 
liquefaciens Orla-Jensen, The Lactic 
Acid Bacteria, 1919,80 {Micrococcus casei 
liqu^aciens Orla-Jensen Doktordispu- 
tats, 1904; Tetracoccus casei liquefaciens 
Orla-Jensen, The Lactic Acid Bacteria, 
1919,80; Micrococcus liquefaciens Holland, 
Jour. Bact., 6, 1920, 224. Also see ref¬ 
erences under Streptococcus liqw^aciens.) 
From Latin, caseus, cheese, casein; and 
Greek, lyticus, able to dissolve; M. L., 
dissolving, digesting. 

Spheres, variable in size, occurring in 
clumps. Non-motile. Gram-positive. 

Gelatin stab: Liquefaction generally 
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begins after first day and continues 
rapidly. 

Agar colonies; Yellow to orange (Evans, 
loc. ci/.),'pearly white (Hucker, loc. ciL), 

Agar stroke: Yellow to orange (Evans, 
loc, cii,)y pearly white (Hucker, loc. ciL), 
luxuriant growth. 

Broth: Generally grows with smooth 
turbidity although certain strains give 
heavy precipitate Vith clear supernatant 
fluid. 

Litmus milk: Acid, peptonized. Whey 
generally clear. 

Potato: Scanty white growth. Certain 
strains may show yellow pigment. 

Indole not formed. 

Nitrites usually produced from ni¬ 
trates. 

Acid from glucose, lactose, maltose, 
mannitol and glycerol. No action on 
raffinose. 

Forms dextrorotary lactic acid (Orla- 
Jensen, 1919, loc. cii.). 

Asparagin and urea decomposed by 
some strains. 

Utilizes NH 4 HSPO 4 as a source of nitro¬ 
gen. 

Optimum temperature 22^C. 

Aerobic. 

Saprophytic. 

Source: Eight cultures from bovine 
udder. 

Habitat: Milk and dairy products, 
especially cheese, dairy utensils. 

9a. Micrococcus pyogenes var. aureus 
(Rosenbach) Zopf. {Staphylococcus pyo¬ 
genes aureus Rosenbach, Mikroorganis- 
men bei den Wundinfectionskrankheiten 
des Menschen, Wiesbaden, 1894, 19; 
Staphylococcus aureus Rosenbach, ibid.y 
27; Micrococcus pyogenes var. aureus 
Zopf, Die Spaltpilze, 3 Aufi., 1885, 56; 
Micrococcus aureus Zopf, i&id., 57; 
Micrococcus pyogenes Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufi., F, 1896, 165; 
Aurococcus aureus Winslow and Rogers, 
Jour. Inf. Dis., 5, 1906, 554; Micrococcus 
laciis varians Conn, Eaten and Stocking, 
Storrs Agr. Exp. Sta. Rept. for 1906, 


121; Staphylococcus pyogenes Andrswes 
and Gordon, Rept. (35th) Med. Officer 
Local Govt. Board, London, 1907, 549; 
{Tetracoccus) Micrococcus pyogenes 
aureus OrlaJensen, The Lactic Acid 
Bacteria, 1^19, 81; Staphylococcus pyo» 
genes-aureus Holland, Jour. Bact., 5, 
1920, 225.) From Greek, pyon, pus; 
M. L.,-penes, producing. From Latin, 
aureus y golden. 

Spheres: 0.8 to 1.0 micron, occurring 
singly, in pairs, in short chains, and in 
irregular clumps. Non-motile. Gram¬ 
positive. 

Gelatin stab: Saccate liquefaction with 
yellowish pellicle and yellow to orange 
sediment. 

Agar colonies: Circular, smooth, yel¬ 
lowish to orange, glistening, butyrous, 
entire. 

Agar slant: Abundant, opaque, snoooth, 
fiat, moist, yellowish to orange. 

Broth: Turbid with yellowish ring and 
sediment, becoming clear. 

Litmus milk: Acid; coagulated. 

Potato: Abundant, orange, glistening. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose, lactose, sucrose, 
mannitol and glycerol, but not from 
raffinose, salicin or inulin. 

Forms inactive or levorotary lactic 
acid (OrlaJensen, foe. ciL). 

Slight HsS formation. 

Starch not hydrolyzed. 

Does not utilise NH 4 HtP 04 , as a source 
of nitrogen. 

Ammonia produced from peptone. 

Pathogenic. Individual strains vary 
in their ability to produce hemolysin, 
coagulase and other metabolic products. 

Certain strains, under favorable con¬ 
ditions, produce not only exotoxins 
(hematoxin, dermatoxin, lethal toxin, 
etc.) but also a potent enterotoxin 
which is a significant cause of food poi¬ 
soning. (Dolman and Wilson, Jour. 
Immunology, 55, 1938, 13). 

Aerobic, facultative. 

Optimum temperature 37^C. 

Source: Isolated from pus in wounds. 
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Habitat: Skin and mucous membranes. 
The cause of boils, abscesses, furuncles 
suppuration in wounds, etc. 

9b. Micrococcus pyogenes var. albus 
(Rosenbach) Schroeter. {Stapkylococcits 
pyogenes (Ubus Rosenbach, Mikroorganis* 
men bei den Wundinfektionskrankheiten 
des Menschcn, Wiesbaden, 1884,2; Staph¬ 
ylococcus albus Rosenbach, ibid,, 27; 
Micrococcus pyogenes var. albus Schroe¬ 
ter, in Cohn, Kryptog. Flora v. Schlesien, 
5, 1, 1886, 147; Micrococcus pyogenes 
Migula, Syst. d. Bakt., f, 1900, 87; Albo- 
eoccus pyogenes Winslow and Rogers, 
Jour. Inf. Dis., 5, 1906, 544; Micrococcus 
albus Buchanan, Veterinary Bacteriology 
1911, 196; (Tetracoccus) Microccocus 
pyogenes alkus Orla-Jensen, The Lactic 
Acid Bacteria, 1919, 81; Staphylococcus 
pyogenes-albus Holland, Jour. Bact., 5, 
1920, 225.) From Latin, albus, white. 

Spheres: 0.6 to 0.8 micron, occurring 
singly, in pairs and in irregular groups. 
Non-motile. Gram-positive. 

Gelatin stab: Saccate liquefaction with 
heavy wMte sediment. 

Agar colonies: Circular, white, smooth, 
glistening, entire. 

Ten per cent evaporated milk agar: 
Growth at 20 ®C frequently orange 
(Chapman, Jour. Bact., 4 ^, 1943, 405). 

Agar slant: Abundant, white, smooth, 
listening. 

Broth: Turbid, with delicate pellicle 
and white sediment. 

Litmus milk: Acid; coagulated. Little 
or no visible peptonization. 

Potato: Thick, smooth, white, glisten¬ 
ing. 

Indole not formed. 

Nitrites produced from nitrates. 
Hydrogen sulfide is formed. 

Add formed from glucose, lactose, 
sucrose, glycerol and manmtol, but not 
from raffinose, salicin and inulin. 

Forms inactive or levorotary lactic 
acid (Orla-Jensen, loc. cit,). 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Does not utilize NH 4 HSPO 4 as a source 
of nitrogen. 


Pathogenic. Production of toxins, 
coagulase and hemolysin as in Micro* 
coccus aureus. 

Aerobic, facultative. 

Optimum temperature 37^C. 

Source: Originally isolated from pus. 
Habitat: Skin and mucous membranes. 
Occurs in w’ounds, boils, abscesses, etc. 

10 . Micrococcus citreus Migula. 
(Staphylococcus pyogenes citreus Passet, 
Aetiologie der eiterigen phlegmone des 
Mcnschen, Berlin, 1885, 9; Micrococcus 
pyogenes citreus Schroeter, in Cohn, 
Kryptog. Flora v. Schlesien, 5 , 1, 1886, 
147; Migula, Syst. d. Bakt., f, 1900, 147; 
Staphylococcus citreus Bergey et al.. 
Manual, Ist cd., 1923,55.) From Latin, 
citreus, of or relating to the citrus tree; 
M. L., lemon yellow. 

Spheres: 0.9 micron, occurring singly. 
Gram-positive. 

Gelatin colonics: Circular, pale yellow, 
granular, entire, liquefying in 6 days. 

Gelatin stab: Lemon yellow surface 
growth sinking into the medium. Gray¬ 
ish-white growth in stab. Complete 
liquefaction in 43 days. 

Agar colonies: Small, yellow, smooth 
entire. 

Agar slant: Broad, lemon yellow, glis¬ 
tening, elastic. 

Broth: Turbid, with yellow sediment 
and pellicle. 

Litmus milk: Acid, with slow coagula¬ 
tion. 

Potato: Thin, grayish streak, becoming 
citron yellow. 

Indole not formed. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose, lactose, sucrose, 
raffinose, inulin, salicin, glycerol and 
mannitol. 

Does not utilize NH 4 HSPO 4 as a source 
of nitrogen. 

Ammonia produced from peptone. 
Aerobic, facultative. 

Pathogenic. 

Optimum temperature 37”C. 

Source: Originally isolated fium pus. 
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Habitat: Skin and mucous membranes 
of vertebrates. 

11. Micrococcus aurantiacus (Schroe- 
ter) Cohn. (Bacteridium aurantiaeum 
Schroeter, Beitr. z. Biol., f, Heft 2,1872, 
126; Cohn, Beitr. z. Biol., Jf, Heft 2,1872, 
154; Pediocoecus avrantiacua De Toni and 
Trevisan, in Saccanlo, Sylloge Fungorum, 
8, 1889, 1051; Micrococctia aurantiaciia- 
aorghi Bruyning, Arch. N6er. Sci. Exact, 
et Nat., /, 1898, 297; StreptococQua 
aurantiacua Chester, Man. Determ. 
Bact., 1901, 69; Aurococcua auranti<icua 
Winslow and Winslow, Systematic Rela- 
tionships of the Coccaccae, 1908, 186; 
Sarcina auraniiaca Holland, Jour. Bact., 
5, 1920, 225 (not Sarcina auraniiaca 
FlOgge, Die Mikroorganismen, 2 Aufl., 
1886, 180); Slaphylococcua aurantiacua 
Holland, ibid,) From I^atin, ai/r?im, 
gold;M. Jj.^auraniium^ the orange 
aurantiacua f orange-colored. 

Spheres: Slightly ellipsoidal, 1.3 to 1.5 
microns, occurring singly, in short chains 
and in small clumps. Non>motilc. 
Gram-positive. 

Gelatin colonics: Circular to oval, 
smooth, glistening with yellow to orange 
center. 

Gelatin stab: Yellow surface growth. 
No liquefaction. 

Agar colonies: Circular, smooth, glis¬ 
tening, yellow to orange, entire. 

Agar slant: Buff to scant orange-yellow, 
beaded growth, raised, glistening. 

Broth: Turbid, with pellicle. 

Litmus milk: Faintly acid, no coagu¬ 
lation. 

Potato: Slimy, yellow growth. Pig¬ 
ment is insoluble in alcohol and ether. 

Indole not produced. 

Nitrites generally produced from ni¬ 
trates. 

Slight acidity from glucc^, fructose, 
sucrose, lactose and mannitol. No acid 
from rafffnose, salicin, inulin. 

Starch not hydrolysed. 

Ammonia produced from peptone. 

No growth in ammonium media. 

May be pathogenic. 

Optimum temperature 25 *C. 


Aerobic. 

Source: First isolated from colonies 
that grew on boiled egg exposed to dust 
contamination. 

Habitat! Usually isolated from infec¬ 
tions but also found in milk, cheesgapd 
dust. . 

Note: Albococcua epidermidia (var. 
A) Kligler (Jour. Infect. Dis., 18, 1913, 
444) which was based on a white culture 
received from Krai under the name 
Micrococcus aurantiacua was apparently 
a white strain of this organism as it grew 
luxuriantly on ordinary agar. 

12. Micrococcus epidermldis (Winslow 
and Winslow) Hucker. (Staphylococcus 
epidermidiamolbua Welch, Amer. Jour, of 
Med. Sci., Phila., N. S., 102, 1891, 441; 
Micrococcus epidermidia albua Randolph, 
Jour. Amer. Med. Assoc., SI, 1898, 706; 
Albococcua epidermidia Winslow and Win¬ 
slow, Syst. Relationships *Coccaceae, 
New York, 1908, 201; Staphylococcus 
epidermidia Evans, Jour. Inf. Dis., 15, 
1916, 449; Hucker, N. Y. Agr. Exp. Sta. 
Tech. Bull. 102, 1924, 21.) From Greek, 
epidermis, the outer skin. 

Spheres: 0.5 to 0.6 micron, occurring 
singly, in pairs and in irregular groups. 
Non-motile. Gram-positive. 

Gelatin stab: White surface growth 
with slow saccate liquefaction. 

Agar, colonies: Rather scant, white, 
translucent. 

Broth: Turbid, with white ring and 
sediment. 

Litmus milk: Acid. 

Potato: Limited growth, white. 

Indole not formed. 

Nitrites are produced from nitrates. 

Usually does not utilise NH4H3PO4 
as a source of nitrogen. 

Acid formed from glucose, fructooe, 
maltose, lactose and sucrose, but not 
from mannitol, raffinose, salicin or 
inulin. 

Usually fails to hemolyze blood. No 
coagulase produced. 

Parasitic rather than pathogenic. 

Aerobic, &cultative. 
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OpUmumtemperature 

Source: Originally isolated from small 
stitch abscesses and other skin wounds. 

Habitat: Skin and mucous membranes. 

13. Microcoectts roseus Fltkgge. 
(Roeafarbiger Diplococcus, Bumm, Der 
Mikrooiganismen der gonorrhoischen 
Schleknhauterkrankungen, 1 Aufl., 1885, 
25; FlOgge, Die Mikroorganismen, 2 
Aufl., 1886,183; Neisseria rosea Trevisan, 
I generi e le specie delle Batteriacee, 
Milan, 1889,32; Diplococcus roseus Eisen- 
berg, ^kt. Diag., 3 Aufl., 1891,12; Meris- 
mo>pedia rosea Dyar, Ann. N. Y. Acad. 
Sci., 8, 1895, 354; Rhodococcus roseus 
Winslow and Rogers, Jour. Inf. Dis., 5^ 
1906, 545.) From Latin, roseus, rose- 
colored. 

Spheres: 1.0 to 1.5 microns, occurring 
singly and in pairs. Non-motile. Gram- 
variable. 

Gelatin colonies: Rose surface growth 
usually with slow liquefaction. 

Agar colonies: Circular, entire, rose- 
red surface colonies. 

Agar slant: Thiele, rose-red, smooth, 
glistening streak. 

Broth: Slightly turbid with rose- 
colored sediment. 

Litmus milk; Unchanged to alkaline, 
usually reddish sediment after 14 days. 

Usually produce nitrites from nitrates. 

Potato: Raised, rose-red, smooth, glis¬ 
tening. 

Starch not hydrolyzed. 

Acid from glycerol and mannitol. 

Utilizes NH4H1PO4 as a source of 
nitrogen. 

Saprophytic. 

Aerobic. 

Optimum temperature 25^C. 

Source: Dust contamination. 

Habitat: Widespread, as it occurs in 
dost. 

14. Mleroeoccus cinnabareus Flagge. 
(Fldgge, Die Mikroorganismen, 2 Au6., 
1886,174; Rhodococcus cinnabareus Wins- 
bw and Rogers, Jour. Inf. Dis., 5,1906, 
545.) From M. L., cinnabar-cojored. 


Spheres: 1.0 micron, occurring singly 
and in pairs. Non-motile. Gram-vari¬ 
able. 

Gelatin colonies: Small, circular, bright 
red, becoming cinnabar rod. 

Gelatin stab: Thick, raised, rose to 
cinnabar red growth on surface. No 
liquefaction. White colonies along stab. 

Agar slant: A carmine-red streak. 
Slow growth. 

Broth: Turbid. 

Litmus milk: Slightly alkaline to 
slightly acid. 

Potato: Slowly developing vermillion 
red streak. 

Small amount of acid from test sugars. 

Indole not formed. 

Does not utilize NH4H1PO4 as a source 
of nitrogen. 

Nitrites produced from nitrates 

Starch not hydrolyzed. 

Saprophytic. 

Aerobic. 

Optimum temperature 25®C. 

^urce: Found as contamination of 
cultures. 

Habitat: Usually found as a dust con¬ 
tamination. 

15. Micrococcus rubens Migula. (Jft- 
crococcus tetragenus ruber Bujwid, in 
Schneider, Arb. bakt. Inst. Karlsruhe, 
/, Heft 2, 1894 , 215; Migula, Syst. d. 
Bakt., 5,1900,177; Micrococcus ruber and 
Rhodococcus ruber Holland, Jour. Bact., 
6, 1920, 224; Micrococcus roseofulvus 
Hucker, N. Y. S. Agr. Exp. Sta. Tech. 
Bull. 135,1928,27; not Micrococcus roseo- 
fulvus Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 5,1896,177and 439; Khodo^ 
coccus roseofulvus Pribram, Klassifika- 
tion derSchizomyceten, 1933,44). From 
Latin, rubens, ruddy. 

The following description is taken from 
Migula (loc. cit.) and from Hucker (loc. 
cit) supplemented from unpublished 
notes of the latter. Also see Breed (Jour. 
Bact., 4S, 1943, 455). 

Spheres: 1.3 to 4.0 microns, average 
size 2.1 microns, occurring in fours and 
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in irregular maMes, generally not singly 
or in pairs. Non-motile. Gram-nega¬ 
tive to Gram-variable 

Gelatin colonies: After several days, 
small, pink or flesh-oolored, shiny, buty- 
rous, 0.5 to several mm. in diameter. 
Smaller colonies have regular edges; 
larger colonies have lobate edges. 

Gelatin streak: Thick, shiny, flesh- 
oolored to carmine-red growth, generally 
spreading. 

Gelatin stab: Scant, whitish growth 
along line of stab; surface growth flesh- 
red. No liquefaction after several weeks, 
but a slight softening of the medium 
underneath thd growth. 

Agar slant: Luxuriant, thick, spread¬ 
ing, slimy, flesh-colored growth. 

Broth: Bright red, slimy sediment. 
No pellicle. 

Milk: Generally acid curd followed by 
slight peptonization. 

Nitrites produced from nitrates. 

Acid from glucose, sucrose, mannitol 
and glvcerol. No action on lactose or 
starch. 

Pigment soluble in ether, benzol, car¬ 
bon bisulfide, chloroform and alcohol. 
Not soluble dn water (Schneider, loc. 
eit.). 

Saprophytic. 

Grows well at 26® to 37®C. 

Aerobic. 

Source: Original culture isolated by 
Bujwid in Bern, Switzerland and sent to 
Migula at Karlsruhe, Germany. 

Habitat: Unknown. 

16. Micrococcus rhodochrous (Zopf) 
Migula. (Rhodococctis rhodochrous Zopf, 
Berichte d. deutsch. bot. Gesellsch., 9, 
1891, 22; Migula, Syst. d. Bakt., f, 1900, 
162.) From Greek, rhodum^ rose; cAros, 
color. 

Spheres: 0.5 to 1.0 micron, occurring 
singly. Non-motile. Gram-variable. 

Gelatin colonies: Small, circular, glis¬ 
tening, raised, entire, dark, reddish- 
brown. 


Gelatin stab: Dark, carmine-red, dry 
surface growth. Slight growth in stab. 
No liquefaction. 

Agar slant: Carmine-red streak, be¬ 
coming brieWred in color. 

Broth: Thick rose-red pellicle with 
red, flocculent sediment. 

Litmus milk: Slightly alkaline. 

Potato: Carmine-red streak. 

Does not ferment glycerol and man¬ 
nitol. 

Aerobic. 

Saprophytic. 

Optimum temperature 25®C. 

Habitat: Water. 

17. Micrococcus agilis Ali-Cohen. 
(Ali-Cohen, Cent. f. Bakt., 6, 1889, 36; 
Planosarcina agilis Migula, in Engler 
and Prantl, Die natiirl. Pflanzenfam., i, 
la, 1895, 20; Micrococcus agUU ruber 
Peppier, Cent. f. Bakt., I Abt., FP, 1901, 
352; Planococcus agilis Chester, Man. 
Determ. Bact., 1901, 115; Rhodococeue 
agilis Winslow^ and Rogers, Jour. Inf. 
Dis., 5, 1906, 545; Sarcina agilie Ender- 
lein, Sitzber. Gesell. Naturf. Freunde 
Berlin, 1930, 182; not Sarcina agilis 
Matzuschita, Zeit. f. Hyg., 35, 1900, 
496; not Sarcina agilis Saito, Jour. Coll. 
Sci. Imp. Univ. Tokyo, 33, 1908, .) 

From Latin, agilis, agile. 

Spheres, 1.0 micron, occurring singly, 
in pairs and in fours. Motile by means 
of one or two flagella. Gram-variable. 

Gelatin colonies: Small,gray, becoming 
distinctly rose-colored. 

Gelatin stab: Thin, whitish growth in 
stab. On surface thick, rose-red, glis¬ 
tening growth. Generally no liquefac¬ 
tion. 

Agar slant: Glistening, dark rose-red, 
lobed, much variation in color. 

Broth: Slightly turbid, with slight, 
rose-oolored ring and pink sediment. 

Litmus milk: Slightly acid, pink sedi¬ 
ment. 

Potato: Slow growth as small, rose- 
colored colonies. 

Loeffler's blood serum: Pink, spread- 
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iQg, shiny, abundant. Slow liquefaction. 

Indole not formed. 

Nitrites produced (trace). 

Ammonia formed (trace). 

Does not utilise NHtHfPOi as source 
of nitrogen. 

Add from glucose, sucrose, inulin, 
glycerol and mannitol. No acid from 
raffinose. 

Aerobic. 

Saprophytic. 

Optimum temperature 25^0. 

Source: Isolated from water. 

Habitat: Water, sea water, on sea fish. 

*18. Micrococcus aerogenes (Schott- 
mfiller) Bergey et al. (Staphylococcus 
aerogenes Schottmiiller, Cent. f. Bakt., I 
Abt., Orig., 64, 1912, 270; Bergey et al.. 
Manual, 1st ed., 1923,70; not Micrococcus 
aerogenes Miller, Dcutsch. med. 
Wchnschr., It, 1886, 119.) From Greek, 
forming air or gas. 

Description according to Pr6vot, Ann. 
Sci. Nat., S^r. Bot. et Zool., 16, 1933, 
212 . 

Spheres: 0.6 to 0.8 micron, occurring 
in clusters, sometimes in pairs or shdrt 
chains. Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: Small, lenticular, 
nearly spherical, yellowish white. Some 
gas bubbles produced, not fetid. 

Blood agar colonies: Very small, gray¬ 
ish. No true hemolysis, but a narrow 
clear zone is formed. 

Serum agar: Colonies lenticular. Gas 
not fetid. 

Neutral red serum agar: Colonies len¬ 
ticular. Gas produced. Neutral red 
changed to greenish yellow. 

Glucose broth.with blood: Turbid. 
Gas produced. Hydrogen sulfide not 
produced. Slight hemolysis. 

Glucose serum broth: Turbid. Gas 
produced. 

Peptone water with serum: Gas. Indole 

produced. 


Milk: Growth feeble. Neither acid 
nor coagulated. 

Proteins not attacked. 

Glucose and fructose attacked slightly 
by two out of three strains. 

Does not plasmolyse readily. 

Neutral red broth: Changed to yellow¬ 
ish green. 

Nitrites not produced from nitrates. 

Optimum pH 6.5 to 8.0. 

Optimum temperature 37®C. 

Pathogenic. 

Strict anaerobe. 

Distinctive character: Fermentation 
of glucose and gas production from 
peptones. 

^urce: Isolated (Schottmiiller) from 
cases of puerperal fever. Three strains 
from infected tonsils studied by Pr6vot. 

Habitat: Natural cavities, especially 
the tonsils and female genital organs. 

19. Micrococcus asaccharoljrticus (Dis- 
taso) comb. nov. (Staphylococcus asac^ 
charolyticus Distaso, Cent. f. Bakt., I 
Abt., Orig., 62, 1912, 446.) From Greek, 
not dissolving sugar. 

Description according to Prdvot, Ann. 
Sci. Nat., S^r. Bot., 16, 1933, 211. 

Large spheres; 1.0 to 1.2 microns, 
occurring in very large clusters, also in 
pairs and short chains. Gram-positive. 

Gelatin: At 37®C, growth resembles 
tufts of cotton which precipitate. No 
liquefaction. 

Deep agar colonies: Very delicate, 
pin-point, transparent. A few bubbles 
of gas produced. 

Broth: Turbid. Growth settles at 
the bottom of the tube as a sort of vis¬ 
cous zooglea. Unpleasant odor pro¬ 
duced. 

Peptone water: Turbid. Indole pro- 
duced. 

Milk: Feebly acidified, but not 
coagulated. 

Egg white not attacked. 

Carbohydrates not attacked. 

Strict anaerobe. 


• AnaeroMe section revised by Dr. Ivan C. Hall, New York, N. Y. 
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Distinctive characters: Large size; 
unpleasant odor; production of indoU; 
production of gas. 

Source: Isolated from the large, in¬ 
testine of a man with intestinal in¬ 
toxication. 

Habitat: Intestine. Not common. 

Note: Weinberg, Nativelle and Pi4vot 
(Les Microbes Ana^robics, 1937, 1023) 
regard Micrococcus itidolicus Christian¬ 
sen (Ac. Pat. Micr. Scand., /5, 1934, 42) 
as a variety of this species giving it the 
name Staphylococcus asaccharolyticus 
var. indolicus. This variety differs 
from the species by forming opaque 
lens-shaped colonies and by a more 
abundant production of gas from 
peptone. 

20. Micrococcus nlger Hall. (Jour. 
Bact., jfO, 1930, 409.) From I.Atin, niger, 
black. 

Small spheres: 0.6 micron in diameter, 
occurring in irregular masses, occasionally 
in pairs. Gram-positive. 

Gelatin: .\fter 5 days a dark sediment 
is produced which gradually gets more 
and more intensely black. No lique¬ 
faction. 

Deep agar colonies: Slow growth. At 
first very tiny, colorless, irregularly 
globular, smooth, dense. Small bubbles 
of gas sometimes produced. After sev¬ 
eral days colonies become brown, then 
black. If exposed to air, colonies fade 
to a dull gray. Medium not discolored. 

Blood agar slant: After 4 or 5 days, 
minute, black colonies, round, smooth, 
glistening, 0.5 mm. in diameter. Non¬ 
hemolytic. 

Broth: After 4 or 5 days uniform tur¬ 
bidity and slight production of gas which 
contains HsS. Black sediment. 

Coagulated serum: Minute, brown 
colonies appear on the 8th day. No 
liquefaction. 

Milk: No change. 

Brain medium: Turbid after 4 or 5 days 
at 37^C. Uniform gas production about 
the 6th clay. Discoloration of the me¬ 
dium not marked. 


No acid from carbohydrates. Black 
sediment produced. 

Non-pathogenic for guinea-pigs and 
rabbits. 

Optimum temperature 37*C. No 
growth below 30*C. 

Strict anaerobe. 

Distinctive characters: Formation of a 
water-insoluble, black pigment. Growth 
slow, visible after 2 to 4 days. 

Source: Isolated from urine of an aged 
woman. 

Habitat: Unknown. 

21. Micrococcus grigoroffi Pr6vot. 
{Micrococcus A, Grigoroff, Th5se de 
Geneve, 1905; Pr^vot, Ann. Sci. Nat., 
S6r.Bot.etZool., 15,1933,219.) Named 
for Grigoroff, who first isolated this 
organism. 

Small spheres: Average size 0.7 micron, 
occurring singly or in irregular masses. 
Gram-positive. 

Gelatin: Colonics appear in four days. 
No liquefaction. 

Deep agar colonies: After three days, 
round, lenticular, yellowish. 

Glucose broth: Turbid after 2 days 
with whitish sediment. Neither gas 
nor fetid odor produced. The medium 
is acidified. 

Milk: Good growth. Acid. Coagu¬ 
lation. 

Acid from glucose, maltose, lactose, 
fructose and sorbitol. 

One strain slightly pathogenic. 

Optimum temperature 37*C. 

Strict anaerobe. 

Distinctive characters; This is the 
only anaerobic coccus growing in irregular 
masses that coagulates milk. Lactose is 
fermented. 

Source: Five strains isolated from the 
appendix by Grigoroff. One strain iso¬ 
lated from an appendix by Pr6vot. 

Habitat: Human digestive tract. Not 
common. 

22. Micrococcus anaeiobius (Hamm) 
comb. nos. (Anaerobic staphylococcus, 
Jungano, Compt. rend. Soc. Biol. Paris, 
59, 1907, 707; iStepkyloooceiit onasrshiiis 
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Hamm, Die puerperale Wundinfektion, 
Berlin, 1912; not Staphylococcus anaero- 
Irius Heurlin, Bakt. Unters. d. Keimge- 
haltes im Genitalkanale d. fiebemden 
Wdchnerinnen, Helsingfors, 1910, 120.) 
From Greek, living without air. 

Description according to Pr^vot, Ann. 
Sci. Nat., S4r. Bot., 15,1933, 209. 

Small spheres: 0.5 to 0.6 micron, 
occurring in masses. Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: Lenticular, thick. 
No gas produced. 

Broth: Turbid, later clearing. Sedi¬ 
ment. 

Glucose broth: Good growth. Nei¬ 
ther acid nor gas produced. 

Peptone water: No turbidity No 
gas. Indole not produced. 

Milk: Neither coagulated nor acidified. 

Coagulated serum not attacked. 

Egg white not attacked. 


Carbohydrates not attacked by the 
sti;^ins of Jungano. Acid feebly pro¬ 
duced from glucose and galactose by 
Pr5vot*s strain. 

Does not plasmolyse. 

Temperature relations: Optimum 36^ 
to 38®C. At 22®C growth slow, poor. 
No growth below 22®C. Killed in ten 
minutes at 80®C or in half an hour at 
60®C. 

Optimum pH 6.0 to 8.0. 

Pathogenic for guinea-pigs and 
rabbits. 

Strict anaerobe. 

Distinctive characters: Neutral red 
broth remains unchanged. No gas 
produced. 

Source: First isolated by Jungano 
from a case of cystitis. Found by Pr5vot 
in the pus from a suppurated tonsil. 

Habitat: Urinary tract, urethra, in¬ 
testine, buccal cavity and conjunctiva. 


Appendix I*: The following genus is oiganized on a physiological basis. Because of 
this no attempt is made to fit it into the classification outline. A single species has 
been described. 

Genus A, Methanococoss Kluyver and van Niel. 

(Cent. f. Bakt., II Abt., 54, 1936, 400.) 

Spherical cells, occurring singly or in masses. Motility not observed. No endo- 
spores formed. Gram-variable. Chemo-heterotrophic, anaerobic, fermenting vari¬ 
ous organic compounds with the formation of methane. Saprophytes. 

The type species is Methanococcue mazei Barker. 


1. Methanoeoccus mazei Barker. 
(Pseudosarcina, Maz5, Compt. rend. 
Soc. Biol., Paris, 78, 1915, 398; Barker, 
Arch, f. Mikrobiol., 7,1936,430.) Named 
for Maz5, the French bacteriologist who 
fi»t gave a clearly recognizable descrip¬ 
tion of this type of methane organism. 

Small spherical cells, occurring singly, 
in large, irregular masses, or in regular 
cysts of various sizes and forms. Non- 
motile. Stains readily with erythrosine. 
Gram-variable. 

Grows on calcium acetate enrichment 
medip and ferments the acetate vigor¬ 
ously. 


Grows slowly on agar containing 2 per 
cent clear mud extract. 

Ferments acetic and butyric acids with 
production of methane in the presence of 
COs. Ethyl and butyl alcohols not 
attacked. 

Does not utilize organic nitrogen. 

Obligate anaerobe. 

Grows best at 30® to 37®C. 

Sources: Garden soil, black mud con¬ 
taining HaS, feces of herbivorous ani¬ 
mals. 

Habitat: One of the most active meth¬ 
ane-producing organisms found in nature. 


•Appendixes I and II piepated by Prof. Robert 8. Breed, New York Stote 
Experiment Station, Geneva, New York, December, 1943. 
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Appendix II: The following genus is recognized by workers in the brewing industry. 
It includes species that present characters intermediate between Micrococcus^ Sarcina 
and Streptococcus, Many students prefer to regard these as species of Micrococcus 
(Hucker, N. Y. State Exper. Sta., Tech. Bui. 102, 1924, 5), of Sarcina (Mac4, Traitd 
pratique d. Bact., 4th ed., 1901, 460) or of Streptococcus (Shimwell, Sect. 670 in 
Hind, Brewing Science and Practice, New York, 1940). Others (Mees, Thesis, Delft, 
1934) Would include in the genus, the species described as Tetracoccus by Orla-Jensen 
(The Lactic Acid Bacteria, Copenhagen, 1919,76). 

Genus B, Pediococcus Balcke, 

(Wchnschr. f. Brauerei, /, 1884, 267.) 

Cocci occurring singly, in pairs and tetrads. Non-motile. No endospores. Gram¬ 
positive. Facultative anaerobes under favorable conditions, especially in acid media. 
Nitrites not produced from nitrates. Produce acidification and more or less clouding 
of wort and beer. Saprophytes. 

The type species is Pediococcus cerevisiae Balcke. 


1. Pediococcus cerevisiae Balcke. 
(Ferment No. 7, Pasteur, Etudes sur la 
bi6re, Paris, 1876, 4; Sarcina Balcke, 
Wchnschr. f. Brauerei, /, 1884, 183; 
thid., i, 1884,257; Merismopedia cerevisiae 
Dyar, Ann. N. Y. Acad. Sci., 8, 1895, 
348; Micrococcus cerevisiae Migula, Syst. 
d. Bakt., 8, 1900, 77; Sarcina cerevisiae 
Mac4, Traits Pratique d. Bact., 4th ed., 
1901, 460.) From Latin, cerevisia^ beer. 

Spheres: 1 to 1.3 microns, occurring 
singly, in pairs or tetrads. In acid media 
the latter prevail. Catalase negative. 
Non-motile. Gram-positive. 

No growth in alkaline media. 

Peptone, meat-extract gelatin: White 
becoming yellowish to yellowish brown. 
No liquefaction. 

Wort gelatin with Ca-carbonate: White 
colonies, 2 to 3 mm; carbonate dissolved. 

Meat extract gelatin stab: Growth 
along stab, white raised surface growth. 
No liquefaction. 

Litmus milk: No growth. 

Potato: Scanty growth. 

Acid from glucose, fructose, maltose, 
sucrose. 

Wort and beer: Slight to moderately 
turbid growth, strong development on 
bottom of the flask. Hop sensitive, but 
may develop in heavily hopped beers 
under special conditions. 


Does not utilize urea. 

Nitrites not produced from nitrates. 

Facultative anaerobic. 

Killed at 60^0. in 8 minutes. Optimum 
temperature: 25^0. 

Source: Sarcina-sick beer. 

Habitat: Wort, beer and beer yeast. 

Additional species have been described 
from spoiled ivort and beer which vary 
but slightly from the species first named 
and described by Balcke. These are 
listed beloar together with other species 
that have been placed in the genus. 

Pediococcus aeidUactiei Lindner. 
(Lindner, Wchnschr. f. Brauerei, 5, No. 
23, 1887, see Gent. f. Bakt., F, 1887, 342; 
also see Die Sarcina-Organismen der 
G&hrungsgewerbe, Lindner, Inaug. Diss., 
Berlin, 1888, 26, and Cent. f. Bakt., 4$ 
1888, 429; Micrococcus pseudocerevisias 
Migula, Syst. d. Bakt., F, 1900, 77; Mi¬ 
crococcus acididactici Chester, Man. 
Determ. Bact., 1901, 88.) From spoiled 
mash. 

Pediococcus albus Lindner. (Die Sar- 
oina-Organismen der Gdhrungsgewerbe, 
Lindner, Inaug. Diss., Berlin, 1887, 39; 
see Cent. f. Bakt., 4t I88B, 439; Micrococ¬ 
cus pseudosardna Migula, Syst. d. Bakt., 
F, 1900, 92; Afieroeoecus albus Chester, 
Man. Determ. Bact., 1901, 97.) From 
spoiled beer. 

Psdioeoeeus damnosus Clauam. 
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(Oompt. rend. Txav. Labor, de Carlsberg, 
6, 1906^ 68; Streptoeoecus damnosua Shim- 
well and Kirkpatrick, Jour. Inst. Brew¬ 
ing, 4Sf 1939, 137.) From clear, spoiled 
beer. 

Pediococcua halophUuB Mees. (Tetra- 
ooccus No. 1, Orla-Jensen, The Lactic 
Add Bacteria, 1919, 77; Mees, Thesis, 
Delft, 1934, 94.) From anchovy pickle*. 

Pedioeoceua hennd)ergi Allied. 
(Ztschr. Spiritusindus., fd, 1903, 491.) 
From spoiled beer. 

Pedioeoceua kochii Trevisan. (Mikro- 
kokkus in Wundsecreten bei Menschen, 
Koch; Trevisan, Igeneri e le specie delle 
Batteriacee, Milan, 1889, 28.) 

Pedioeoecuapentoaaeeua Meea. (Tetra- 
ooccus No. 2, Orla-Jensen, The Lactic 
Acid Bacteria, 1919, 78; Mees, Thesis, 
Delft, 1934, 94.) From yeast. 

Pedioeoceua pemicioaua Claussen (2oc. 
eit). From clouded, spoiled beer. 

Pedioeoceua aarcinaeform^a Reichard. 
(Ztschr. f. d. ges. Brauwesen, 17, 1894, 
257.) From spoiled beer. 

Pedioeoceua utinae equi Mees. (Pfer- 
deurinsardna, von Huth, Alg. Ztg. f. 
Bierber. u. Malzfabr., 185, 968 and 981, 
1885; ibid,, 1886, 141; Mees, Thesis, 
Delft, 1934,95.) From horse urine. 

Pedioeoceua violaceua (Ktitzing) Trevi¬ 
san. {Meriamopedia violacea KUtzihg; 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, Milan, 1889, 28.) 

Pedioplana haeckeii Wolff. (Cent. f. 
Bakt., II Abt., 18, 1907, 9.) Motile. 
From rotting beets. Placed in a new 
genus Pedioplana Wolff (loe, ciL, 9). 

Strepioeoeeua damnoaua var. mucoeua 
Shimwell. (Shimwell, Sect. 670, Hind, 
Brewing Science and Practice, New 
York, 1940.) From ropy beer. 

Appendix III*. The following species 
have been found in the literature and are 
listed here chiefly for their historical 
jnterest. Many are incompletely de¬ 
scribed, while many others are identical 


with previously described species. See 
Monographs by Winslow and Winslow, 
Systematic Relationships of the Cocca- 
eeae, 1908 and Huckcr, N. Y. State Exper. 
Sta., Tech. Buis. Nos. 99-103. Refer¬ 
ences are to Tech. Bui. 102. 

Aacococcue cantabridgenaia Hankin. 
(Quoted from Lehmann and Neumann, 
Bakt. Diag., 2 Aufl., A, 1899, 165.) Mi- 
gula (Syst. d. Bakt., A, 1900,195) reports 
he is unable to find further reference to 
this organism and we likewise are unable 
to trace it. From the human mouth. 

Ascococcus gangrenosua Be van. (Med. 
News, No. 1003,1892,375; Abst. in Cent, 
f. Bakt., IS, 1893, 796.) From a gan¬ 
grenous foot. 

Ascococcus vibrans van Tieghem. (Bui. 
Soc. Bot. France, 87, 1880, 150.) From 
water. 

Aurococcus tropicus Chalmers and 
O’Farrell. (1913, quoted from Castel- 
lani and Chalmers, Man. Trop. Med., 
3rd ed., 1919, 931.) Found in Ceylon in 
granulating ulcers of skin. 

Coccus carduus Heurlin. (Bakt. Un- 
ters. d. Keimgehaltes im Genitalkanale 
d. flebernden Wochnerinnen. Helsing¬ 
fors, 1910, 136.) Anaerobic. From 

genital canal. 

Coccus caudatua Heurlin (k>c. dt,, 84). 
From genital canal. 

Coccus vaginalia Heurlin (loc, eit,, 79). 
From genital canal. 

GalactococcuaalbusGmWehoaLU, (Land- 
wirtsch. Jahrb. d. Schweiz, 4, 1892, 27; 
Abst. in Cent. f. Bakt., 18, 1892, 101.) 
From milk from an inflamed udder. 

Oalactococcua fvlvua Guillebeau (foe. 
ctf.). From milk from an inflamed udder. 

Galactococcua versicolor Guillebeau 
(foe. cit.). From milk from an inflamed 
udder. 

Oyrococeua flaccidijex Glaser and Chap¬ 
man. (Science, S6, 1912, 219.) Isolated 
from the K^psy moth, Porthetria diapar. 

•fodoeoeeue vaginaiua Miller. (Miller, 


* Prepared for Prof. Q. J. Hucker by Mrs. Eleanore Heist Clise, New York State 
Experiment Station, Geneva, New York, March, 1943. 
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Mikroorganismen der Mundh6hle» 1889^ 
64; Bacterium iogenum Baiimgartneri 
Ergebnisse d. ges. Zahnheilk., Heft 2, 
1910,729; Abst. in Cent. f. Bakt., I Abt., 
Ref., 4S, 1911, 621.) From the oral 
cavity. 

Meriemopedia aurantiaca Maggiora. 
(Giom. Soc. Ital. d’lgiene, If, 1889, 354; 
Abst. in Cent. f. Bakt., 8, 1890, 13.) 
From the normal skin of the human foot. 

Micrococcus achrous Migula. (No. 16, 
Lembke, Arch. f. Hyg., £6, 1896, 310; 
Migula, Syst. d. Bakt., f, 1900, 201.) 
From feces. Winslow and Winslow (Sys¬ 
tematic Relationships of the Coccaceae, 
1908,224) state that this species is appar¬ 
ently a synonym of Micrococcus candi- 
cans Flilgge. 

Micrococcus acidi lactici Marpmann. 
(Erganzungsheft d. Cent, f. allg. Gesund- 
heitspflege, f, 1886, 22.) Found in fresh 
milk. 

Micrococcus acidovorax Muller-'l hur- 
gau and Osterwalder. (Cent. f. Bakt., 
II Abt., S6, 1913 , 236.) From wine. 
Hucker {loc, ct7., 6) considers this a 
synonym of Micrococcus luteus Cohn or 
Micrococcus varians Migula. 

Micrococcus acne Holland. (Jour. 
Bact., 6, 1920, 223; Staphylococcus acne 
Holland, tbid., 225; see Micrococcus cutis 
communis Sabouraud.) 

Micrococcus (Staphylococcus) acridt- 
cida Kufferath. (Ann. de Gembloux, 
f7, 1921, 253.) Isolated from diseased 
locusts from Greece. Resembles Micro¬ 
coccus aureus Zopf. 

Micrococcus aerius Chester. (No. 49, 
Conn, Storrs Agr. Exp. Sta. 7th Ann. 
Rept., 1895, 81; Chester, Man. Determ. 
Bact., 1901, 104.) From dust. Hucker 
(loc, cii.j 12) states that this species 
appears to be identical with Micrococcus 
aureus Zopf. 

M icrococcus aerogenes Miller. (Miller, 
Deutsche med. Wchnschr., /8, 1886, 119; 
not Micrococcus aerogenes Bergey et al., 
Manual, 1st ed., 1923, 70.) From the 
alimentary canal. 


Micrococcus agUia albus Gatterina. 
(Cent. f. Bakt., 1 Abt., Grig., $4, 1003, 
108.) Found in septicemia of rabbits. 
Motile with one or two flagella. 

Micrococcus albatus Kem. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1897, 479.) 
From the intestine of a woodpecker 
(Picus major), Winslow and Winslow 
(Systematic Relationships of the Coc¬ 
caceae, 1908, 199) state that this species 
appears to be a synonym of Micrococcus 
albus Schroeter; while Hucker (N. Y. 
Agr. Exper. Sta., Tech. Bull. 102, 19) 
regards it as a synonym of Micrococcus 
freudenreichii Guillebeau or Micrococcus 
ureae Cohn. 

Micrococcus albescens Hcnrici. (Arb. 
bakt. Inst. ICarlsruhe, /, Heft 1, 1894, 
76.) From cheese. Winslow and Wins¬ 
low (loc. cit,y 199) state that this species 
appears to be a synonym of Micrococcus 
albus Schroeter; while Hucker (loc. cif., 
19) regards it as a synonym of Micrococ- 
cus freudenreichii Guillebeau or of ilfi- 
crococcus ureae Cohn. 

Micrococcus albidus Losski. (Losski, 
Inaug. Diss., Dorpat, 1893, 55; not 
Micrococcus albidus Henrici, see Micro¬ 
coccus subniveus below; not Micrococcus 
albidus Roze, Conipt. rend. Acad. Sci. 
Paris, 1££, 1896, 750.) From soil. 
Hucker (loc. cit.y 19) regards this species 
as a synonym of Micrococcus freuden¬ 
reichii Guillebeau or Micrococcus ureae 
Cohn. 

Micrococcus albocercus Migula. (Sta¬ 
phylococcus cereus edbus Passet, Unter- 
such. u. d. Aetiol. d. eiterigen Phlegmone 
d. Menschen, Berlin, 1885, 53, and Fort- 
schr. d. Med., 3,1885; Micrococcus cereus 
albus FlOgge, Die Mikroorganismen, 2 
.\ufi., 1886, 182; Staphylococcus cereus 
Trevisan, I generi e le specie delle Bat- 
teriacee, Milan, 1889, 32; Migula, Syst. 
d. Bakt., F, 1900, 56; Staphylococcus 
cereus-albus Holland, Jour. Bact., 5,1920, 
225.) From human pus, also from water. 
Winslow and Winslow (Systematic Rela¬ 
tionships of the Coccaceae, 1908, 205) 
consider this a aynonym of Mieroeoccus 
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candidua Coh^ nr of Oaffkya tetragena 
Trevisan. 

Mierocoeeua aJbua Fraokland and 
Frankland. (Phil. Trans. Roy. Soc., Lon¬ 
don, 178, B, 1988, 264; not Micrococcus 
dOnis Matsuschita, C^nt. f. Bakt., I 
Abt., 89, 1901, 3^; not Micrococcus 
attms Buchanan, Veterinary Bacteri¬ 
ology, 1911, 196; not Micrococcus albus 
Mac^, Traits Pratique de Bact., 6th 
dd., 1912, 605.) From air. Resembles 
Micrococcus candicans. 

Micrococcus cdbus II Maggiora. 
(Cent. f. Bakt., 8, 1890,13.) See Micro- 
coccus opalescens De Toni and Trevisan. 
From the skin of the human foot. 

Micrococcus amplus Migula. (Grau- 
weisser Diplococcus, Bumm, Der Mikro- 
org. d. gonorrh. Schleimhauterkrank., 
1 Aufl., 1885, 17; Micrococcus albicans 
amplus FlOgge, Die Mikroorganismen, 2 
Aufl., 1886, 183; Neisseria albicans 
Trevisan, I generi e le specie delle Bat- 
teriacee, Milan, 1889, 32; Diplococcus 
albicans amplus Eisenberg, Bakt. Diag., 
3 Aufl., 1891, 24; Migula, Syst. d. Bakt., 
fl, 1900,118; Micrococcus albicans Chester, 
Man. Determ. Bact., 1901, 80.) From 
vaginal secretions. Hucker (loc, cit,, 
15) considers this species identical with 
Micrococcus albus Schroeter. 

Micrococcus ampullaceus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1 , Heft 4,1897,477.) 
From the intestine of a dove (Columba 
oenas). Hucker (loc. cit., 19) considers 
this a synonym of Micrococcus freuden- 
reichii Guillebeau or Micrococcus ureae 
Cohn. 

Micrococcus annulatus Kem (loc. cit., 
490). From the stomach contents of the 
hedge sparrow (Passer montanus) and 
the intestine of the rock dove (Columba 
lioia). Winslow and Winslow (Syste¬ 
matic Relationships of the Coccaceae, 
1906,216) consider this species a synonym 
of Micrococcus fiavus Lehmann and Neu¬ 
mann. 

Micrococcus aquaiilis Bolton. (Zschr. 
f. Hyg., 1, 1686, 94; not Micrococcus 
aqmUUis Chester, see below.) From 


water. Winslow and Winslow (loc. ct(., 
224) state that this species is apparently 
a synonym of Micrococcus candicans 
FlOgge. 

Micrococcus aquatilis Chester. (Mi¬ 
crococcus aqvolilis invisibilis Vaughan, 
Amer. Jour. Med. Sci., lOi, 1892, 183; 
Chester, Man. Determ. Bact., 1901, 88.) 
From water. Winslow and Winslow (loc. 
cit., 224) state that this species is ap¬ 
parently a synonym of Micrococcus candi¬ 
cans FlUgge. 

Micrococcus aquatilis albus. (Quoted 
from Toporoff, Protok. d. Kaiserl. kau- 
kasisch Mediz. Gesellsch., 1892, No. 21; 
Abst. in Cent. f. Bakt., 18, 18^, 487.) 
From water. 

Micrococcus aquatilis fiavus. (Quoted 
from Toporoff, loc. cit.) From water. 

Micrococcus aqueus Migula. (No. 25, 
Lembke, Arch. f. Hyg., 86, 1896, 317; 
Migula, Syst. d. Bakt., 8, 1900, 204.) 
From feces. Winslow and Winslow (loc. 
cit., 184) state that this species is appar¬ 
ently a synonym of Micrococcus aureus 
Zopf, while Hucker (loc. cit., 15) regards 
this as a synonym of Micrococcus albus 
Schroeter. 

Micrococcus arborescens lactis Conn. 
(Conn, Storrs Agr. Exp. Sta. 12th Ann. 
Rept., 1900, 46; Micrococcus lactis ar¬ 
borescens Conn, Esten and Stocking, 
Storrs Agr. Exp. Sta. 18th Ann. Rept., 
1907, 110.) From milk. Hucker (loc. 
cit., 21) regards this as a synonym of 
Micrococcus Candidas Cohn or Micrococ¬ 
cus epidermidis Hucker. 

Micrococcus argenteus Migula. (No. 
27, Lembke, Arch, f. Hyg., 86, 1896,317; 
Migula, Syst. d. Bakt., 8, 1900, 206.) 
From feces. Winslow and Winslow (loc. 
cit., 184) state that this species is appar¬ 
ently a synonym of Micrococcus aureus 
Zopf, while Hucker (loc. ctl., 10) con¬ 
siders it a synonym of Micrococcus con- 
glomeratus Migula. 

Micrococcus ascoformans Johne. (Zoo- 
gloea pulmonis equi Bollinger, Arch. f. 
path. Anat., 49, 1870, 583; Discomycee 
equi Rivolta, Giom. di Anat. e Fisiolog-i 
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10^ 1884; Johne, Ber. u..d.. Veterin. im 
KOnigr. Sachsen, Jahr 1885, 47; Abcococ- 
CUB johnei Cohn in letter to Johne, 
Deutsche Ztschr. f. Thiermed., if, 1886, 
210 \MicrococetLB hoiryogenuB Babe, Deut. 
Ztschr. f. Thiermed., if, 1886, 137; 
BoiryomyceB equi Bollinger, Deut. 
Ztschr. f. Thiermed., if, 1^, 176; 
SoiryococcuB oBCoformariB Kitt, Cent. f. 
Bakt., f, 1888, 2A7 ; . Bollingera equi 
Trevisan, I generi e le specie delle Bat> 
teriacee, Milan, 1889, 26; StaphylococcuB 
OBcoformauB Ford, Textb. of Bact., 1927, 
424; StaphylococcuB aureus var. equi 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 504.) Causes botryomycosis in 
horses. Lehmann and Neumann (Bakt. 
Diag., 7 Aufl., f, 1927 , 291) consider this 
a form of Micrococcus aureus Zopf; while 
Hucker {loc, cit.y 15) regards this as a 
form of Micrococcus alhus Schroeter.^ 

Micrococcus ascoformis Fermi. (Arch, 
f. Hyg., iO, 1890, 10.) Presumably in¬ 
tended for Micrococcus osco/ormans Johne. 

Micrococcus . asper Migula. (Seibert, 
Inaug. Diss., WUrzburg. 1894,12; Migula, 
Syst. d. Bakt., f, 1900, 82.) From a 
hairbrush. Winslow and Winslow (foe. 
eii., 205) consider this species to be a 
synonym of Micrococcus candidus Cohn 
or of Gaffkya teiragena Trevisan. 

Micrococcus aurantiacus-sorghi Bruyn- 
ing. (Arch. N^er. Sci. Exact, et Nat., 
i, 1898, >297; Streptococcus aurantiacus 
Chester, Man. Determ. Bact., 1901, 69.) 
From sorghum. 

Micrococcus aureus Chester. {Micro¬ 
coccus cremoides aureus Dyar, Ann. N. Y. 
Acad. Sci., 8,1895, 349; Chester, Manual 
Determ. Bact., 1901, 99.) From dust. 
Regarded by Dyar as a varietal form of 
Micrococcus cremoides Zimmermann. 
Winslow and Winslow (foe. ct(., 184) 
consider this species a synonym of Mi¬ 
crococcus aureus Zopf. 

Micrococcus aureus laciis Conn. (Storrs 
Agr. Exp. Sta. I2th Ann. Kept., 1900, 
36.) From milk. This seems to be 
identical with Micrococcus laciis aureus 
A, Conn,.Eaten and Stocking,.Storrs 


Agr, Exper. Sta. 18th Ann. Kept., 1907, 
119. Hucker (loc, cit,, 9) regards this 
species as identical in part with Micrococ¬ 
cus fiavus Lehmann and Neumann and 
with Microgoccus conglomeratus Migula. 

Micrococcus (Sarcina) haccatus Migula. 
(No. 18, Lembke, Arph. f. Hyg.,f6,1896, 
311; Migula,Syst. d. Bakt., f, 1900, 202.) 
From feces. Winslow and Winslow (loc. 
cit., 232) state that this is a yellow, gela¬ 
tin-liquefying sarcina, apparently a syn¬ 
onym of Sarcirmfiava De Bary. Hucker 
(loc, cit,, 10) considers this a synonym of 
Micrococcus conglomeratus Migula. 

Micrococcus badius Lehmann and Neu¬ 
mann. (Bakt. Diag., 1 Aufl., f, 1896, 
163.) Received from the Krai collection 
as Sarcina lutea. Winslow and Winslow 
(loc, cit., 216) consider this a.synonym 
ot Micrococcus flavus Lehmann and Neu¬ 
mann. 

Micrococcus baregensis purpureus Ro- 
bine and Hauduroy. (Compt. rend. Soc. 
Biol., Paris, 98, 1928, 25.) From hot 
sulfur springs at Barges. 

Micrococcus beigelii (Rabenhorst) Mi¬ 
gula. (Pleurococcus beigelii KUchen- 
meister and Rabenhorst, Hedwigia, 1867, 
No. 4; Sclerotium beigelianum Hallier, 
1868; Zoogloea beigdiana Eberth, 1873; 
Hyalococcus beigelii Schroeter, Kryptog.- 
Flora V. Schlesien, S, 1, 1886, 152; 
Chlamydatomus beigdii Trevisan, Rendi- 
conti Reale Inst. Lombardo de Sci. e 
Lett., Ser. II, 18, 1879, 22; Migula, Syst. 
d. Bakt., f, 1900, 193; Triehosporum 
beigdii Vuillemin, 1901.) From human 
hair. 

Micrococcus beri-beri Pekelharing. 
(Pekelharing, Weekblad v. h. Ned. 
Tijdschr. v. Geneesk., No. 25; also 
Pekelharing and Winkler, Deut. med. 
Wchnschr., No. 39, 1887, 845; Neisseria 
winkleri Trevisan, I generi e le specie 
delle Batteriacee, Milan, 1889,32.) Con¬ 
sidered the cause of beri-beri by Pekel¬ 
haring. Winslow and Winslow (foe. cit., 
184) state that this is apparently a 
synonym of Microcoeeus aureus .Zopf; 
while Hucker (foe. eit., 11) eonsMita 
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this a synonym of Mxctococcub ciireus 
Migula. 

Micrococcus hicolor Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1897, 485.) 
From the intestine of a dove (Columha 
oenas), Hucker (loc, cit,, 21) considers 
this a synonym of Micrococcus candidus 
Cohn or of Micrococcus epidermidis 
Hucker. 

Micrococcus hillrothii (Cohn) Migula. 
(Aseococcus hillrothii Cohn, Beitr. z. 
Biol. d. Pfianzen, i, Heft 3, 1875, 151; 
Migula, Syst. d. Bakt., f, 1900, 195.) 
Found in putrefying meat infusion. 

Micrococcus biskra Heydenreich. 
(Heydenreich, Ausgabe d. Haupt Med.- 
Verhalt., St. Petersburg, 1888; see Cent, 
f. Bakt., 5, 1889, 153; Staphylococcus 
biskrae Trevisan, I generi e le specie delle 
Batteriacee, Milan, 1889, 32; Micrococ- 
eus heydenreichii Chester, Man. Determ. 
Bact., 1901, 91.) Found in ulcers in an 
Oriental skin disease. Winslow and 
Winslow (loc. cit,^ 184) state that this is 
apparently a synonym of Micrococcus 
aureus Zopf; while Hucker {loc, cii., 
11) considers it a synonym of Micrococ¬ 
cus citrous Migula. 

Micrococcus boleti Passerini. (Erbar. 
crittogam. Italiano, II ser., No. 1199; 
quoted from Trevisan, I generi c le 
specie delle Batteriacee, Milan, 1889, 
34.) Saprophytic on a fungus (Boletus 
edulis). 

Micrococcus bombycis (Naegeli) Cohn. 
(PanhistophyUm ovatum Lebert, Jahres- 
ber. tl. d. Wirksamkeit d. Vereins z. 
Befdrd. d. Seidenbaues f. Brandenburg 
im Jahre 1856-57, 28; and Berliner En- 
tomolog. Ztschr., 1858; Nosema bombycis 
Naegeli, Botan. Sect. d. 33 Versaramlg. 
d. Naturf. u. Aerzte in Bonn, 1857, 160; 
and Botan. Zeitg., 1857, 760; Microzyma 
bombycis B5champ, Compt. rend. Acad. 
Sci., Paris, 5^, 1867, 1045; Cohn, Beitr. 
z. Biol. d. Pfianzen, f, Heft 2, 1872,165; 
Micrococcus ovatus Winter, in Baben- 
horst, Krypt. Flora v. Deutschl., Oes- 
terr. u. d. Schweiz, 2 Au6., /, 1884, 47; 
Streptococcus bombycis Zopf, Die Spalt- 


pilze, 2 Aufl., 1884, 52.) Found in the 
blood and organs of diseased silkworms 
(Bombyx mori). 

Micrococcus boreus Issatchenko. (Re- 
cherches sur les Microbes de I’Oceto 
Glacial Arctique, Petrograd, 1914, 144.) 
From sea water. 

Micrococcus bovinus Migula. (Micro¬ 
coccus der Lungenseuche der Hinder, 
Poels and Nolen, Fortschr. d. Med., 
1886, 217; Migula, Syst. d. Bakt., F, 
1900, 67.) From the lungs of diseased 
cattle. Hucker (loc, cit,, 22) regards 
this a synonym of Micrococcus candidus 
Cohn or of Micrococcus epidermidis 
Hucker. 

Aficrococcus bovis Migula. (Hemato- 
coccus, Babes, Compt. rend. Acad. Sci., 
Paris, 107, 1888, 692 and 110, 1890, 800 
and 975; also see Arch. f. path. Anat., 
116, 1889; Neisseria babesi Trevisan, I 
generi e le specie delle Batteriacee, 
Milan, 1889, 32; Haematococcus bovis 
Eisenberg, Bakt. Diag., 3 Au6., 1891, 
271; Migula, Syst. d. Bakt., F, 1900, 85.) 
From the blood and organs of cattle. 

Micrococcus burchardti Trevisan. 
(Coccus bei keratitis phlyctaenulosa, 
Burchardt, Cent. f. Bakt., 1, 1887, 392; 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, Milan, 1889, 33.) Pathogenic. 
From the cornea of a rabbit. 

Micrococcus butyri (v. Klecki) Migula. 
{Diplococcus butyri von Klecki, Cent, 
f. Bakt., 16, 1894, 358; Migula, Syst. d. 
Bakt.,F, 1900,216.) From rancid butter. 
Winslow and Winslow (loc, cit,, 220) con¬ 
sider this a synonym of Micrococcus 
luteus Cohn. 

11 icrococcus butyri fluorescens Teichert. 
(Inaug. Diss., Jena, 1904; Abst. in Cent, 
f. Bakt., II Abt., IS, 1904, 561.) From 
milk. Exhibits a green fluorescence. 

Micrococcus butyricus (von Klecki) 
Migula. (Tetracoccus butyricus von 
Klecki, Cent. f. Bakt., 16, 1894, 360; 
Migula, Syst. d. Bakt., F, 1900, 216.) 
From rancid butter. Winslow a^d Win¬ 
slow (he, eit,, FFO) consider this a syn¬ 
onym of Micrococcus luisus Cohn. 
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MicrococcuB calco-aceiicuB Beijerinck. 
(Proc. Sect. Sci., Kon. Akad. v. Weten- 
schappen, 1$^ 1911, 1066; Abst. in Cent, 
f. Bakt., II Abt., $1, 1912, 290.) Occurs 
commonly in soils. 

Micrococcus campeneus Orme. (Jour. 
Trop. Med. and Hyg., II, 1908, No. 10, 
May 16; Abst. in Cent. f. Bakt., I Abt., 
Ref., 4S, 1909, 299.) 

Micrococcus candicans Fltigge. (Die 
Mikrooiganismen, 2 Aufl., 1886, 173; 
Albococcus candicans Winslow and 
Rogers, Jour. Inf. Dis., 5, 1906, 544; 
Staphylococcus candicans Holland, Jour. 
Bact., 5, 1920, 225.) From air, water 
and milk. Hucker {loc, cit,, 22) regards 
this a synonym of Micrococcus candidus 
Cohn or of Micrococcus epidermidis 
Hucker. For a description of this spe¬ 
cies, see Bergey et al.. Manual, 5th ed., 
1939, 255. 

Micrococcus canescens Migula. (Mi¬ 
crococcus No. 4, Adametz, Landwirtsch. 
Jahrb., IB, 1889, 240; Migula, Syst. d. 
Bakt., F, 1900, 51; Albococcus canescens 
Winslow and Rogers, Jour. Inf. Dis., 3, 
1906, 544; Staphylococcus canescens Hol¬ 
land, Jour. Bact., 5, 1920, 225.) From 
Emmenthal cheese. Winslow and Win¬ 
slow (loc. cit., 224) state that this is 
apparently a synonym of 3/icrococcus 
candicans FlUgge. 

Micrococcus capillorum (Buhl) Tre- 
visan. (Zoogloea capillorum Buhl, 
Ztschr. f. ration. Med., II Reihe, H, 18-, 
356; Palmella capillorum Ktihn, Abhandl. 
d. Naturf. Ges. zu Halle, 9, Heft 1, 18-, 
62; Palmellina capillorum Rabenhorst, 
Flor. Eur. Alg., 3,1856 (?), 35;Trevisan, 
I generi e le’specie delle Batteriacee, 
Milan, 1889, 33.) From the skin. Cotv- 
sidered pathogenic. 

Micrococcus capsaformans Jamieson and 
Edington. (Brit. Med. Jour., I, June 11, 
1887,1262; Micrococcus capriformis (sic), 
Abst. in Cent. f. Bakt., F, 1887, 223.) 
From the scales and blood of Ccarlet 
fever patients. Not pathogenic. 

Micrococcus earbo Renault* (Compt. 
rend. Acad. Sci., Phris, US, 1806| 085.) 


Micrococcus carneus Zimmermann. 
(Roter (Coccus, Maschek. Bakt. Unter- 
such d. Leitmeritz. Trinkwassers, No. 
5, 1887, 60; Zinunermann, Die Bakt. 
unserer Trink- u. Nutzwfisser, Chem¬ 
nitz, I Reihe, 1890, 78.) From water. 
Hucker (loc, cit., 25 and 26) regards 
this species as identical with Micrococcus 
roseus Fltigge or Micrococcus cinna- 
bareus Fltigge. 

Micrococcus carnicolor Frankland and 
Frankland. (Phil. Trans. Roy. Soc. 
London, 178, B, 1888, 263; not Micrococ¬ 
cus carnicolor Kern, see Micrococcus 
subcarneus below.) From air. Hucker 
(loc, cit., 25) states that this species 
may be identical with Micrococcus 
roseus Fltigge. 

Micrococcus carniphilus Wilhelmy. 
(Arb. bakt. Inst. Karlsruhe, 5,1903,10.) 
From a meat extract. 

Micrococcus casei ctmari edamicus 
Raamot. (Inaug. Diss., Kdnigsberg, 1906; 
Abst. in Cent. f. Bakt., II Abt., 18, 
1907,348.) From pasteurized skim milk. 

Micrococcus castellanii Chalmers and 
O’Farrell. (Ann. Trop. Med. and Para- 
sitol., 7,1913,528; Rhodococcus castellanii 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919,2102.) Found in the 
red variety of trichomycosis axillaris, a 
tropical disease. 

Micrococcus cartharinensis Issat- 
chenko. (Recherches sur les Microbes 
de rOcedn Glacial Artique, Petrograd, 
1914, 148.) From sea water. 

Micrococcus cellaris (Schroeter) Mi¬ 
gula. (Leucocystis cellaris Schroeter, 
Kryptog. Flora v. Schlesien, 5,1886,152; 
Migula, Syst. d. Bakt., S, 1900, 195.) 
From a coating on the walls of damp 
cellars and mines. 

Micrococcus centropunctatus Issat- 
chenko. (Recherches sur les Microbes 
de I’Ocedn Glacial Arctique, Petrograd, 
1914, 146.) From sea water. 

Micrococcus csrasinus Migula. (Mi¬ 
crococcus aus roter Milch, Keferstein; 
Cent. f. Bakt., I Abt., SI, 1897,177; Jfi- 
crococeut csrasinus lactis Heim, Lebrb. 
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d. Bakt., 2 Aufl., 1898» 299; Migula, 
3y8t. d. Bakt.» 1900, 170; not Micro- 
coceia earosmtit Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., f, 1096, 179; Micro- 
eoeeuM ktferoUinii Chester, Man. De* 
term. Bact., 1901,107.) From red milk. 
Hueker (loe. eti., 26) regards this species 
aa identical with Mierococcuo cinna- 
bareuo FlOgge. 

Mieroeoccua eereus Migula. (Staphy- 
loeoeeus eerous Jlavua Passet, Unter- 
suchungen Ober die Aetiologie der eiteri- 
gen Phlegmons des Mensehen, 1885, 53; 
Mieroeoccua eereua flavua FlOgge, Die 
Mikrooiganismen, 2 Aufl., 1886, 182; 
Siaphyloeoceua paaBeti Trevisan, I generi 
e le specie delle Batteriacee, Milan, 
1888,32; Migula, Syst. d. Bakt., 2,1900, 
126; Siaphyloeoceua ccreua-flaoua Hol¬ 
land, Jour. Bact., 5, 1920, 225.) From 
pus. Winslow and Winslow (loc. cfL, 
220) consider this species identical with 
Microeoeeua Ivicua Migula. For a de¬ 
scription of this oiganikn, see Bergey 
et 'al., Manual, 5th ed., 1939, 241. 

Microeoeeua eereua aureua Dyar. 
(Ann. N. Y. Acad. Sci., 8, 1895, 347.) 
Obtained as Siaphyloeoceua eereua aureua 
from Krai’s laboratory; also found in air. 

Microeoeeua eerinua Henrici. (Arb. 
bakt. Inst. Karlsruhe, i, Heft 1, 1894, 
84.) From Swiss cheese. Winslow and 
Winslow (Joe, cii., 216) consider this a 
qrnonym of Microeoeeua flavua Trevisan. 

Microeoeeua eheraoneaia Corbet. 
(Quart. Jour. Rubber Research Inst., 
Malaya, 2, 1930, 150.) From the latex 
of the rubber tree (Hevea braailienaia). 
For a description of this speciesi see 
Bergey et al.. Manual, 5th ed., 1939, 
268. 

Microeoeeua ehinieua Emmerling and 
Abderhalden. (Cent. f. Bakt., II Abt., 
10, 1902, 337.) Putrefying meat. 

Microeoeeua ehforinua Cohn. (GrOn- 
gelber Coccus, Maschek, Jahresber. d. 
Kbm.- Oberrealschule su Leitmerits, 
1887,66; Cohn, Beitr. s. Biol. d. Pflanxen, 
i, Sieft 2, 1872, 155.) From water and 
dust. Hueker (foe. dL, 10) considers 


this a synonym of Aftcrococcua eonglom^ 
eratua Migula. 

Microeoeeua chromidrogenua citreua 
Trommsdorff. (MOnch. Med. Wochn- 
schr., 1904, No. 29, 1286; Abst. in Cent, 
f. Bakt., I Abt., Ref., 27, 1905, 60.) 
Isolated from a case of chromidrosis of 
the axilla. 

Microeoeeua chromidrogenua ruber 
Trommsdorff {loe. eiU), Isolated from 
a ease of chromidrosis of the axilla. 

Microeoeeua chromoflavua Huss. 
(Cent. f. Bakt., II Abt., 19, 1907, 520.) 
From cheese 

Microeoeeua chryaeua Frankland and 
Frankland. (Phil. Trans. Roy. Soc. 
London, 178, B, 1888, 268.) From dust. 
Winslow and Winsidw (loe. ciL, 184) 
state that this species is apparently a 
synonym of Microeoeeua aureua ZopL 

Microeoeeua einnabarinua Zimmer- 
mann. (Die Bakt. unserer Trink- u. 
Nutzwasser, Chemnitz, 1 Reihe, 1890, 
76.) From water. Hueker (foe, ciU, 26) 
regards this species as identical with 
Microeoeeua cinnahareua Fltigge. 

Microeoeeua cirrhiformia Migula. 
(Ranken Coccus, Maschek, Jahresber. 
d. Kom.- Oberrealschule in Leitmerits, 
1887, 66; Migula, Syst. d. Bakt., 2,1900, 
53.) From water. Hueker (loe, cii,, 22) 
considers this a synonym of Microeoeeua 
eandidua Cohn or of Microeoeeua epider- 
midia Hueker. 

Microeoeeua ciireua I and II, Maggiora. 
(Giorn. Soc. Ital. dTgiene, 11, 1889, 354; 
Abst. in Cent. f. Bakt., 8, 1^, 13; not 
Microeoeeua eitraua Eisenberg, Bakt, 
Diag., 3 Aufl., 1891, 36; not Microeoeeua 
ciireua Migula, Syst. d. Bakt., 2, 1900, 
147; not Microeoeeua ciireua Winslow and 
Winslow, Systematic Relationships of 
the Coccaceae, 1908, 218.) From the 
normal skin of the foot. 

Microeoeeua citreua granvlatua Freund. 
(Inaug. Diss., Erlangen, 1893, 27; Abst. 
in Cent, f. Bakt., 16, 1894,641; Microeoe¬ 
eua granulaiua Basarewski, Cent. f. 
Bakt., II Abt., 13, 1905,7; not Microeoe¬ 
eua gre^ulatua Weiss, Arb. bakt. Inst. 
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Karlsruhe, t. Heft 3, 1902, 197.) From 
the oral cavity. Hucker (loe, eit., 9) 
regards this as a synonym of Microcoecua 
flavua Trevisan. 

MicfQ^ccuB ciireuB lactiB Conn, 
(Storrs Agr. Exp. Sta. 12th Ann. Kept., 
1900, 40.) From milk. Hucker (loc, 
ctL, .10) considers this a synonym of 
MicrococcyiB conglomeratuB Migula. 

MicrococcuB cUtbub rigenaiB Bazarew- 
ski. (Cent. f. Bakt., II Abt., M, 1905, 
5.) From dust. 

Micrococcus ciirinuB Migula. (Diplo- 
coccus cilreuB- liquefaciens Unna and 
Tomxnasoli, Monats. f. prakt. Dermatol- 
ogie, 9, 1889, 56; Migula, Syst. d. Bakt., 
3,1900,150; Micrococcus tommasoli Ches¬ 
ter, Man. Determ. Bact\ 1901, 101; Mi¬ 
crococcus ciireuB liquefaciens Winslow 
and Winslow, Systematic Relationships 
of the Coccaceae, 1908, 216.) From hu¬ 
man skin in a case of eczema. Winslow 
and Winslow (loc. cii,^ 216) consider this 
a synonym of Micrococcus flavus Trevi- 
san. 

Micrococcus daviformis von Besser. 
(Beitr. z. path. Anat. u. z. allgem. Path., 
d, 1889, 340; see Cent. f. Bakt., 7, 1890, 
152.) Found once in nasal secretions. 

Micrococcus coccineus Migula. (Mi¬ 
crococcus No. VI, Adametz, Landwirtsch. 
Jahrb., /8, 1889, 242; Migula, Syst. d. 
Bakt., 1900, 174.) From Emmenthal 
cheese. Hucker (loc. cii.^ 26) regards 
this species identical with Micrococcus 
cinnabareu^ FlOgge. 

Mierococctis coli brevis Lehmann. 
(Lehmann, Inoiug. Dies., MOnchen, 
1903; Abst. in Cent. f. Bakt., I Abt., 
Ref., $6, 1905, 688.) From feces of in¬ 
fants. 

Micrococcus communis laclia Conn. 
(Storrs Agr. Exp. Sta. 12th Ann. Kept., 
1900, 48.) From milk. Hucker (loc. 
eit.f 19) considers this a synonym of 
Micrococcus freudenreiehii Guillebeauor 
of Micrococcus ureas Cohn. 

Micrococcus commensalis (Turrd) Mi- 
gttla. (Diplocouus commensalis Turr6, 
Cent, f. Bakt., 19, 1894,1; Migula, Syst. 


d. Bakt., f, 1900, 126.) From sputum. 
Winslow and Winslow (loc. cit., 220) 
consider this a synonym of Micrococcus 
luteus Cohn. 

Micrococcus ^mmutatus De Toni and 
Trevisan. (Micrococcus albus I or Mi¬ 
crococcus albus fluidificans Maggiora, 
Giorn. Soc. Ital. d’lgiene, 11, 1889, 360; 
De Toni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 1079.) 

Micrococcus concentricus Zimmermann. 
(Die Bakt. unserer Trink- u. Nutz- 
w&sser, Chemnitz, I Reihe, 1890, 86.) 
From water. Winslow and Winslow 
(loc. cit., 224) state that this is appar¬ 
ently a synonym of Micrococcus candicans 
FlOgge. 

Micrococcus confluens Kem. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 4, 1897, 
494.) From the stomach and intestine 
of the starling (Sturnus vulgaris) and 
the finch (Fringella carduelis). Win¬ 
slow and Winslow (loc. cit.,*219) consider 
this a synonym of Micrococcus flavus 
Trevisan. 

Micrococcus conjunctivae Migula. 
(Micrococcus liquefaciens conjunctivae 
Gombert, Recherches exp^rimentales sur 
les microbes des conjunctives, Mont¬ 
pellier and Paris, 1889; Migula, Syst. d. 
Bakt., y, 1900, 115.) From normal hu¬ 
man conjunctiva. Hucker (loc. cit., 15) 
considers this a synonym of Micrococcus 
albus Schroeter. 

Micrococcus conjunctividis Migula. 
(Micrococcus flavus conjunctivae Gom- 
hert, Recherches exp6rimentales sur les 
microbes des conjunctives, Montpellier 
and Paris, 1889; Migula, Syst. d. Bakt., 
t, 1900, 141.) From normal human con¬ 
junctiva. Winslow and Winslow (loc. 
cit., 216) consider this a synonym of 
Micrococcus flavus Trevisan; while 
Hucker (loc. cit., 11) regards it as a 
synonym of Micrococcus citreus Migula. 

Micrococcus conoideus Migula. (Staph- 
yloeoecus salivarius pyogenes Biondi, 
Ztschr. f. Hyg., 9, 1887,227; Staphylococ¬ 
cus sialopyus Trevisan, I generi e le 
specie delle Batteriacee, Milan, 1880, 
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82; MierococcuB aalwarius pyogerua 
Freire, M6moire sur la baclAriologie, 
pathoi^e, traitement et prophylaxie 
de la fievre jaune. Rio de Janiero, 1898; 
Abat. in Cent. f. Bakt., I ^bt., HO, 1899, 
741; Staphylococcus pyogenes sdlivarius, 
quoted from Goadby, Trans, of Odon- 
tolog. Society, June, 1899, see Abst. in 
Cent. f. Bakt., I Abt., Ref., SI, 1902,493; 
Migula, Syst. d. Bakt., 8, 1900, 102.) 
From saliva. Hucker (loc. cit,, 12 and 
15) regards this as a synonym of Micro- 
coccus aureus Zopf or of Micrococcus 
albua Sehroeter. 

Micrococcus coraUinus Cantani. (Can> 
tani. Cent. f. Bakt., I Abt., 85,1898,311; 
Rhodococcus coralinus (sic) Levine and 
Soppeland, Iowa State Coll. Engineer- 
ing Exp. Sta. Bui. 77, 1926, 22.) From 
dust. Hucker (loc. ciL, 25) considers this 
a synonym of Micrococcus roseus FlCkgge. 
Levine and Soppeland (loc. cit.) regard 
this as a synonym of Rhodococctis fvlvua 
Winslow and Rogers. For a description 
of this species, see BeiRey et al.. Manual, 
5th ed., 1939, 253. 

Micrococcus coralloides Zimmermann. 
(Die Bakt. unserer Trink- u. Nutzw&sser, 
Chemnitz, II Reihe, 1894, 72.) From 
water. Winslow and Winslow (loc. cit., 
190) state that this species appears to be 
a synonym of Micrococcus albus Zopf; 
while Hucker (loc. cit., 17) considers it a 
qmonym of Micrococcus caseolytieus 
Evans. 

Micrococcus cerrugaius Migula. 
(Merismopsdia meseniericus corrugaius 
l)yar, Ann. N. Y. Acad. Sci., 5, 1895, 
355; Migula, Syst. d. Bakt., 5,1900,161.) 
From dust. Winslow and Winslow (Joe. 
cit., 216) consider this a synonym of 
Micrococcus flanfus Trevisan. 

Micrococcus eoryzae (Hajek) Migula. 
(Dijdocoecus eoryzae Hajek, Berliner 
iiin. Wochnschr., No. 38, 1888; Migula, 
Syst. d. Bakt., 8,1900,68.) From secre¬ 
tions in acute catarrh. Winslow and 
Winsbw (loc. cit., 205) consider this a 
eynonym of Micrococcus candidus Cohn 
or of Oaifkya tdragena Trevisan. 


Micrococcus ersmoides Zimmermann. 
(Die Bakt. unserer Trink- u. Nutzw&sser, 
Chemnitz, I Reihe, 1890, 74.) From 
water. Winslow and Winslow (loc. cit,, 
216) consider this a synonym of itficro- 
coccus fiavus Trevisan; while Hucker 
(loc. cit., 10) considers it a synonym of 
Micrococcus conglomeratus Migula. 

Micrococcus cremoides albus Dyar. 
(Ann. N. Y. Acad. Sci., 8, 1895, 350). 
From dust. Regarded by Dyar as a 
white form of Micrococcus ersmoides 
Zimmermann. 

Micrococcus cretnorisviscosi (Hammer 
and Cordes) Bergey et al. (Staphylococcus 
cremoris-viscosi Hammer and Cordes, 
Jour. Dairy Sci.,^, 1920, 291; Beigey et 
al.. Manual, 3r(l ed., 1930, 86.) From 
ropy milk. For a description of this 
species, see Bergey et al., Manual, 5th 
ed., 1939, 254. 

Micrococcus erepusculum (Ehrenberg) 
Cohn. (Monas erepusculum Ehrenberg, 
Abhandl. d. Berliner Akad., 1830,74 and 
1832,57; Cohn, Beitr. z. Biol. d. POanzen, 
f, Heft 2,1872,100.) De Toni and Trevi¬ 
san (in Saccardo, Sylloge Fungorum, 8, 
1889,1082) list the following as synonyms 
of this species; Protococcus nebulosus 
KOtzing, Linneae, 8, 1833, 365; Crypto¬ 
coccus ndmlosus KOtzing, Phyool. gener., 
1845, 147; Cryptococcus natans KUtzing, 
Spec. Alg., 1849, 146. 

Micrococcus cretaceus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
65.) From cheese. Winslow and Wins¬ 
bw (loc. cit., 224) state that this is appar¬ 
ently a synonym of Micrococcus candicans 
FlOgge. 

Micrococcus cristatus Glage. (Ztschr. 
f. Fleisch- u. Milch-hygiene, 10, 1900, 
145.) From the surface of wurst and 
simibr meat products. 

Micrococcus cruciformis Freire. 
(Compt. rend. Acad. Sci., Paris, 185, 
1899, 1047.) From the stamens and 
pistils of Hibiscus. 

Micrococcus cumulatus Kem. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1807, 
497; not Micrococcus eumuUUus Chester, 
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866 Micrococcus tenuissimus Migula.) 
From the stomach and intestine of the 
yellow-hammer (Emberiza citrinella) and 
of the finch (Fringella carduelis), 
Hucker (loc, cit., 25) regards this as a 
synonym of Micrococcus roseus FlUgge. 

Micrococcus cupular is Migula. (No. 
29, Lembke, Arch. f. Hyg., fP, 1897, 331; 
Migula, Syst. d. Bakt., P, 1900,211.)From 
feces. Winslow and Winslow (loc. ciL, 
216} consider this a synonym of Micrococ¬ 
cus flaous Trevisan. 

Micrococcus cupuliformis Migula. (No. 
19, Lembke, Arch. f. Hyg., fP, 1897, 325; 
Migula, Syst. d. Bakt., 2, 1900, 213.) 
From feces. Winslow and Winslow (loc. 
cit., 220) consider this a synonym of 
Micrococcus luteus Oohn. 

Micrococcus curtissi Chorine. (Chor¬ 
ine, Internat. Corn Borer Invest. Chi¬ 
cago, f, 1929, 48.) From diseased larvae 
of the corn borer (Pyrausia nuhilalis). 
Also virulent to larvae of the fiour moth 
(Ephestia kUhnidla) and of the bee moth 
(OaUeria mellonella). 

Micrococcus cutis communis Sabouraud. 
(Sabouraud, Ann. d. dermatol. et syphil., 
1896, Heft 3; Abst. in Cent. f. Bakt., I 
Abt., PO, 1896, 249; Staphylococcus cutis 
communis Sabouraud, Practique Derma- 
tologique, i, 1903, 714.) From human 
skin especially in alopecia areata, certain 
types of eczema and acne. May be the 
same as Micrococcus epidermidis Hucker. 

Micrococcus cyaneus (Schroeter) Cohn. 
(Bacteridtum cyaneum Schroeter, Beitr. 
z. Biol. d. Pflanzen, i. Heft 2, 1872, 122 
and 126; Cohn, ibid.^ 156; Nigrococcus 
cyaneus Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 932.) From 
dust and water. 

Micrococcus cyanogenus Pammel and 
Combs. (Proc. Iowa Acad. Sci., 5,1895, 
136; see Abst. in Cent. f. Bakt., II Abt., 
P, 1896,764.) From milk. 

Micrococcus cydops Henrici. (Arb. 
bakt Inst. Karlsruhe, I, Heft 1, 1894, 
69.) From Swiss cheese. Winslow and 
Winslow (loe. etf., 224) state that this is 


apparently a synonym of Micrococcus 
candicans FlCigge. 

Micrococcus cystiopoeus Mttller-Thur- 
gau. (Cent. f. Bakt., II Abt., 20, 1908, 
464.) From wine. 

Micrococcus * cytophagus Merker. 
(Cent. f. Bakt., II Abt., SI, 1912, 589.) 
Found on the leaves of Elodea. Utilizes 
cellulose. Stanier (Bact. Rev., 6, 1942, 
150) thinks that these micrococci were 
microcysts of Sporocytophaga spp. 

Micrococcus dantecii Chester. (Coc¬ 
cus du rouge de morue, Le Dantec, Ann. 
Past. Inst., 6, 1891, 662; Chester, Man. 
Determ. Bact., 1901, 106.) From red 
salted codfish. Hucker (loc. cit., 25) 
considers this a synonym of Micrococcus 
roseus Flugge. 

Micrococcus decalvens (Thin) Schroe¬ 
ter. (Bacterium decalvens Thin, Monats. 
f. prakt. Dermatol., No. 28, 1885; Schroe¬ 
ter in Cohn, Kryptog.-Flora v. Schlesien, 
3, 1, 1886, 149.) From hair follicles in 
alopecia areata. 

Micrococcus decipiens Trevisan. (Bac- 
t6rie de Pair, Cornil and Babes, Les 
Bact6ries, 1885,124; Trevisan, I generi e 
le specie delle Batteriacee, Milan, 1889, 
34.) From dust. 

Micrococcus (Streptococcus ?) decolor 
Migula. (No. 22, Lembke, Arch. f. 
Hyg., 26, 1896, 314; Migula, Syst. d. 
Bakt., 2, 1900, 203.) From feces. 

Hucker (loc. cit., 17) considers this a 
synonym of Micrococcus caseolyticus 
Evans. 

Micrococcus deformans Crowe. (Brit. 
Med. Jour., Nov. 27, 1920, 815; Abst. 
in Cent. f. Bakt., I Abt., Ref., 75. 1922, 
84.) From cases of arthritis. A form 
of Micrococcus pyogenes albtis according 
to Lehmann and Neumann (Bakt. Diag., 
7 Aufl., 2, 1927, 293). 

Micrococcus delacourianus Roze. 
(Compt. rend. Acad. Sci., Paris, 123, 
1896, 613 and 1323.) From dry rotting 
potatoes. 

Micrococcus dendroporthos Ludwig. 
(Cent. f. Bakt., 10, 1891,10.) From the 
bark of poplar trees (Populus sp.). 
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Micrococcus denitrificans Beijerinck. 
(Cent. f. Bakt., II Abt„ SS, 1910, 53.) 
From Rochelle salts (sodium potassium 
tartrate). 

Micrococcus derrnatogenes Fuhrmann. 
(Cent. f. Bakt., II Abt., 17, 1906, 618.) 
From bottled beer. 

Micrococcus dijfluens Schroeter. (In 
Cohn, Kryptog.-Flora v. Schlcsien, S, 1, 
1886, 144.) From dust, feces, etc. 

Micrococcus dimorphus Bucherer. 
(Planta, Arch. f. wissen. Bot., 1934, 98.) 
A dimorphic bacterium. He reports it 
as much like Micrococcus meUtensts 
Bruce and Baden um fraenkclii Hashi- 
moto. 

Micrococcus diphtericus (sic) Cohn. 
{Micrococcus, Oertel, Deutsch. .Vrch. f. 
klin. Med., 8, 1871; Cohn, Beitr. z. Biol, 
d. Pflanzen, 1, Heft 2, 1872, 162; Strepto¬ 
coccus diphtheriticus Zopf, Die Spalt- 
pilze, 3 Aufl., 1885, 53.) From throats 
and nasal passages of diphtheria patients. 

Micrococcus dissimilis Dyar. (See 
Sattler, Cent. f. Bakt.,5,1889,70; Dyar, 
Ann. N. Y. Acad. Sci., 8,1895,353; Micro¬ 
coccus trachomatis conjunctivae Sattler in 
Krai, Die gegenwartigen Bestand der 
KraPschen Sammlung von Mikroorgan- 
ismen, 1900, 19.) From trachoma infec¬ 
tions. Hucker {loc. cit,, 17) considers 
this a synonym of Micrococcus caseolyticus 
Evans. 

Micrococcus djokjakartensis Zettnow. 
(Cent. f. Bakt., I Abt., Orig., 76, 1915, 
376.) From a sugar factory in Java. 

Micrococcus doyeni De Toni and Trevi- 
san. {Micrococcus urinae albus olearius 
Doyen, Jour. d. connaiss. m^dic.. No. 14, 
1889, 108; De Toni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1076.) From urine. Hucker {loc. cit., 
16) states that this species is apparently 
identical with Micrococcus alhus 
Schroeter. 

Micrococcus drimophylus Baumgartner. 
(Baumgartner, Ergebnisse d. ges. Zahn- 
heilk., Heft 2, 1910, 729; Abst. in Cent, 
f. Bakt., I Abt., Ref., J^S, 1911, 622.) 
From the mouth cavity 


Micrococcus eaionii Corbet. (Quart. 
Jour. Rubber Research Inst. Malaya, 
B, 1930, 145.) From the latex .of the 
rubber tree {Hevea brasiliensis). For 
a description of this species, see Bergey 
et al., Manual, 5th ed., 1939, 244. 

Micrococcus eburneus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
85.) From Camembert cheese. Win¬ 
slow and Winslow {loc. cit., 224) state 
that this species is apparently a synonym 
of Micrococcus candicans Fliigge. 

Micrococcus ephestiae Mattes. (Sit- 
zungsber. d. Gesellsch. z. Beford. d. 
gesamt. Naturwissensch. zu Marburg, 
6By 1927, 406.) From the Mediterranean 
Hour moth (Kphcslta kuehniella). 

Micrococru.'i epvnetheus Corbet (loc. 
cU.y 148). From the latex of the rubbei 
tree {Hevea brasiliensis). For a de 
scription of this species, see Bergey et,al., 
Manual, 5th od., 1939, 256. 

Micrococcus csterificans Beck. (Arb. 
kaiserl. Gesundheitsamte, B9, Heft 2, 
1905; Abst. in Cent. f. Bakt., II Abt., 
19, 1907, 594.) Has a characteristic 
fruity aroma. From butter. 

Micrococcus exantheniaticus Lewa- 
scheff. (Deutsch. med. Wochnschr., JCo. 
13 and 34, 1892; .\b8t. in Cent. f. Bakt., 
IB, 1892, 635.) From blood in cases of 
typhus fever. Motile. Grows anaer¬ 
obically. 

Micrococcus excavatus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
486.) From the stomach contents of a 
coot {Fulica atra) and a woodpecker 
{Picus major). Winslow'-and Winslow 
{loc. cit., 220) consider this a synonym of 
Micrococcus luteus Cohn. 

Micrococcus exiguus Kern {loc. cit., 
470). From the stomach contents of the 
chaffinch {Fringella coelebs). Winslow 
and Winslow {loc. cit., 199) state that 
this appears to be a synonym of Micro¬ 
coccus albus Schroeter; while Hucker 
{loc, ctt,, 19) considers it a synonym of 
Micrococcus freudenreichii Guillebeau 
or of Micrococcus ureae Cohn. 

Micrococcus expositionis Chester. (No. 
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34> Conn, Storrs Agr. Exp. Sta. 7th Ann. 
Kept., 1896, 77; Chester, Man. Determ. 
Bact., 1901, 92.) P'rom air. Winslow 
and Winslow (loc. cit. 216) consider this 
a synonym of Micrococcus flavus Trevi- 
san; while Hucker {loc. cit.^ 10) regards 
it as a synonym of Micrococcus conglom- 
eratus Migula. 

Micrococcus expressus Weiss. (Arb. 
bakt. Inst. Karlsruhe, Heft 3, 1902, 
195.) P>om a carrot infusion. Produces 
slime. Hucker {loc. cit.^ 7) considers 
this species a synonym of Micrococcus 
luieus Cohn or. of Micrococcus various 
Migula. 

Micrococcus favtformis Migula. 
(Milchweisser Diplococcus, Bumm, Mi- 
kroorg. d. gonorrh. Schleimbautkr., II 
Ausg., 1887, 18; Micrococcus lacteus 
faviforviis Fliigge, Die Mikroorganismen, 
2 Aufl., 1886, 182; Neisseria lactea Trevi- 
san, I generi e le specie delle Batteriacee, 
Milan, 1889, 32; Migula, Syst. d. Bakt., 
Sf 1900, 117.) From vaginal and other 
body secretions. Winslow and Winslow 
{loc. cit.f 199) state that this appears 
to be a synonym of Micrococcus albus 
Schroeter. 

Micrococcus feddei Herter. (Micro¬ 
coccus XVI, Choukevitch, Ann. Inst. 
Past., 25f 1911, 354; Bot’an. Jahresber., 
S9, II Abt., Heft 4, 1914 , 755; Abst. in 
Cent. f. Bakt., II Abt., 61, 1920, 367.) 
From the large intestine of a horse. Re¬ 
sembles Micrococcus roscidur Matzu- 
schita. 

Micrococcus fervitosus Adametz and 
Wichmann (Bakt. d. Trink- u. Nutz- 
w&sser, Mitt. Oest. Versuchstat. f. 
Brauerei u. Malzerei, Wien, Heft 1, 
1888.) From water. Winslow and 
Winslow {loc. cil.j 205) consider this a 
synonym of Gaffkya tetragena Trevisan. 

Micrococcus fickii Trevisan. {Coccus 
albus non liquefaciens {Coccus candicans) 
Pick, Ueber Microorg. in Conjunctival- 
sack, Wiesbaden, 1887; Trevisan, I generi 
e le specie delle Batteriacee, Milan, 1889, 
33.) From conjunctiva. 

Micrococcus finlayensis Sternberg. 
(Kept, on Etiology and Prevention of 


Yellow rever, Washington, 1891, 219.) 
Obtained by P’inlay in cultures from the 
liver and spleen .of a yellow-fever cad¬ 
aver. Hucker {loc. cit., 11) considers 
this a synonym of Micrococcus citreus 
Migula. 

Micrococcus flaccidtfex danai Brown. 
(Amer. Museum Novit., No. 251, 1927, 
5.) ('ausative agent of wilt disease of 
monarch butterfly larvae {Danais archip- 
pus). Considered a sub-species of Gyro- 
coccus flaccidtfex Glaser and Chapman 
(Science, SB, 1912, 219). 

Micrococcus flagellaius Klotz. (Jour. 
Med. Research, 11 (N.S.5), 1904, 493.) 
Found in an epizootic among rabbits and 
white rats. Supposedly flagellated. 

Micrococcus flavens Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
80.) From Swiss cheese. Winslow and 
Winslow {loc. cit., 216) consider this a 
synonym of Micrococcus flavus Trevisan. 

Micrococcus flavescens Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
79.) P^om Swiss cheese. Winslow and 
Winslow {loc. cit., 216) consider this a 
synonym of Micrococcus flavus Trevisan. 
For a description of this species, see 
Bcrgey et al.. Manual, 5th ed., 1939, 246. 

Micrococcus flavidus Henrici. {loc. 
cit., 81; not Micrococcus flavidus Rose, 
Compt. rend. Acad. Sci., Paris, 122, 1896, 
750.) From Swiss and Limburger 
cheeses. Winslow and Winslow {loc. 
cit., 216) consider this a synonym of 
Micrococcus flavus Trevisan. 

Micrococcus flavovirens Migula. 
{Staphylococcus viridis flavescens Gutt- 
mann. Arch. f. path. Anat., 107, 1887, 
261; Staphylococcus viridi-flavescens 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, Milan, 1889, 33; Migula, Syst. 
d. Bakt., 2, 1900,124; Micrococcus viridis 
Chester, Man. Determ. Bact., 1901, 95; 
Micrococcus viridis-flavescens Winslow 
and Winslow, Systematic Relationships 
of the Coccaceae, 1906, 221.) Winslow 
and Winslow {ibid., 220) consider this a 
synonym of Micrococcus luieus Ck>hn. 

Micrococcus flavus non liquefaciens 
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Amsier. (Amsler, Korrespondenbl. f. 
Schweizer Aerzte, 1900, No. 9; Abst. in 
Cent. f. Bakt., I Abt., 29, 1901, 450.) 
From thermal springs. 

Micrococcus jluoresctns Maggiora. 
(Giorn. Soc. Ital. d’lgiene, 11, 1889, 352; 
Abst. in Cent. f. Bakt., 8, 1890, 13.) 
From the skin of the foot. 

Af icrococcus foetidus FlUgge. (Die Mi - 
krooiganismen, 2 Aufi., 1886, 172; not 
Micrococcus foetidua Veillon, Compt. 
rend. Soc. Biol. Paris, 1893, 867; see 
Streptococcus foetidua Pr5vot.) From 
carious teeth. 

Micrococcus foetidua Klamann. (All¬ 
gem. med. Centralzeitung, 1887, 1344.) 
Isolated from the posterior nares of man. 
Winslow and Winslow (loc. cit,, 199) 
state that this appears to be a synonym 
of Micrococcus cdbus Schroeter. 

Micrococcus fragilis (Dyar) Migula. 
(Merismopedia fragilis Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895, 351; Migula, Syst. d. 
Bakt., 2, 1900,186.) From dust. Huck- 
er (loc. cit., 25) states that this species 
may be identical with Micrococcus roseus 
FlOgge. 

Micrococcus franklandiorum Trevisan. 
(Micrococcus candicons Frankland and 
Frankland, Phil. Trans. Roy. Soc. Lon¬ 
don, 178, B, 1888, 270; not Micrococcus 
candicans Fltigge, Die Mikroorganismen, 
2 Aufl., 1886, 173; Trevisan, I generi e 
le specie delle Batteriacee, Milan, 1889, 
34.) From dust. 

Micrococcus fulvus Weiss. (Arb. a. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
206; not Micrococcus fulvus Cohn, Beitr. 
z. biol. d. Pflanz., 1, Heft 3, 1875, 181.) 
From a bean infusion. 

Micrococcus fuscus Adametz. (Brauner 
Coccus, Maschek, Jahresb. d. Kommunal- 
Oberrealsch. zu Leitmeritz, No. 6, 1867, 
60; Adametz, Bakt. d. Nutz- u. Trink- 
wftsser, Vienna, 1888; Micrococcus fuscus 
Castellan! and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 932.) Hucker (loc. 
cit., 10) states that this species is prob¬ 
ably identical with Micrococcus con- 
Migula. 


Micrococcus galbanatus Zimmermann. 
(Bakt. unserer Trink- u. Nutzw&sser, 
Chemnitz, II Reihe, 1894, 68.) From 
water. Winslow and Winslow (loc. cit., 
216) consider this a synonym of Micro¬ 
coccus flavus Trevisan. 

Micrococcus gallicidus Burrill. (Amer. 
Nat., 17, 1883,320.) From blood of fowls 
infected with chicken cholera 

Micrococcus gelatinogenus Brautigam. 
(Pharmaceutische Centralhalle, 32, 1891, 
427.) From digitalis infusions. See 
Micrococcus gummosus Ilapp. 

Micrococcus gelaiinosus Warrington. 
(The lancet, 1, 1888, No. 25; Abst. in 
Cent. f. Bakt., 4, 1888, 394.) Curdles 
milk. 

Micrococcus gelaiinosus Issatchenko. 
(Recherches sur les Microbes de rOc5an 
Glacial Arctiquc, Pctrograd, 1914, 232; 
not Micrococcus gelaiinosus Warrington, 
The liancet, 1, 1888, No. 25.) From sea 
water. 

Micrococcus giganieus laciis Conn. 
(Storrs Agr. Exp. Sta. 12th Ann. Rept., 
1900, 46.) From milk. 

Micrococcus gigas Frankland and 
Frankland. (Philos. Trans. Roy. Soc., 
London, 178, B, 1888, 268.) From dust. 
Winslow and Winslow (loc. cii., 216) con¬ 
sider this a synonym of Micrococcus 
flavus Trevisan. 

Micrococcus gilvus Losski. (Inaug. 
Dies., Dorpat, 1893, 60.) Winslow and 
Winslow (loc. cii., 220) consider this a 
synonym of Micrococcus luieus Cohn. 

Micrococcus gingivae Migula. (Mi¬ 
crococcus gingivae pyogenes Miller, Die 
Mikroorganismen d. Mundhohle, Leipzig, 
1889, 216; Migula, Syst. d. Bakt., 2, 1900, 
68.) From alveolar pyorrhoea, also from 
the mouth of a healthy man. 

Micrococcus gingreardi Renault. 
(Compt. Tend. Acad. Sci., Paris, 120, 
1895, 217.) 

Micrococcus glandulosus Weiss. (Arb. 
bakt. Inst. Karlsruhe, ;9, Heft 3,1902,201.) 
From an asparagus infusion. Hucker 
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((oc. cit.) 19) regards this species as 
identical with Micrococcus freudenreichii 
Guillebeau or with Micrococcus ureae 
Cohn. 

Micrococcus globosus Kern. (Arb. 
bakt. Inst. Karlsruhe, i, Heft 4, 1897, 
469.) From the stomach contents of a 
coot (Fulica atra). Winslow and Wins¬ 
low (loc, cit,j 224) state that this is appar¬ 
ently a synonym of Micrococcus candicans 
Fldgge. 

Micrococcus granulatus Weiss. (Arb. 
bakt. Inst. Karlsruhe, f. Heft 3, 1902, 
197.) From a malt infusion. 

Micrococcus granulosus Kern (loc. cit., 
483). From the stomach contents of the 
yellow-hammer (Emberiza citrinella) and 
the starling (Siurnus vulgaris). Wins¬ 
low and Winslow (loc. ci7., 220) consider 
this a synonym of Micrococcus luteus 
Cohn. 

Micrococcus griseus (Warming) Winter. 
{Bacterium griseum Warming, Vidcn- 
skabelige Mcddclelser fra den naturhist. 
Forening i Kjobcnhavn, 1875, 398; 
Winter, in Rabenhorst, Kryptog.-Flora 
V. Deutschl., Oesterr. u. d. Schweiz, 2 
Aufl., /, 1884, 47.) 

Micrococcus grossus Henrici. (Arb. 
bakt. Inst. Karlsruhe, f, Heft 1, 1894, 
71.) From Camembert cheese. Wins¬ 
low and Winslow {loc. ctt., 224) state 
that this is apparently a synonym of 
Micrococcus candicans Fliigge. 

Micrococcus gummosus Happ. (Happ, 
Inaug. Diss., Basel, 1893, 31; not Micro¬ 
coccus gummosus Weiss, Arb. bakt. Inst. 
Karlsruhe, f, Heft 3, 1902, 189.) From 
snakeroot and digitalis infusions. Pre¬ 
sumably Leuconostoc mesenteroides Van 
Tieghem. 

Micrococcus haematodes Zopf. (Mi¬ 
crobes de la sueur rouge. Babes, Biol. 
Centralbl., 2, 1882, No. 8; Zopf, Die 
Spaltpilze, 3 Au6., 1885, 60.) The cause 
of red perspiration. Huckcr {loc. cit., 
25) states that this may be a synonym of 
Micrococcus roseus Fltlgge. 

Micrococcus haemorrhagicus (Klein) 
Migula. (SUiphylococcuB haemorrhagicus 


Klein, Cent. f. Bakt., I Abt., 22, 1897, 
81; Migula, Syst. d. Bakt., 2, 1900, 88.) 
Associated with an erythema of the skin 
resembling anthrax. Winslow and Wins¬ 
low (loc. cit., 199) state that this appears 
to be a synonym of Micrococcus alhus 
Schroeter. 

Micrococcus halensis Lehmann and 
Neumann. {Micrococcus acidi para- 
lactici liquefaciens halensis Kozai, Ztschr. 
f. Hyg., SI, 1899, 374; Lehmann and 
Neumann, Bakt. Diag., 2 Aufl., f, 1899, 
210; Micrococcus acidi paralaciici liqus- 
faciens Thiele, Ztschr. f. Hyg., 46, 1904, 
394.) From milk. Hucker {loc. cit., 17) 
considers this a synon3rm of Micrococcus 
castolyiicus Evans. 

Micrococcus holophilus Bergey et al. 
(Culture No. 19, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bergey et al., Manual, 3rd ed., 1930, 89.) 
From sea water. For a description of 
this species, see Bergey et al., Manual, 
5th ed., 1939, 258. 

Micrococcus hauseri (Rosenthal) Mi¬ 
gula. {Diplococcus hauseri Rosenthal, 
Inaug. Diss., Berlin, 1893, 26; Migula, 
loc. cit., 80.) From the oral cavity. 
Winslow and Winslow {loc. cit., 224) state 
that this species is apparently identical 
with A/tcrococcus candicans Fliigge. 

Micrococcus helvolus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
77.) From Swiss cheese. Winslow and 
W^inslow {loc. cit., 220) consider this to 
be identical with Micrococcus luteus 
Cohn. 

Micrococcus hibiscus Nakahama. (Jour. 
Agr. Chem. Soc. Japan, 16, 1940, 345, 
Eng. Abs., Bull. Agr. Chem. Soc., 16, 
1940, 51.) Isolated from retting kenaf 
{Hibiscus). 

Micrococcus humidus Migula. (Micro¬ 
coccus No. 2, Adametz, Landwirtsch. 
Jahrb., 18, 1889, 239; Migula, Syst. d. 
Bakt., 2, 1900, 50.) From Emmenthal 
cheese. Winslow and Winslow {loe. 
cit., 224) state that this species is appar¬ 
ently identical with Micrococcus candi¬ 
cans Fliigge. 
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Micrococcus hydrothermieus Cronquist. 
(Monatsh. f. prakt. Derm., 86, 1903.) 
Optimum temperature 41 ®C. 

Micrococcus hymenophagus Renault. 
(Compt. rend. Acad. Sci., Paris, 180, 
1395, 217.) 

Micrococcus imperatoris Roze. (Compt. 
rend. Acad. Sci., Paris, 188, 1896, 

545.) Isolated from potatoes. Probably 
from dust. 

Micrococcus inconspicuus Henrici. 
(Arb. bakt. Inst. Karlsruhe, 1, Heft 1, 
1894,64.) From Swiss cheese. Winslow 
and Winslow (loc. cii., 224) state that 
this species is apparently identical with 
Micrococcus candicans Flligge. 

Micrococcus indolicus Christiansen. 
(Ac. Path. Micr. Scand., 16, 1934, 42; 
Staphylococcus asaccharolyiicus var. in¬ 
dolicus Weinberg, Nativelle and Prevot, 
lies Microbes Ana^robies, 1937, 1023.) 
Strict anaerobe. For description see 
Beigey et al., Manual^ 5th ed., 1939, 266. 

Micrococcus influenzae Migula. (Mi- 
kiooiganismus II, Fischel, Ztschr. f. 
Heilkunde, 18, 1891; Abst. in Cent. f. 
Bakt., 9, 1891, 611; Migula, Syst. d. 
Bakt., 1900,90.) From the blood of an 
influenza patient. Winslow and Wins¬ 
low (loc. cii., 199) state that this appears 
to be identical with Micrococcus albus 
Schroeter. 

Micrococcus insector um Burrill. 
(Burrill, Amer. Nat., 17, 1883, 319; Strep¬ 
tococcus insectorum De Toni and Trevi- 
san, in Saccardo, Sylloge Fungorum, 6, 
1889, 1061; Bacillus insectorum Smith, 
28th Biennial Rept. Kan. State Bd. 
Agri., 1933, 54.) From the cecal organs 
of the chinch bug (Blissus leucopterus). 

Micrococcus intermedius Stark and 
Scheib. (Jour. Dairy Sci., 19, 1936, 
210.) From butter. 

MicrococcusintertriginisMeyer. (N.Y. 
Med. Jour., 70, 1900, 873; Abst. in 
Cent. f. Bakt., I Abt., SO, 1901, 434.) 
From a case of erythema intertrigo. 

Micrococcus iris Henrici. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 67.) 
From Limburger cheese. Winsbw and 


Winslow (loc. cit., 224) state that this 
species is apparently identical with 
Micrococcus candicans Flugge. 

Micrococcus irregularis Weiss. (Arb. 
bakt. Inst. Karlsruhe, 8, Heft 3, 1902, 
184.) From an infusion of beans and 
carrots. 

Micrococcus jongii Chester. (Staph¬ 
ylococcus pyogenes bovis dc Jong, Cent. f. 
Bakt., I Abt., 86, 1899,64; Staphylococcus 
bovis de Jong, ibid., 67; Chester, Man. 
Determ. Bact., 1901, 95.) Associated 
with suppurative processes in cattle. 
Winslow and Winslow (loc. cit., 220) 
consider this a synonym of Micrococcus 
luteus Cohn. 

Micrococcus lactericeus Freund. (In- 
aug. Diss., Erlangen, 1893, 21; Abst. in 
Cent. f. Bakt., 16, 1894,^640.) From the 
human mouth. Hucker (loc. cit., 21) 
regards this as a synonym of Micrococcus 
Candidas Cohn or of Micrococcus epider- 
midis Hucker. 

Micrococcus lacteus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
74.) From cheese. Winslow and Wins¬ 
low (loc. cit., 199) state that this appears 
to be a synonym of Micrococcus albus 
Schroeter; while Hucker (loc. cit., 19) 
considers it a synonym of Micrococcus 
freudenreichii Guillebeau or of Micro¬ 
coccus ureae Cohn. 

Micrococcus lactis Chester. (No. 44, 
Conn, Storrs Agr. Exp. Sta., 7th Ann. 
Rept., 1895, 79; Chester, Man. Determ. 
Bact., 1901, 90.) From milk. Winslow 
and Winslow (loc. cit., 224) state that 
this is apparently a synonym of Micro¬ 
coccus candicans Flugge. 

Micrococcus lactis II (Hueppe) Scholl. 
(Quoted from Lohnis, Cent. f. Bakt., II 
Abt., 16, 1907,141.) From milk. 

Micrococcus lactis acidi Krueger. 
(Cent. f. Bakt., 7, 1890, 494.) From 
milk. 

Micrococcus lactis albus Conn, Esten 
and Stocking. (Storrs Agr. Exp. Sta. 
18th Ann. Kept., 1907,120.) From milk. 
Hucker (loc. cit., 19) considers this a 
synonym of Micrococcus freudenreichii 
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Quillebeau or of Micrococcus ureae Cohn. 

Micrococcus laciis amari von Freuden> 
reich. (Bittere Milch Micrococcus^ 
Conn, Cent. f. Bakt., 9, 1891, 653; von 
Freudenreich, Cent. f. Bakt., II Abt., 
IS, 1904, 407.) From the udder and 
bitter cream. 

Micrococcus laciis aureus Conn, Eaten 
and Stocking {loc cii., 112). From milk, 
butter, cheese, stable dust. Hucker 
(foe. cii,, 7 and 12) regards this as a syn¬ 
onym of Micrococcus luteus Cohn, of 
Micrococcus various Migula or of Micro¬ 
coccus aureus Zopf. 

Micrococcus laciis ciireus Conn, Esten 
and Stocking (loc. cii., 102). From milk. 
Huckcr (loc. cii.,1) considers this species 
identical with Micrococcus luteus Cohn 
or with Micrococcus various Migula. 

Micrococcus laciis ciirouus Conn, Esten 
and Stocking (loc. cii., 117). From slime 
on Camembert cheese. Hucker (loc. 
cii., 12) regards this as a synonym of 
Micrococcus aureus Zopf. 

Micrococcus laciis flavus Conn, Esten 
and Stocking (loc. cii., 109). May be 
identical with Micrococcus aurautiacus 
Cohn. From milk. Hucker (loc. cii., 
7 and 12) states that this may be a syn¬ 
onym of Micrococcus luteus Cohn, of 
Micrococcus various Migula or of Micro¬ 
coccus aureus Zopf. 

Micrococcus laciis fluorescens Conn, 
Esten and Stocking (loc. cii., 120). From 
stable dust. Exhibits a green fluores¬ 
cence. Hucker (loc. cii., 18) states that 
this species is very similar to Micrococcus 
caseolyiicus Evans. 

Micrococcus laciis gigas Conn, Esten 
and Stocking (loc. cii., 116). From milk. 
Hucker (loc. cii., 22) states that this 
species is probably identical with Micro¬ 
coccus candidus Cohn or Micrococcus 
epidermidis Hucker. 

Micrococcus laciis gigauieus Conn, 
Esten and Stocking (loc. cii., 122). From 
milk. 

Micrococcus laciis minutissimus Conn, 
EstenandStocking (loc.cii., 119). From 
milk. Hucker (foe. cii., 10) considers 


this a synonym of Micrococcus conglom- 
eratus Migula. 

Micrococcus laciis rosaceus Conn, Esten 
and Stocking (loc. cii., 109). From milk. 
Hucker (foe. pit., 26) states that this is 
probably identical with Micrococcus 
roseus Fltigge. 

Micrococcus laciis rugosus Conn, Esten 
and Stocking (loc. cii., 122). From milk. 

Micrococcus laciis various Conn, Esten 
and Stocking (loc. cii., 121). Com¬ 
monly found in milk. May be identical 
with Micrococcus aureus Zopf. Hucker 
(loc. cii., 15) states that this may be 
identical in part with Micrococcus albus 
Schroeter. 

Micrococcus lardarius Krassilschtschik. 
(Memoires Soc. Zool. de France, 9, 1896, 
513; Compt. rend. Acad. Sci., Paris, IBS, 
1896, 428.) From diseased silkworms. 
Differs from Streptococcus bomhycis. 
Hucker (loc. cit., 22) states that this is 
probably identical with either Micrococ¬ 
cus candidus Cohn or Micrococcus 
epidermidis Hucker. 

Micrococcus lembkei Migula. (No. 21, 
Lembke, Arch. f. Hyg., B9, 1897, 327; 
Migula, Syst. d. Bakt., B, 1900, 212.) 
From feces. Winslow and Winslow (loc. 
cit., 220) consider this a synonym of 
Micrococcus luteus Cohn, while Hucker 
(loc. cit., 11) regards it as probably identi¬ 
cal with Micrococcus ciireus Schroeter. 

Micrococcus lentus Migula. (No. 22, 
Lembke, loc. cii., 328; Migula, loc. cit., 
209.) From feces. Winslow and Wins- 
low' (loc. cit., 199) state that this appears 
to be a synonym of Micrococcus albus 
Schroeter; while Hucker (loc. cit., 19) 
regards it as probably identical with 
Micrococcus freudenreichii Guillebeau 
or Micrococcus ureae Cohn. 

Micrococcus, licheniformis Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
482.) From the intestine of the yellow*- 
hammer (Emberiza citrinella). Winslow 
and Winslow (foe. ctf., 220) consider this 
a synonym of Micrococcus luteus Cohn. 

Microeoeeus lignitkum Renault. 
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(Compt. rend. Acad. Sci., Paris, 1£6, 
1898, 1S28.) A fossil form from lignite. 

Micrococcus lipolyiicus Horowitz- 
Wlassowa. (Ztschr. f. Untersuch. d. 
Lebensmittel, 6^^ 1931, 602.) A fat 
splitting micrococcus from salted fisli. 

Micrococcus lipolyticus Stark and 
Scheib. (Jour. Dairy Sci., /9, 193G, 
210; not Micrococcus lipolyticus Horo- 
witzAMassowa, loc. cit.) From butter. 

Micrococcus Iiquefaciens Migula. (Mi - 
crococcus ureae liquefaciens Fliigge, Die 
Mikroorganismen, 2 Aufl., 1886, 169; 
Streptococcus aethebius Trevisan, I generi 
e Ic specie delle Batteriacee, Milan, 1889, 
31; Staphylococcus ureae liquefaciens 
Lundstrom, Festschr. d. path. anat. 
Inst. z. Andenken a.d. 250 jahrige Beste- 
hen d. hnnland. Univ. z. Helsingfors, 
1890; abst. in Cent. f. Bakt., 9, 1891, 
672; Migula, Syst. d. Bakt., j?, 1900, 106; 
Micrococcus aethebius Chester, Man. 
Determ. Bact., 1901, 77; Urococcus lique¬ 
faciens flueggei Mi quel and Cambier, 
Traitd de Bact., 1902, 627; Micrococcus 
liquefaciens flueggei Miquel in Lafar, 
Handb. d. tech. Mykol., 3, 1901-06, 75; 
Albococcus ureae Kligler, Jour. Inf. Dis,, 
19f 1913,442; not Micrococcus liquefaciens 
Bergey et al., Manual, 1st ed., 1923, 67.) 
From urine. Hucker (loc, cit,, 18 and 
19) states that this species may be identi¬ 
cal with Micrococcus caseolyticus Evans, 
Micrococcus freudenrdchii Guillebeau or 
Micrococcus ureae Cohn. 

Micrococcus liquefaciens acidi I and 77, 
Conn. (Storrs Agr. Exp. Sta. 12th Ann. 
Kept., 1900, 48.) From milk. Hucker 
(loc. cit., 18) regards this species as very 
similar to Micrococcus caseolyticus Evans. 

Micrococcus liquidus Migula. (No. 21, 
I.iembkc, Arch. f. Hyg., 26, 1896, 313; 
Migula, Syst. d. Bakt., 2, 1900, 208.) 
From feces. Hucker (loc. cit.. 15) states 
that this species appe^ars identical with 
Micrococcus albus Schroeter. 

Micrococcus lobatus Migula. (Siebert, 
Inaug. Diss., Wtirzburg, 1894, No. 3, 10; 
Migula, Syst. d. Bakt., 2, 1900, 139.) 
From the human scalp. Winslow and 


Winslow (loc. cit., 184) state that this is 
apparently a synonym of Micrococcus 
aureus Zopf. 

Micrococcus loewenbergii Trevisan. 
(Micrococcus de Tozdne, Lowenberg, 
Congr^s des otologistcs, 1884 and Union 
m5dicalc, 1884; Trevisan, I generi e le 
specie delle Batteriacee, Milan, 1889, 
33.) From secretions in ozena. 

Micrococcus luridus Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft, 4, 1897, 480.) 
From the intestine of the chaffinch (Frin- 
gilla coelebs). Winslow and Winslow 
(loc. cit., 220) consider this a synonym 
of Micrococcus lutcus Cohn. 

Micrococcus Luteolus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
82; not Micrococcus luteolus Irwin and 
Harrison, Lc I^it, 8, 1928, 881.) From 
cheese. Winslow and Winslow (loc. cit., 
216) consider this a synonym of Micro¬ 
coccus flaws Trevisan. For a description 
of Irwin and Harrison's organism, see 
Bergey et al.. Manual, 5th ed., 1939, 
249.) 

Micrococcus luteus var. larvae Haudu- 
roy et al.j^Micrococcus luteus-liquefaciens 
var. larvae Toumanoff, Bull. Soc. Centr. 
de M6d. V6ter., 80, 1927, 367; Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 277.) 
From foul brood of bees. Pathogenic. 

Micrococcus lutosus Kern. (.Vrb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1897, 489.) 
From the stomach contents of the chaf¬ 
finch (Fringilla coelebs). Winslow and 
Winslow (loc. cit., 216) consider this a 
synonym of Micrococcus flavus Trevisan. 

Micrococcus lysodeikticus Fleming. 
(Proc. Roy. Soc. London, Ser. B, 9S, 1922, 
306.) Non-pathogenic. 

Micrococcus lyssae (Rivolta) Trevisan. 
(Cocco-bacterium lyssae Rivolta, 1886; 
Trevisan, I generi e lc specie delle Bat- 
teriacce, Milan, 1889, 33.) Spore-bearer. 

Micrococcus madidus Migula. (No. 
19, Lcmbke, Arch. f. Hyg., 26, 1896, 311; 
Migula, Syst. d. Bakt., 2, 1900, 207.) 
From feces. Winslow' and Winslow (loc. 
cit., 184) state that this is apparently a 
synonym of Micrococcus aureus Migula; 
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while Hucker (loc. cit,^ 15) regards it as 
identical with Micrococcus albus 
Schroeter. 

Micrococcus magnus (Miller) Trcvisan. 
{Jodococcus magnus Miller, Deutsche 
med. Wochnschr , No. 30,1888; Trcvisan, 
I gcncri e le specie delle Battcriaccc, 
Milan, 1889, 33; not Micrococcus magnus 
Chester, Man. Deterin. Bact., 1001, 85 
(Diplococcus magnus Rosenthal, Cent. f. 
Bakt., iS, 1809, 1); not Micrococcus 
magnus Stark and Schcih, .lour. Dairy 
Sci., 19, 1936, 210.) 

Micrococcus major I)e Toni and Trefvi- 
san. (Micrococcus urinac major Doyen, 
Jour. (i. connaiss. m6die., No. 14, 1889, 
108; Do Toni and Trcvisan, in Saccardo, 
Sylloge Fungorum, 8. 1889, 1076.) From 
urine. 

Micrococcus major Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen. 26 , 1894, 18; 
not Micrococcus major DcToni and Tre- 
visan, in Saccardo, Sylloge Fungorum, 
5, 1889, 1076.) Isolated from the larvae 
of the nun moth (Lymantria monacha) 
and Hyponomcuia sp. 

Micrococcus manfredii Trcvisan. (Mi- 
croa^ccus der progress!ven Lymphome 
im Tierorpcr, Manfredi, Fortschr. d. 
Med., 1886, 713; Trevisivn, I generi c Ic 
specie delle Batteriacee, Milan, 1889, 
33; Streptococcus manfredii DeToni and 
Trcvisan, in Saccardo, Sylloge Fungo¬ 
rum, 8, 1889, 1056; Micrococcus canus 
Migula, Syst. d. Bakt , 2, 1900, 63.) 
From sputum. Winslow and Winslow 
(loc. cit., 206) regard this as a synonym 
of Micrococcus candidus Cohn or of 
Gaffkya tetrageua Trcvisan. 

Micrococcus malolacticus Seifert. 
(Ztschr. f. d. landwirtsch. Versuchswesen 
in Oestcrreich, 1903, 567; Abst. in Cent, 
f. Bakt., II Abt., 10, 1903, 664.) From 
wine. Hucker (loc. cit.,7) considers this 
a synonym of Micrococcus luteus Cohn 
or of Micrococcus various Migula. 

Micrococcus mammitis Hutchens. 
(Hutchens in Besson, Tract. Bact. 
Microbiol, and Serum Therapy, Trans, 
of 6th ed., 1913, 615; not Streptococcus 
mammitis bovis Hutchens, ibid,, 613.) 


From gangrenous mammitis of milking 
ewes. This is le microcoque de Tar- 
aigne^e or de la mammite gangr^neuse, 
Nocard, Ann. Inst. Past., /, 1887, 417. 

Micrococcus marginatus Wilhelmy. 
(Arb. bakt. Inst. Karlsruhe, S, 1903, 11.) 
From meat extract. 

Micrococcus marinus Issatchenko. 

(Rccherches sur les Microbes de POc^an 
(Racial Arctique, Petrograd, 1914, 147.) 
From sea water. 

Micrococcus mastitidis Holland. 

(Jour. Bact., 5, 1920, 224.) Nomen 
nudum. 

Micrococcus mastobius Trevisan. 

(Microcoque de la mammite gangr^neuse 
des brebis laiti^res, Xocard, Ann. Inst. 
Past., /, 1887, 417; Trevisan, I generi e le 
specie delle Batteriacee, Milan, 1889, 33; 
Micrococcus gangr. ovium, quoted from 
Frcire, Rio de Janeiro, 1898; Abst. in 
Cent. f. Bakt., I .4bt., 26, 1899 , 841; 
Micrococcus ovis Migula, Syst. d. Bakt., 
2, 1900,90; Micrococcus mastitis Chester, 
Man. Determ. Bact., 1901, 76; Micrococ¬ 
cus mastidis gangraenosae ovis Pfeiler, 
Ztschr. f. Infektionskr., parasit. Krankh. 
u. Hyg. d. Haustiere, 4, 1908,132.) Said 
to be the cause of gangrenous mastitis 
in sheep. This species appears to be 
Micrococcus pyogenes Migula 
Micrococcus melanocyclus Merker. 
(Cent. f. Bakt., II Abt., 41, 1911, 589.) 
See Actinomyces melanocyclus Krainsky. 

Micrococcus melanoglossophorus Spe- 
gazzini. (Fung. Arg. Pug., 4, 18—, 316.) 
From the epithelium of the tongue. 

J/?crococcMS meldensis Roger. (Ber. 
An. de Soc. d’Agric. de Meaux, 1898.) 

Micrococcus melleus grandinis Harri¬ 
son. (Bot. Gazette, 26, 1898, 211.) 

Micrococcus memelensis Leichmann. 
(Coccus, I.<eichmann, Cent. f. Bakt., 
II Abt., 2, 1896, 780; Leichmann, in 
Koch, Jahresber., 12, 1901, 254; Micro¬ 
coccus acidi laevolactici Weigmann, in 
Lafar, Handb. d. techn. Mykol., 2, 1905, 
62.) From milk. 

Micrococcus minimus Weiss. (Arb. 
bakt. Inst. Karlsruhe, 3, Heft 3, 1902, 
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188; not Micrococcus minimus Bergey et 
al., Manual, Ist ed., 1923, 69.) From a 
bean infusion. Hucker (loc, ciL^ 7) 
considers this a synonym of either Micro¬ 
coccus luteus Cohn or Micrococcus varians 
Migula. 

Micrococcus minutissimus Issatchenko. 
(Recherches sur les Microbes de I’Oc^an 
Glacial Artique, Petrograd, 1914, 146.) 
From sea water. 

Micrococcus miriHcus (Rabenhorst) 
Trevisan. (Palmella miriica Raben¬ 
horst, Hedwigia, 1867, 115, and Flor. 
Europ. Algar., 5, 1856, 35; Trevisan, 
Rendic. R. Ist. Lombardo, It, 1879.) 

Micrococcus mollis (Dyar) Migula. 
(Merismopedia mollis Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895, 352; Migula, Syst. d. 
Bakt., f, 1900, 161; Aurococcus mollis 
Winslow and Rogers, Science, 21, 1905, 
669; Staphylococcus mollis Holland, Jour. 
Bact., S, 1920, 225.) From air. A cause 
of boils in the tropics, according to Castel- 
lani and Chalmers (Man. Trop. Med., 
3rd ed., 1919, 931). Hucker (loc. ciL, 
12) states that this species is apparently 
identical with Micrococcus aureus Zopf. 

Micrococcus (Diplococcus) morrhuae 
Klebahn. (Mitteil. Inst. Allgm. Botan. 
Hamburg, 4, 1919, 11-69; Abst. in Cent, 
f. Bakt., II Abt., 52, 1921, 123.) Halo- 
philic. Associated with spoilage of salted 
fish. 

Micrococcus mucilagineus Weiss. 
(Arb. bakt. Inst. Karlsruhe, 2, Heft 3, 
1902, 191.) From bean infusions. 

Hucker (foe. cit., 11) states that this is 
probably a synonym of Micrococcus 
cUreus Migula. 

Micrococcus mucilaginosus Migula. 
(Micrococcus der schleimigen Milch, 
"RBiz, Arch. f. Tierheilkunde, 12, Heft 1 
and 2, 1890; Migula, Syst. d. Bakt., 2, 
1^, 119; not Micrococcus mucilaginosus 
Weiss, Arb. bakt. Inst. Karlsruhe, 2, 
Heft 3, 1902, 205.) From slimy milk. 
Winslow and Winslow (loc, cit., 199) state 
that this appears to be a synonym of 
Micrococcus alhus Schroeter; while 
Hucker (loc, eit., 18) considers it a syn¬ 


onym in part of Micrococcus caseolyticus 
Evans. 

Micrococcus mucofaciens Thoni and 
Thaysen. (Cent. f. Bakt., II Abt., 26, 
1913, 359; not Micrococcus mucofaciens 
Pribram, Klassifikation der Schizomy- 
ceten, 1933 , 42.) From milk. Hucker 
(loc. cit., 9) considers this a synonym of 
Micrococcus flavus Trevisan. For a de¬ 
scription of this species, see Bergey et al., 
Manual, 5th ed., 1939, 245. 

Micrococcus myceticus Caste! lani. 
(Proc. Soc. Exp. Biol, and Med., 26, 
1928, 535-536.) From gununy lesions. 

Micrococcus mycodermaius Holland. 
(Jour. Bact., 6, 1920, 224.) 

Micrococcus nacreaceus Migula. (Perl- 
mutterglanzender Diplococcus, TatarolT, 
Inaug. Diss., Dorpat, 1891, 70; Migula, 
Syst. d. Bakt., 2, 1900, 62.) Winslow 
and Winslow (loc. cit., 224) state that 
this is apparently a synonym of Micro¬ 
coccus candicans Fltigge. 

Micrococcus neoformans Doyen. (Doy¬ 
en, Le Micrococcus neoformans et les 
n^oplasnies, Paris, 1903.) From can¬ 
cerous tissue. Shown by Andrewes and 
Gordon (35th Ann. Rept. Local Govt. 
Board, London, 1905-06, 553) to be iden¬ 
tical with Micrococcus epidermidis alhus 
Welch. 

Micrococcus neurotomae Paillot. 
(Compt. rend. Acad. Sci., Paris, 178, 1924, 
246.) Gram-negative. From the larvae 
of NeuroUma nemoralis. 

Micrococcus neuvillei Trevisan. (Mi¬ 
crococcus G, Malapert-Neuville, 1887; 
Trevisan, 1 generi e le specie delle Bat- 
teriacee,Milan, 1889,34.) From mineral 
water. 

Micrococcus nigrescens Castellani. 
(Brit. Jour, of Dermatology, 22, 1911, 
341; Nigrococcus nigrescens Castellani 
and Chalmers, Man. Trop. Med-» 3rd ed., 
1919, 2103.) Produces a black pigment. 
Found in the black variety of trichomy 
cosis axillaris, a tropical disease. 

Micrococcus nigrofaciens Northrup. 
(Mich. Agr. Exp. Sta. Tech. Bull. No. 18, 
1914,12; also in Cent. f. Bakt., II Abt.« 
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4/y 1914, 326.) From di8ea49ed larvae 
of the June beetle (Lachnosierna sp.) 
and other insects. 

Micrococcus nitidus Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1897, 476.) 
From the shimach and intestine of birds. 
Winslow and Winslow (loc. cit.^ 199) 
state that this appears to be a synonym 
of Micrococcus alhus Sehroeter; while 
Hueker (loc. cit.^ 19) regards it as a syn¬ 
onym of Micrococcus freudenreichii Guil- 
Icbeau or of Micrococcus ureae Cohn. 

Micrococcus nitrificans Bergey et al. 
(Micrococcus 6, Kubentschick, (’ent. f. 
Bakt., II Abt., 72, 1927, 125; Bergcy et 
al., Manual, 3rd ed., 1930, 88; not Micro¬ 
coccus nitrificans van Tieghem, Traits* 
de Botaniqiio, Pari.s, 1883.) From sew¬ 
age filter beds. For a description of this 
species, see Bergcy et al., Manual, 5th 
ed., 1939, 257. 

Micrococcus nivalis C'hester (No. 47, 
Conn, Storrs Agr. Exp. Sta. 7th Ann. 
Kept., 1895, 80; Chester, Man. Determ. 
Bact., 1901, 90.) From dust. Winslow 
and. Winslow (loc. cit., 224) state that 
this is apparently a synonym of Micro¬ 
coccus candtcans Flugge. 

Micrococcus niveus Henrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
66.) From Swiss cheese. Winslow and 
Winslow (loc. Cl/., 224) state that this is 
apparently a synonym of Micrococcus 
candicans Fliigge. 

Micrococcus nonfermentans Stcinhaus. 
(Jour. Bact., 4^, 1941, 779.) From the 
alimentary tract of the lyreman cicada 
(Tibicen linnei) and of an unidentified 
damsel fly (Coenagrionidac). 

Micrococcus nubtlts Migula. (Coccus 
B, Foutin, Bakt. Untersuch. von Ilagel, 
Wratsch, No. 49 and 50, 1889; see Cent, 
f. Bakt., 7, 1890, 373; Migula, Syst. d. 
Bakt., 2f 19(X), 60; Micrococcus beta Ches¬ 
ter, Man Determ. Bact., 1901, 87.) Iso¬ 
lated from hail. Winslow and Winslow' 
(loc. cit., 206) consider this to be a syn¬ 
onym of Micrococcus candidus Cohn or of 
Oaffkya tetragena Trevisan. 

Micrococcus nuclei Rose. (Compt. 


rend. Acad. Sci., Paris, 122, 1896, 544.) 
From potatoes. 

Micrococcus obscoenus Kern. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 4, 1897, 
473.) From the stomach contents of a 
crow (Corvus cor one). Winslow and 
Winslow (loc. cit., 199) state that this 
appears to be a synonym of Micrococcus 
albus Sehroeter; w'hile Ilucker (loc. cit., 
19) considers it a synonym of Micrococcus 
freudenreichii Guillebeau or of Micro¬ 
coccus ureae Ck)hn. 

Micrococcus ochraceus lloscnthal. (In- 
aug. Diss., Erlangen, 1893 , 22; Abst. in 
('ent. f. Bakt., 16, 1894,1024; not Micro¬ 
coccus ochraceus Hansgirg, Oestr. Bot. 
Ztschr., 1885, No. 4.) From the oral 
cavity. Winslow* and Winslow* (loc. cit., 
220) consider this a synonym of Micro¬ 
coccus luieus Migula. For a description 
of this species see Bergey et al.. Manual, 
.5th ed., 1939 , 242. 

Micrococcusochroleucus Prove. (Prove, 
Beitr. z. Biol. d. Pflanz., 4, Heft 3,1887, 
409; Streptococcus ochroleucus Trevisan, 
I generi e le specie delle Battcriacee, 
Milan, 1889, 31; Planococcus ochroleucus 
Migula, Syst. d. Bakt., 2, 1900, 272.) 
From urine. Motile. 

Micrococcus odoratus Henrici. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 1, 1894, 
73.) From cheese. Winslow* and Wins¬ 
low* (loc. cit., 224) state Uiat this is appar¬ 
ently a synonym of Micrococcus candicans 
Flugge. 

Micrococcus odorus Henrici (loc. cit., 
72). From cheese. Winslow* and Wins¬ 
low* (loc. cit., 224) state that this species 
is apparently a synonym of Micrococcue 
candicans Flugge. 

Micrococcus olearius DeToni and 
Trevisan. (Micrococcus uririae fiavus 
o/carii/sDoyen, Jour. d. connaiss. M6dic., 
No. 14, 1889, 108; DeToni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
.1077.) From urine. Hueker (loc. cit., 
12) considers this species a synonym of 
Micrococcus aureus Zopf. 

Micrococcus olens Henrici. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 87.) 
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From Swiss cheese. Winslow and Wins¬ 
low (loc. ciL^ 216) consider this a syn¬ 
onym of Micrococctu flavus Trevisan. 

Micrococcus opalesccns DeToni and 
Trevisan. {Micrococcus alhus II, Mag- 
giora, Giorn. Soc. Ital. d’lgiene, 11, 1889, 
351; DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889,1078.) 

Micrococcus orbicularis Chester. (3/i- 
crococcus orbicularis^ flavus Ravenel, 
Mem. Nat. Acad. Sci.,8,1896,8; Chester, 
Man. Determ. Bact., 1901, 101.) From 
soil. Winslow and Winslow (ioc. cii,, 
216) consider this a synonym of Micro¬ 
coccus flavus Trevisan; while Hucker 
(loc. ciL, 10) regards it as a synonym of 
Micrococcus conglomeraius Migula. 

Micrococcus orbiculatus Wright. 
(Mem. Nat. Acad. Sci., 7, 1895, 432.) 
From Schuylkill River water. Winslow 
and Winslow (loc. cil., 220) consider this 
a synonym of Micrococcus luteus Cohn. 

Micrococcus ovalis Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1897, 500; 
not Micrococcus ovalis B'scherich, Die 
Darmbakterien des Sauglings, Stuttgart, 
1886, 90.) From the stomach contents 
of the rock dove (Columba livia), 
Hucker (loc. ctl., 9) regards this as a 
synonym of Micrococcus flavus Trevisan. 

Micrococcus pallens Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
61.) From cheese. Winslow and Wins¬ 
low (loc. ciL, 205) consider this a syn¬ 
onym of Micrococcus candidus Cohn or of 
Qaffkya tetragena Trevisan. 

Micrococcta pallidus Henrici (loc. 
cil., 62). From cheese. Hucker (loc. 
cit., 7) regards this species as identical 
with either Micrococcus luteus Cohn or 
Micrococcus varians Migula. 

Micrococcus pannosus Kem. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
466.) From the stomach contents of the 
rock dove {Columha livia) and the in¬ 
testine of another dove {Columba oenas). 
Winslow and Winslow (loc. cil., 224) 
state that this is apparently a synonym 
of Micrococcus candicans Flilgge. 

Micrococcus paraffinae Sdhngen. 


(Cent. f. Bakt., II Abt., 57,1913, 595.) 
From garden earth. 

Micrococcus paroiiiidis Korentschew- 
sky. (Cent. f. Bakt., I Abt., Orig., U, 
1907, 402.) Isolated from cases of paro¬ 
titis epidemica. 

Micrococcus parvus (Miller) Trevisan, 
(Jodococcus parvus Miller, Deutsche 
med. Wchnschr., No. 30, 1888; Trevisan, 
I generi e le specie delle Batteriacee, 
Milan, 1889, 33.) 

Micrococcus parvus Migula. (No. 14, 
Lembke, Arch. f. Hyg., 26, 1896, 309; 
Migula, Syst. d. Bakt., f, 19(X), 200.) 
From feces. Winslow and Winslow (loc. 
cil., 224) state that this species is appar¬ 
ently tC synonym of Micrococcus candi¬ 
cans Flilgge. 

Micrococcus pasteuri Trevisan. (Mi¬ 
crobe pyogene de Teau de Seine, Pasteur, 
1877; Trevisan, I generi e le specie delle 
Batteriacee, Milan, 1889, 34; not Micro¬ 
coccus pasteuri Sternberg, Trans. Pathol. 
Soc. of Philadelphia, 12, 1885, 162.) 
From water. 

Micrococcus pellucidus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
468; not Micrococcus pellucidus Roze, 
Compt. rend. Acad. Sci., Paris, 122, 
1896,1012.) From the intestine of a spar¬ 
row {Passer montanus ). Hucker (loc. cil., 
23) regards this as a synonym of Micro¬ 
coccus candidus Cohn or of Micrococcus 
epidermidis Hucker. 

Micrococcus pemphigi Migula. (Diplo - 
coccus des Pemphigus acutus, Demme, 
Verhandl. d. Kongr. f. innere Med., 
Wiesbaden, 1886, 336; Diplococcus pem¬ 
phigi acuti Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896,173; Migula, 
Syst. d. Bakt., 2, 19o0, V and 191; Micro¬ 
coccus demmei Chester, Man. Determ. 
Bact., 1901, 74.) Isolated from bullae 
in a case of pemphigus acutus. 

Micrococcus pemphigicontagiosi Castel¬ 
lan! and Chalmers. {Micrococcus pem¬ 
phigi contagiosa Clegg and Wherry, Jour. 
Inf. Dis., 5, 1906, 171; Castellan! and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919,931.) From bullae in a case of pern- 
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phigU 0 contagiosa. This may be a 
synonym of Micrococcus pemphigineona- 
torum, see below. 

Micrococcus pemphigineonaiorum Cas- 
tellani and Chalmers. {Micrococcus 
pemphigi neonatorum Almquist, Ztschr. 
f. Hyg., 10f 1891, 253; Staphylococcus 
pemphigi neonatorum Liehmann and Neu¬ 
mann, Bakt. Diag., 1 Aud., f, 1896, 173; 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 931.) Found in 
bullae in a case of pemphigus neonatorum. 
This may be Micrococcus mollis, accord¬ 
ing to Castellani and Chalmers {loc. cit.). 
Falls (Jour. Inf. Dis.,fO, 1917,97) identi¬ 
fies this and the previous organism as 
Micrococcus pyogenes var. aureus 25opf. 

Micrococcus percitreus Bergey et al. 
(Manual, 1st ed., 1923, 63.) From air 
and water. Hucker {loc. cit., 10) con¬ 
siders this a synonym of Micrococcus 
conglomeratus Migula. For a description 
of this species, see Bergey et al.. Manual, 
5th ed., 1939, 248. 

Micrococcus perUamis Bergey et al. 
(Manual, Ist ed., 1923 , 62.) From air 
and water. Hucker {loc, cit., 12) re¬ 
gards this as a synonym of Micrococcus 
aureus Zopf. For a description of this 
species, see Bergey et al.. Manual, 5th 
ed., 1939, 247. 

Micrococcus persicus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
499.) From the intestine of a dove {Co- 
lumba oenas). Hucker {loc, cit., 25) 
states that this may be identical with 
Micrococcus roseus Flttgge.. 

Micrococcus petechialis Trevisan. (Mi- 
crococco del dermotifo, Bareggi, 1886; 
Trevisan, I generi e le specie delle Bat- 
teriacee, Milan, 1889, 33.) 

Micrococcus petilus Trevisan. (Mi¬ 
crococcus der Pyaemic bei Kaninchen, 
Koch, tlber d. Actiolog. d. Wundinfec- 
tionskr., Leipzig, 1878; ilficrococctis pyae- 
miae cuniculorum Schroeter, in Cohn, 
Kryptogam. Flora v. Schlesien, 5, 1, 
1886, 148; Trevisan, I generi e le specie 
delle Batteriacee, Milan, 1889,33; Micro¬ 


coccus cuniculorum Migula, Syst. d. 
Bakt., f, 1900,192.) From rabbits. 

Micrococcus petrolei Renault. (Compt, 
rend. Acad. Sci., Paris, 124, 1897, 1315.) 
A fossil form from oil bearing rocks. 

Micrococcus pieridis Burrill. (Quoted 
from Chittenden, U. S. Dept. Agr., 
Farmers' Bull. No. 1461, 1926, 6.) From 
larvae of the cabbage butterfly {Pieris 
rapae ). 

Micrococcus pikowskyi Bergey et al. 
(Culture No. 22, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bergey ct al.. Manual, 3rd ed., 1930, 78.) 
From sea water. For a description of 
this species, see Bergey et al.. Manual, 
5th ed., 1939, 242. 

Micrococcus piliformis Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
194.) From a bean infusion. Hucker 
{loc. cit., 7) considers this a synonym of 
Micrococcus luteus Ck)hn or of Micrococ¬ 
cus varians Migula. 

Micrococcus piltonensis Gray and 
Thornton. (Cent. f. Bakt., II Abt., 75, 
1928, 81.) From manure and soil. For 
a description of this species, see Bergey 
ct al., Manual, 5th ed., 1939, 259. 

Micrococcus pxtuitoparus (Hohl) Bu¬ 
chanan and Hammer. {Karphococcus 
{Carphococcus) pituitoparus Hohl, Jahrb. 
d. Schweiz, 22, 1906, 439; Diplococcus 
viscosus Sato, Cent. f. Bakt., II Abt., 
19, 1907, 27; Buchanan and Hammer, 
Iowa Agr. Exp. Sta. Res. Bull. 22, 1915, 
285.) From slimy milk and from straw. 
Hucker {loc. cit., 23) states that this 
species is probably identical with Micro¬ 
coccus candidus Ck)hn or with Micrococcus 
epidermidis Hucker. For a description 
of this species, see Bergey et al., Manual, 
5th ed., 1939, 243. 

Micrococcus plumosus Eisenberg. 
(Brautigam, Inaug. Diss., Leipzig, 1886, 
18; Federiger Micrococcus, Adxunetz, 
Mitteil. d. Oesterr. Versuchssta. f. Brau- 
erei u. M&lzerei, Wien, Heft 1, 1888; 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
56.) From feces of cattle and from 
water. Winslow and Winslow (loc. ctL, 
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220) consider this a synonym of Micro- 
coccvs luteus Cohn; while Hucker (loc. 
cit.f 22 and 23) regards it as probably 
identical with Micrococcus candidus Cohn 
or Micrococcus epidermidis Hucker. 

Micrococcus polypus Migula. (Syst. 
d. Bakt., 1900, 79.) From air. 
Hucker {loc. ct7., 23) states that this 
species is probably identical with Micro¬ 
coccus candidus Cohn or Micrococcus 
epidermidis Hucker. 

Micrococcus populi Delacroix. (Bui. 
Mens. Off. Renseig. Agr., Paris, 5, 1906, 
1349 and Ann. Inst. Nat. Agron., 2 Ser., 
5, 1906, 363.) Parasitic on poplar trees 
{Populus spp.). 

Micrococcus porcellorum Trevisaii. 
(Micrococcus , bei Hepatitis enzootica 
porcellorum, Nonewitsch, Cent. f. Bakt., 
5,1888, 233; Trevisan, I generi e le specie 
delle Batteriacee, Milan, 1889,33.) From 
an infected liver. 

Micrococcus progrediens Schroeter. 
(Micrococcus der progressiven Abscess- 
bildung bei Kaninchen, Koch, Ober d. 
Aetiolog. d. Wundinfectionskrankheiten, 
Leipzig, 1878; Schroeter, in CJohn, Kryp- 
togam.'Flora v. Schlesien, 5, 1, 1886, 
148; Micrococcus haematosaprus Trevi¬ 
san, I generi e le specie delle Batteriacee, 
Milan, 1889, 33.) From the blood of 
diseased rabbits. 

Micrococcus psalteri Buemann. (Cent. 
f. Bakt., I Abt., Orig., 71, 1913, 308.) 
From the third stomach of cattle. 

Micrococcus pseudocyaneus Schroeter. 
(Kryptogam.- Flora v. Schlesien, 3, 1, 
1886, 145.) A synonym of Micrococcus 
cyaneus Cohn according to Migula, Syst. 
d. Bakt., f, 1900,188. 

Micrococcus pseudoinfluemae Migula. 
(Microorganismus I, Fischel, Ztschr. f. 
Heilkunde, 13, 1891; See Cent. f. Bakt., 

9, 1891, 611; Migula, Syst. d. Bakt., 3, 
1900, 86.) From the blood of an influ¬ 
enza patient. Hucker {loe. cit., 23) 
considers this a synonym of Micrococcus 
candidus Cohn or of Micrococcus epu 
dermidis Hucker. 

Micrococcus pulcker Glage. (Ztschr. 


f. Fleisch- u. Milchhyg., 10, 1900, 146; 
not Micrococcus pulchcr Weiss, Arb. bakt. 
Inst. Karlsruhe, 3, Heft 3, 1902, 182.) 
From coating on surface of wurst and 
similar meat products. 

Micrococcus pulitformis Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
474.) From stomach contents of the 
yellow-hammer {Emberiza ciirinella) and 
starling {Sturnus vulgaris) and from the 
intestine of the woodpecker {Picus ma¬ 
jor). Winslow and Winslow {loc. cit., 
199) state that this appears to be a syn¬ 
onym of Micrococcus albus Schroeter; 
w'hile Hucker {loc. cit., 19) regards it as 
probably identical with Micrococcus 
freudenreichii Ciuillebcau or with Micro¬ 
coccus ureae Ohn. 

Micrococcus punctatus Migula. (No. 
18, Lcmbke, Arch. f. Hyg., 35, 1897, 325; 
Migula, Syst. d. Bakt., 3, 1900, 213.) 
From feces. Winslow and Winslow {loc. 
cit., 199) state that this species appears 
to be a synonym of Micrococcus albus 
Schroeter. 

Micrococcus purpurifaciens Lehmann 
and Neumann. (Micrococcus, Dudt- 
schenko, Cent. f. Bakt., II .Abt., 49, 1916, 
529; Lehmann and Neumann, Bakt. 
Diag., 6 Aufl., 3, 1920 , 756.) From ice. 
Produces a purple pigment in alkaline 
gelatin media. 

Micrococcus pustulatus Hcnneberg. 
(Cent. f. Bakt., II Abt., S5, 1922, 251.) 
From the human intestine. 

.M icrococcus p u tr id us T i lanus. 

(Manch.med.Wchn8chr.,34, 1887, 310.) 
From gelatin, agar, etc., containing iodi- 
form. 

Micrococcus pygmaeus Henneberg {loc. 
cit., 262). From the human intestine. 

Micrococcus pyocyaneus Francisco. 
(Revista Valenciana de Ciencias M6dica8, 
1914, 2; Abst. in Cent. f. Bakt., I Abt., 
Ref., 63, 1915, 44; not Micrococcus pyo¬ 
cyaneus Gessard, Thesis, Paris, 1882.) 
From an acne pustule. 

Micrococcus pyosepticus (H6ricourt and 
Richet) Solowjew. {Staphylococcus pyo¬ 
septicus H5ricourt and Richet, Compt. 
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rend. Acad. Sci., Paris, 107^ 1888, 691; 
Solowjew, Abst. in Cent. f. Bakt., I 
Abt., 18t 1895, 60.) From an abscess in 
a dog and from dust. Regarded as identi¬ 
cal with MicrococcuB albuB Schroeter. 

Micrococcus quadrigeminus Klebs. 
{Staphylococcus quadrigeminus Vanselow 
and Czaplewski, Cent. f. Bakt., I Abt., 
F5,1899,143; see Lehmann and Neumann, 
Bakt. Diag., 2 Aufl., f, 1899, 174.) 
Closely related to Micrococcus albus 
Schroeter. 

Micrococcus quaiemus Migula. (Sie- 
bert, Inaug. Dies., Wtirzburg, No. I, 
1894, 7; Migula, Syst. d. Bakt., f, 1900, 
92.) Winslow and Winslow {loc. ciL, 
199) state that this appears to be a syn¬ 
onym of Micrococcus albus Schroeter. 

Micrococcus radiatus FlUgge. (Die 
Mikroorgani^mcn, 2 Au6., 1886, 176; 
SlrepU>coccuB radiatus Crookshank, Man. 
of Bact., 3rd ed., 1890, 256; not Micro¬ 
coccus radiatus Kern, see below.) From 
dust and water. Wjnslow and Winslow 
(loc. cit,t 199) state tliat this appears to 
be a synonym of Micrococcus albus 
Schroeter; while Hucker {loc. cit., 18) 
considers it a synonym of Micrococcus 
caseolyticus Evans. 

Micrococcus radiatus Kern. (Kern, 
Arb. bakt. Inst. Karlsruhe, /, Heft 4, 
1897, 471; Micrococcus radiosus Migula, 
Syst. d. Bakt., F, 1900, 114.) From the 
stomach contents of the starling {Sturnus 
vulgaris). Winslow and Winslow {loc, 
cit., 199) state that this appears to be a 
synonym of Micrococcus albus Schroeter. 

Micrococcus reessii Rosenthal. 
(Inaug. Diss., Berlin, 1893, 19; Abst. in 
Cent. f. Bakt., 16, 1894, 1024.) From 
the oral cavity. Winslow and Winslow 
(loc, cit., 199) state that this appears to 
be a synonym of Micrococcus albus 
Schroeter. 

Micrococcus regularis Weiss. (Arb. 
bakt. Inst. Karlsruhe,!, Heft 3,1902,183.) 
From bean infusions. Hucker {loc, ctL, 
7) considers this a synonym of Micrococ¬ 
cus luteus Cohn or Micrococcus varians 
Migula. 


Micrococcus resinaceus Kern, (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
487.) From the stomach contents of the 
starling {Sturnus vulgaris) and from the 
intestine of a sparrow {Passer montanus), 
Winslow and Winslow {loc. cit., 220) re¬ 
gard this as a synonym of Micrococcus 
luteus Cohn. 

Micrococcus rhenanus Migula. (Neuer 
Mikrococcus aus Rheinwasser, Burri, 
Arch. f. Hyg., 10, 1893, 34; Migula, Syst. 
d. Bakt., B, 1900, 109; Micrococcus rheni 
Chester, ^Ian. Determ. Bact., 1901, 82; 
Albococcus rhenanus Winslow and Rogers, 
Jour. Inf. Dis., S, 1906, 544.) Front 
Rhine River water. Winslow and Wins¬ 
low {loc. cit., 199) state that this appears 
to be a synonym of Micrococcus albus 
Schroeter; while Hucker {loc, cit., 18) 
considers it a synonym of Micrococcus 
caseolyticus Evans. 

Micrococcus ridleyi 0)rbet. (Quart. 
Jour. Rubber Research Inst., Malaya, B, 
1930,146.) From the latex of the rubber 
tree {Hevea brasiliensis), For a de¬ 
scription of this species, see Bergey et 
al., Manual, 5th ed., 1939, 244. 

Micrococcus rosaceus Frankland and 
Frankland. (Trans. Roy. Society, 
London, 178, B, 188; 269; Rhod^coccus 
rosaceus Holland, Jour. Bact., 5, 1920, 
225.) From air. Hucker {loc. cit., 25) 
states that this species may be identical 
with Micrococcus roseus FlQgge. For a 
description of this species, see Bergey 
et al.. Manual, 5th ed., 1939, 252. 

Micrococcus rosaceus lactis Conn. 
(Btorrs Agr. Exp. Sta. 12th Ann. Kept., 
1900, 34; Micrococcus lactis rosaceus 
CA>nn, Eaten and Stocking, Storrs Agr. 
Exp. Sta. Rept. for 1906, 108.) From 
milk. 

Micrococcus roscidus Migula. (Micro¬ 
coccus No. I, Adamets, lAndwirtsch. 
Jahrb., 18, 1889, 238; Migula, Syst. d. 
Bakt., B, 1900, 68.) From Emmenthal 
cheese. Winslow and Winslow {loc, ctf., 
224) state that this is apparently a 
synonym of Mkroeeceus candieans Floige. 
Mieroeoecus rosso-psrsiemus Migula. 
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(Rote Kokken von Van Ermengem, 
Schneider, Arb. bakt. Inst. Karlsruhe, 
/, Heft 2. 1894, 216; Migula, Syst. d. 
Bakt., 1900, 184.) 

Micrococcus rosettaceus Zimmermann. 
(Bakt. unserer Trink- u. Nutzwasser, 
Chemnitz, I Reihc, 1890, 72.) From 
water. Winslow and Winslow (loc. cii., 
224) state that this is apparently a 
synonym of Micrococcus candicans 
Fltigge. 

Micrococcus roseus Maggiora. (Giorn. 
Soc. Ital. d*Igiene, //, 1889 , 356; not 
Micrococcus roseus Fltigge, Die Mikro- 
organismen, 2 Aufl., 1886, 183; not Mi¬ 
crococcus roseus Gruber, Cent. f. Bakt., 
II Abt., FF, 1909, 408.) 

Micrococcus rubellus Migula. (Syst. d. 
Bakt., F, 1900, 169.) Source not given. 
Hucker (loc. 27) regards this as 
identical with Micrococcus cinnahareus 
Fltigge. 

Micrococcus rubescens Migula. (No. 
20, Lembke, Arch. f. Hyg., fd, 1896, 312; 
Migula, Syst. d. Bakt., 2, 1900, 208; 
not Micrococcus rubescens Chester, sec 
Micrococcus subroseus below.) From 
feces. Hucker (loc. cit., 27) regards this 
species as identical with Micrococcus 
cinnahareus Flugge. 

Micrococcus rubidus lactis Conn. 
(Conn, Storrs Agr. Exp. Sta. 12th Ann. 
Kept., 1900, 34; Micrococcus lactis rubt- 
dus Conn, Esten and Stocking, Storrs 
Agr. Exp. Sta. 18th Ann. Kept., 1907, 
117.) From milk. Resembles Micro- 
coccus cinnahareus Flugge. Hucker (loc. 
cit., 25) thinks this species may be iden¬ 
tical with Micrococcus roseus Flugge. 

Micrococcus rubigenosus Kern. (Arb. 
bakt. Inst. Karlsruhe, f, Heft 4, 1897, 
492.) From the stomach contents of a 
dove (Columha oenas). Hucker (loc. 
cit.y 25) states that this species may be 
identical with Micrococcus roseus Flugge. 

Micrococcus ruhiginosus Passer, and 
Beltr. (Fung. Sicil., 18—, no. 35; quoted 
from DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 1082.) 

Micrococcus rugatus Migula. (Micro¬ 


coccus endocardiiidis rugatus Weichsel- 
baum, Beitr. z. path. Anat. u. z. allgm. 
Pathol., 4, 1889, 164; Migula, Syst. d. 
Bakt., f, 1900, 190; Micrococcus endo¬ 
carditis Chester, Man. Determ. Bact., 
1901,74.) From ulcerative endocarditis. 
Winslow and Winslow (loc. cit.y 205) con¬ 
sider this a synonym of Micrococcus Can¬ 
didas Cohn or of Gaffkya tetragena Tre- 
visiin; while Hucker (loc. cit.y 15) regards 
it as a synonym of Micrococcus albus 
Schroetcr. 

Micrococcus rugosu.s Chester. (No. 2, 
('onn, Storrs Agr. Exp. Sta. 6th Ann. 
Kept., 1894, 50; Chester, Man. Determ. 
Bact., 1901, 101.) From milk and 

ripened cream. Winslow and Winslow 
(loc. cit , 216) consider this a synonym of 
Micrococcus flavus Trevisan. 

Micrococcus ruminantiinn Hennebcrg. 
(Cent. f. Bakt., II Abt., 55, 1922, 252.) 
From the human intestine. 

Micrococcus rnshmorei Blown. (Amer. 
Museum Novit., No. 251, 1927 , 4.) Iso¬ 
lated from a fly (Lucilia sericata) which 
was infected with Bacillus lutzae. 

Micrococcus saccatus Migula. (Micro¬ 
coccus albus liquefaciens von Besser, 
Beitr. z. path. .Anat., 5, 1889, 46; .1/icro- 
coccus liquefacicns albus, see Cent. f. 
Bakt., 7, 1890, 152; Migula, Syst. d. 
Bakt., 2y 1900, 117; Micrococcus hque- 
faciens Chester, Man. Determ. Bact., 
1901, 78; not Micrococcus liquefacicns 
Holland, Jour. Bact., 5, 1920, 224; Mi¬ 
crococcus alvi Chester, loc. cit., 81.)From 
the nasal mucous membrane, Winslow 
and Winslow (loc. cit., 199) state that 
this is apparently a synonym of Micro¬ 
coccus albus Schroeter; w'hile Hucker 
(loc. cit.y 19) regards it as probably identi¬ 
cal with Micrococcusfreudenreichii Guille- 
beau or with Micrococcus ureae Cohn. 
For a description of this species, see 
Bergey ct al., Manual, 5th ed., 1939, 254. 

Micrococcus salivalis septicuSy quoted 
from Wigura, see Cent. f. Bakt., I Abt., 
17, 1895, 899. From the human skin. 

M icrococcuB sarcinoides Migula. 
(Syst. d. Bakt., F, 1900, 168.) Hucker 
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(loc. cit.f 27) considers this identical with 
Micrococcus cinnabareus Hiigge. 

Micrococcus scariosus Migula. (Sie- 
bcrt, Inaug. Diss., WUrzburg, No. II, 
1894 , 9; Migula, Syst. d. Bakt., f, 1900, 
91.) From a liairbrush. Winslow and 
Winslow {loc. cii.y 199) state tliat this 
appears to be a synonym of Micrococcus 
albus Schroeter. 

Micrococcus scarlatinosus Trevisan. 
(Trcvisan, Batteri italiani, 1879, 19; 
Streptococcus rubiginosus Fdington, Brit. 
Med. Jour., /, 1887, 1265; Perroncitoa 
scarlatinosa Trevisan, I generi e le 
specie delle Batteriaeee, Milan, 1889, 
29.) From a scarlet fever patient. 

Micrococcus scarlatinus Migula. 

(Syst. d. Bakt., HKK), 173.) Fmm 
feces. 

Micrococcus selenicus Brenner. 

(Jahrb. f. wissensch. Botan.,57,1916, 85; 
Abst. in Cent. f. Bakt., II Abt., 48, 1918, 
431.) From mud. 

Micrococcus sensibilis Zettnow. 

(Cent. f. Bakt., I Abt., Orig., 77, 1915, 
216.) From dust, llueker (/or, c/L, 19) 
considers this a synonym of Micrococcus 
freudenrcichii Guillebeau or of Micrococ¬ 
cus ureae (ohn. For a description of 
this species, see Hergey et al.. Manual, 
5th ed., 1039 , 248. 

.Micrococcus septicus (Klebs) C’ohn. 
{Microsporon scpticum Klehs, Die Ur- 
sachen der infect ioscn Wundkrankheiteii, 
1871; and Zur path. .\nat. d. Schuss- 
wundcn, 1872; Cohn, Beitr. z. Biol. d. 
Pflanzcn, /, Heft 2, 1872, 164.) From 
pus. 

Micrococcus serophtlus Oista. 
((^mpt. rend. Soc. Biol., Paris, 83, 1920, 
931.) From acute articular rheumatism. 

Micrococcus scrralus Migula, (No. 
15, Ijcmbke, Arch. f. Hyg., £6, 1896, 309; 
Migula, Syst. d. Bakt., 2, 1900, 200.) 
From feces. Winslow and Winslow {loc. 
cit., 205) regard this as a synonym of 
Micrococcus candidus Cohn or of Gaffkua 
tetragena Trevisan. 

Micrococcus sialosepiicus Trevisan. 
(Coccus salivarius septicus Biondi, Ztschr. 


f. Hyg., 2, 1887, 195; Coccus septicus 
Biondi, ibid.^ 220; Trevisan, I generi e 
le specie delle Batteriaeee, Milan, 1889, 
33; Micrococcus salivarius Migula, Syst. 
d. Bakt., 1^, 65; Micrococcus sali¬ 
varius-septicus Chester, Man. Determ. 
Bact., 1901, 87.) From human saliva. 
Winslow and Winslow {loc. cit., 205) con¬ 
sider this a synonym of Micrococcus can¬ 
didus C3ohn or of Gajjkya tetragena Tre¬ 
visan. 

Micrococcus siccus Migula. (Micro¬ 
coccus No. Adametz, I^andwirtsch. 
Jahrb., 18, 1889 , 241; Migula, Syst. d. 
Bakt., 2, 1900, 124.) From Emmenthal 
cheese. Winslow and Winslow (loc. cit., 
185) state that this is probably a synonym 
of Micrococcus aurantiacus Cohn; while 
JIucker {loc. cit., 7) considers it a syn¬ 
onym of Micrococcus luteus 0)hn or of 
Micrococcus varmns Migula. 

Micrococcus stmilis Dyar. (Ann. N. 
Y. Acad. Sci., 8, 1895, 347.) From dust. 
Winslow and Winslow {loc. cit., 205) re¬ 
gard this as a synonym of Micrococcus 
candidus Cohn or of Gaffkya tetragena 
Trevisan. 

Micrococcus simplex Wright. (Mem. 
Nat. Acad. Sci., 7, 1895, 432.) From 
Schuylkill River water. Winslow and 
Winslow {loc. cit., 199) state that this 
appears to he a synonym of Micrococcus 
albus Schrocter. 

Micrococcus simulans DeToni and 
Trevisan* {Micrococcus citreus II, Mag- 
giora, Giorn. Soc. Ital. dTgiene, 11, 1889, 
354; DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 1079.) 

Micrococcus sordidus Schroeter. 
(Schrocter in Cohn, Kryptogam.-Flora 
v. Schlesien, 5, I, 1886, 145.) Winslow 
and Winslow {loc. cit., 224) state that 
this is apjmrently a synonym of Micrococ¬ 
cus candicans Fliigge. 

Micrococcus sphaeroides Gray and 
Thornton. (Cent. f. Bakt., II Abt., 75, 
1928, 74.) From manure* and soil. For 
a description of this species, see Bcrgey 
et al.. Manual, 5th ed., 1939, 259. 

3/icrococcus staphylophagus Serbinov. 
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(La Defense des Plantes, Leningrad, 
1926, 556; see Rev, Appl. My col., 5,1926, 
650.) Considered pathogenic on grape¬ 
vines. 

Micrococcus siellatus (Lustig) Frank- 
land and Frankland. (Stern-Coccus, 
Maschek, Jahresber. d. Kom.- Oberreal- 
schule, Leitmeritz, Xo. 10, 1887, 62; 
Coccus siellatus Lustig, Diag. d. Bakt. d. 
Wassers, 2 Aufl., 1893, 40; Frankland and 
Frankland, Micro-organisms in Water, 
1894, 503.) From water. Winsolw and 
Winslow {loc. cit., 220) regard this as a 
synonym of Micrococcus luteus (^ohn. 

Micrococcus strobiliformis Migula. 
(No. 23, Lembke, Arch. f. Hyg., 26, 1896, 
315; Migula, Syst. d. Bakt., 2, 1900,203.) 
From feces. Winslow and Winslow (loc. 
cit., 220) regard this as a synonym of 
Micrococcus luteus Cohn. 

Micrococcus subcandicons I.avanchy. 
(XJniv. Geneve, Insfr. bot. Prof. Chodat, 
^r. 8, Fasc. 12, 1914, 68; Abst. in Cent, 
f. Bakt., II Abt., 47, 1917, 611.) From 
water of Lake Geneva. 

Micrococcus subcanus Migula. (No. 
17, Lembke, Arch. f. Hyg., 26, 1896, 311; 
Migula, Syst. d. Bakt., 2, 1900, 202.) 
From feces. Winslow and Winslow (loc. 
ciL, 224) state that this is apparently a 
synonym of Micrococcus candicans 
Flugge. 

Micrococcus subcarneus Migula. (Mi¬ 
crococcus carnicolor Kern, Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4,1897, 495; not 
Micrococcus carnicolor Frankland and 
Frankland, Micro-organisms in water, 
1894, 503; Migula, Syst. d. Bakt., 2, 
1900,181.) From the intestines of doves 
(Columha livia and Columba oenas). 
Hucker (foe. cit.,26) states that this may 
be identical with Micrococcus roseus 
Flilgge. 

Micrococcus subcitreus Migula. 
(Citronengelber Micrococcus, Keck, 
Ueber das Verbal ten der Bakterien im 
Grundwasser, Dorpat Dissertation, 1890, 
60; Migula, Syst. d. Bakt., 2, 19(X), 147.) 
From air and water. Winslow and Wins¬ 
low (foe. ciL, 216) consider this a syn¬ 


onym of Micrococcus flavus Trevisan. 
For a description of this species, see 
Bergey et al.. Manual, 5th ed., 1939, 249. 

Micrococcus subcretaceus Migi 
(Kreidew^eisserverflUssigender Micrococ- 
cus. Keck, Inaug. Diss., Dorpat, 1890, 
64; Migula, Syst. d. Bakt., 2, 1900, 107.) 
Winslow and Winslow (loc. cii., 199) 
state that this species appears to be a 
synonym of Micrococcus albus Schrocter. 

Micrococcus subflavescens Bergey et al. 
(Manual, Ist ed., 1923, 61.) From dust 
and water. Hucker (loc. cii., 9) con¬ 
siders this a synonym of Micrococcus 
flavus Trevisan. For a description of 
this species, see Bergey et al.. Manual, 
5th ed., 1939, 246. 

Micrococcus tiubflavidus Migula. (Mi¬ 
crococcus tetragenus subflavus v. Besser, 
Bcitr. z. allgm. Path. u. path. Anat., 6‘, 
1889, ,347; Migula, Syst. d. Bakt., 2, 1900, 
190; Micrococcus subflavus Chester, Man. 
Determ. Bact., 1901,96; not Micrococcus 
HuhflavHS Flugge, Die Mikroorganismen, 
2 Aufl., 1886, 159.) From normal nasal 
mucus. Winslow and Winslow^ (loc. cit.. 
184) state that this is apparently a syn¬ 
onym of Micrococcus aureus Zopf; while 
Hucker (loc. cit., 7 and 21) considers it 
probably identical with Micrococcus lu¬ 
teus Cohn, Micrococcus variuns Migula, 
or Gaffkya tetragena Trevisan. 

Micrococcus subflavus Flugge. (Gelb- 
w'eisser Diplococcus, Bumm, Die Mikro- 
org. d. gonorrh. Schleimhauterkr., 1 
Aufl., 1885 and 2 Aufl., 1887 , 20; Flugge, 
Die Mikroorganismen, 2 Aufl., 1886, 159; 
Neisseria subflava Trevisan, I generi e 
le specie delle Batteriacee, Milan, 1889, 
32; Diplococcus subflavus Kisenberg, 
Bakt. Diag., 3 Aufl., 1891, 307; not 
Micrococcus subflavus Chester, Man. De¬ 
term. Bact., 1901, 96.) From gonorrheal 
pus. Winslow and Winslow (loc. cit., 
216) consider this a synonym of Mi¬ 
crococcus flavus Trevisan. For a descrip¬ 
tion of this species, see Bergey et al., 
Manual, 5th ed., 1939, 248. 

Micrococcus subfuscus Matzuschita. 
(Cent. f. Bakt., I Abt., 29, 1901, 383.) 
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From dust. Similar to Micrococcui {un¬ 
cus Adamctz. 

Micrococcus suhgilvus Migula. (Mi¬ 
crococcus gilvus Henrici, Arb. a bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 78; not 
Micrococcus gilvus Losski, Inaug. Diss., 
Dorpat, 1893, 60; Migula, Syst. d. Bakt., 
1900, 132.) From cheese. Winslow 
and Winslow (loc. ctL, 220) regard this 
as a synonym of Micrococcus luteus 
Cohn. 

M icrococcus subgranulaius Migula. 
(Micrococcus ciireus granulaius Freund, 
Inaug. Diss., Erlangen, 1893, 27; Migula, 
Syst. d. Bakt., f, 1900, 148; Micrococcus 
granulaius v. Bagarewski, Cent. f. Bakt., 
II Abt., 15, 1905, 7.) From the oral 
cavity. Winslow and Winslow (loc, cit., 
216) consider this a synonym of Micro¬ 
coccus flavus Trevisan. for a descrip¬ 
tion of this species, see Bergcy et al,, 
Manual, 5th ed., 1939, 249. 

Micrococcus suhgriseus Migula. 
(Grauer Coccus, Maschek, Jahresb. d. 
Kom.- Oberrealschule, Leitmeritz, No. 
8, 1887 , 61; Migula, Syst. d. Bakt,, 2, 
1900, 94.) From water. Winslow and 
Winslow (loc. cit., 199) state that this 
appears to be a synonym of Micrococcus 
alhus Schroeter; w’hile Hucker (loc. cit:., 
19) regards it as a synonym of Micrococcus 
freudenreichii Guillcbeau or of Micro¬ 
coccus urcae Cohn. 

Micrococcus sublacteus Migula. (No. 
27,1.iembkc, Arch. f. Hyg., 29, 1897, 329; 
Migula, Syst. d. Bakt., 2, 1900, 210.) 
From feces. Winslow and Winslow (loc. 
cit., 199) state that this appears to be a 
synonym of Micrococcus albus Schroeter; 
w'hilc Hucker (loc. cit., 19) regards it as 
a synonym of Micrococcus freudenreichii 
Guillebeau or of Micrococcus ureae Cohn. 

Micrococcus sublilacinus Migula. (No. 
26, Lembke, Arch. f. Hyg., 26, 1896, 317 ; 
Migula, Syst. d. Bakt., 2, 1900, 205.) 
From feces. Hucker (loc. cit,, 16) con¬ 
siders this a synonym of Micrococcus al¬ 
bus Schroeter. 

Micrococcus subluteus Weiss. (Arb. 


bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
198.) From vegetable infusions. 

Micrococcus subniveus Migula. (Mi¬ 
crococcus albidus Henrici, Arb. Ixikt. 
Inst. Karlsruhe, i. Heft 1,1894, 75; not 
Micrococcus albidus Losski, Inaug. Diss., 
Dorpat, 1893, 55; Migula, Syst. d. Bakt., 
2, 1900, 105.) From Swiss cheese. 
Winslow and Winslow (loc. cit., 199) state 
that this appears to be a Bynon 3 rm of 
Micrococcus albus Schroeter. 

Micrococcus subochraceus Migula. 
(No. 30, Lembke, Arch. f. Hyg., 29, 1897, 
332; Migula, Syst. d. Bakt., 2, 1900,215.) 
From feces. Winslow and Winslow (loc. 
cit., 216) regard this as a synon 3 rm of 
.Micrococcus flavus Trevisan. 

Micrococcus subroseus Migula. (Mi¬ 
crococcus roseus Eisenberg, Bakt. Diag., 
3 Aufl., 1891,408; Migula, Syst. d. Bakt., 
2, 1900, 176; Micrococcus rubescens Ches¬ 
ter, Man. Determ. Bact., 1901, 105.) 
From the sputum of an influenza patient. 
Hucker (loc. cit., 26) states that this may 
be identical with Micrococcus roseus 
Fltigge. 

il/tcrococciis subterraneus Hanai^Tg. 
(Hansgirg, Oest. Bot. Zeitschr., 1888, 
No. 7-8, 8; Staphylococcus subterraneus 
DeToni and Trevisaix in Saccardo, 
Sylloge Fungorum, 8, 1889, 1075.) From 
damp w^alls of w ine cellars in Bohemia. 

Micrococcus subtUis Migula. (Diplo- 
coccus, Kirchner, Ztschr. f. Hyg., 9, 1890, 
528; Migula, Syst. d. Bakt., 2, 1900,192.) 
Found in the sputum and Mood of influ¬ 
enza patients. 

Micrococcus SHcculentus Henrici. 
(Arb. bakt. Inst. Karlsruhe, 1, Heft 1, 
1894, 63.) From Swiss cheese. Wins¬ 
low and Winslow (foe. cit., 224) state 
that this is apparently a synonym of 
Micrococcus candicans FlOgge. 

Micrococcus sutphureus Zimmermann. 
(Bakt. unserer Trink- u. Nutsw&sser, 
Chemnitz, I Reihe, 1890, 84.) From 
water. Winslow and Winslow^ (loc. cii., 
220) regard this as a synonym of Micro¬ 
coccus luteus Cohn. 

Micrococcus suis Burrill. (BaeiUus 
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suis Detmers, Kept. U. S. Dept. Agric. 
for 1878; Burrill, Amer. Nat., 17, 1883, 
320.) From blood of hogs sick with 
swine plague or hog cholera. 

Micrococcus syphiliticus Migula. (Coc- 
cen, Disse, Deutsche med. Wchnschr., 
IS, 1887, 888; Migula, Syst. d. Bakt., 2, 

1900, 218.) This may be synonymous 
w’ith Micrococcus candicans Fliigge. 

M icrococc us iardigradus T re visan. 
{Micrococcus flavus iardigradus Flugge, 
Die Mikroorganismen, 2 Aufl., 1886, 175; 
Trevisan, I generi e le specie delle Bat- 
teriacee, Milan, 1889, 34; Micrococcus 
stdfureus ^-iardigradus Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 
163; Micrococcus sulfureus var. tar- 
digradus Lohnis and Pillai, Cent. f. 
Bakt., II Abt., 19, 1907, 92.) From air; 
also found in water. Winslow and Wins¬ 
low (/oc. cit., 220) regard this as a 
synonym of Micrococcus luteus ('ohn. 

Micrococcus tardior Migula. {Diplo- 
coccus flavus liquefaciens tardus Unna 
and Tommasoli, Monatshcfte f. prakt. 
Dermatol., 9, 1^9, 56; Migula, Syst. d. 
Bakt., 2, 1900, V and 141; Micrococcus 
epidermis Chester, Man. Determ. Bact., 

1901, 97; Diplococcus flavus-liquefaciens 
Chester, ibid.) From eczema. Wins¬ 
low and Winslow {loc. cit., 216) regard 
this as a synonym of Micrococcus flavus 
Trevisan; while Hucker (loc. cit., 11) 
regards it as a synonym of Micrococcus 
citreus Migula. 

Micrococcus tardissimus (Trevisan) 
Migula. (Milchweisser Micrococcus, 
Bumm, Mikroorg. d. gonorrh. Schleira- 
hauterkr., 1 Aufl., 1885; Diplococcus 
albicans tardissimus Flugge, Die Mikro¬ 
organismen, 2 Aufl., 1886, 183; Neisseria 
tardissima Trevisan, 1 generi e le specie 
delle Batteriacce, Milan, 1889, 32; Micro¬ 
coccus albicans tardissimus Sternberg, 
Man. of Bact., 1893, 882; Migula, Syst. 
d. Bakt., 2, 1900, 49.) Found in vaginal 
secretions. Winslow and Winslow (loc. 
cit., 205) regard this as a synonym of 
Micrococcus candidus Ck>hn or of Gaflkya 
telragena Trevisan; while Hucker (loc. 


cit., 7) considers it a synonym of 3/tcro- 
coccus luteus C^hn or Micrococcus varians 
Migula. 

Micrococcus tardus Migula. {Diplo¬ 
coccus albicans tardus Unna and Tom¬ 
masoli, Monatshefte f. prakt. Dermatol., 
9, No. 2, 1889, 49; Micrococcus albicans 
tardus Sternberg, Man. of Bact., 1893, 
882; Migula, Syst. d. Bakt., 2, 1900, 50; 
Micrococcus eczemae CUicster, Man. De- 
term. Bact., 1901, 86). From eczema. 
Winslow and Winslow {loc. cit., 216 and 
224) regard this as a synonym of Micro¬ 
coccus flavus Trcvistin or of Micrococcus 
candicans Flugge. 

Micrococcus tenacatis Chester. (No. 
43, ("onn, Storrs Agr. Exp. Sta. 7th Ann. 
Kept., 1895, 78; C'hestcr, Man. Determ. 
Bact., 1901, 88.) From milk from Uru¬ 
guay. Winslow and Winslow (loc. cit., 
220) state that this is apparently a syn¬ 
onym of Micrococcus candicans Flugge. 

Micrococcus tener Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902 , 200.) 
From a vegetable infusion. 

Micrococcus ten uissimus Migula. {Mi¬ 
crococcus cumulatus tenuis v. Hesser, 
Beitr! z. path. Anat.,(?, 1889,347; Migula, 
Syst. d. Bakt., 2, 1900, 55; .Micrococcus 
cumulatus Chester, Man. Determ. Bact., 
1901, 87.) Frequently found in human 
nasal mucus. Winslow and Winslow 
{loc cit., 205) regard this as a synonym 
of Micrococcus candidus (>)hn or of 
Gaffkya tetragena Trevisan. 

Micrococcus tetragenus aureus Boutron. 
(Th5se, Paris, 1893; Abst. in Cent. f. 
Bakt., 16, 1894, 971.) Hucker {loc. cit., 
21) regards this as a synonym of Gaffkya 
tetragena Trevisan. 

Micrococcus tetragenus concentricus 
Schenk. (Allg. Wien. ined. Zeitung, 1892, 
81 and 92; Abst. in Cent. f. Bakt., IS, 
1893 , 720.) From feces. Motile. 

Micrococcus tetragenus-pallidus Ches¬ 
ter. {Micrococcus tetragenus pallidus, 
Dyar, Ann. N. Y. Acad. Sci.,«, 1895, 354; 
Chester, Man. Determ. Bact., 1901, 93.) 
From dust. Probably a variety of Mi¬ 
crococcus versatilis Chester, see below. 
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Micrococcus tetragenus-vividus Ches¬ 
ter. {Micrococcus tetragenus vividus 
Dyar, Ann. N. Y. Acad. Sci., 5,1895,354; 
Chester, Man. Deterin. Bact., 1901,102.) 
From dust. Probably a variety of Micro¬ 
coccus versatilis Chester, see below. 

Micrococcus tetras Henrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
60; Pediococcus tetras Pribram, Klassi- 
fikation der Schizomyceten, 1933 , 46.) 
From cheese. Winslow and Winslow 
(foe. cit., 224) stale that this species is 
apparently the same as Micrococcus 
candicans Fliiggc. 

Micrococcus thermophxlus Hansf^irg. 
(Oestr. Bot. Ztschr., No. 3, 1888 , 5.) 
From hot springs. 

Micrococcus toxicatus Burrill. (Amer. 
Nat., 17, 1883, 319.) From poison ivy 
and other plants in the genus Rhus, 
Micrococcus trachomatis Migula. 
(Trachomococcus, Sattler, in Zehendor, 
Klin. Monatsbl., 1881; Trachoinoco<TU8, 
Michel, Arch. f. Augenheilk., 10, 1886; 
Neisseria viicheli Trevisan, I generi e 
le specie dellc Batteriacee, Milan, 1889, 
32; see Baumgarten, Lehrb. d. path. 
Mykol., 7, 1890, 421; Migula, Syst. d. 
Bakt., 19(X}, 67.) Winslow and Wina- 
loiv (loc. at., 205) consider this to be a 
synonym of .Micrococcus Candidas ('ohn 
or of Gaffkya tetragena Trevisan. 

Micrococcus (ributyrus Stark and 
Scheib. (Jour. Dairy Sci., 19, 1936,210.) 
From butter. 

Micrococcus tritici Prillieux, (Mala¬ 
dies des plantes agricoles, 1, 1895, 7 ; not 
Micrococcus tritici Kbck, Monatshefte f. 
Landwirtschaft, 11X)9 , 247, quoted from 
lichmann and Neumann, Bakt. Ding., 
5 Aufl., t, 1912 , 653.) Considered pat ho 
genic on wheat. 

Micrococcus tuherculosus Migula. 
(No. 23, Ix'mbke, Arch. f. Hyg., t9, 1897, 
325; Migula, Syst. d. Bakt., 9, 1900, 214.) 
From feces. Winslow and Winslow {loc. 
cit., 224) state that this is apparently a 
synonym of Micrococcus candicans FlUgge. 


Micrococcus typhoideus Migula. (Coc¬ 
cus A, Foutin, Bakt. Untcrsuch. v. Hagel, 
Wratsch, 1889, No. 49 and 50; see Cent, 
f. Bakt.. 7, 1890, 373; Migula, Syst. d. 
Bakt., i 19d0, 94; Micrococcus alpha 
Chester, Man. Dctcrm. Bact., 1901, 93.) 
From hail. W’inslow and Winslow {loc, 
cit., 199) state that this appears to be a 
synonym of Micrococcus alhus Schroeter; 
while Hucker (loc. cit., 25) states that it 
may be identical with Micrococcus roseus 
Fliigge. 

Micrococcus ulcerts de Luca. (Gaz- 
zetta degli Ospitali, 1886; .\bst. in Cent, 
f. Bakt., /, 1887, 333; Micrococcus ulceris 
mollis de Luca, ibid.) From the secre¬ 
tion of a venereal ulcer. 

.Micrococcus ulmi Brussoff. (Cent. f. 
Bakt., II Abt., 63, 1925, 261.) Isolated 
from diseased elm trees. 

Micrococcus umbilicatus Weiss. (Arb. 
bakt. Inst. Karlsruhe, 3, Heft 3, 1902, 
186.) From a bean infusion. Hucker 
{loc. at., 12) considers this a synonym of 
.Micrococcus aureus Zopf. 

Micrococcus ureae Migula. (Torule 
ammoniacalc, Pasteur, Ann. de Chim. 
et de Phys., 3 s^r., 64, 1862, 52; van 
Tieghem, Comp. rend. Acad. Sci., Paris, 
58, 1864 , 210; Torula ureae I.,ea, Jour, of 
Physiol., 11, 1890, 226; Migula, in Engler 
and Prantl, Die naturl. Pflanzenfam., 
1, la, 1895, 17.) From urine. May not 
be the same as Micrococcus ureae Cohn. 

Micrococcus urinalbus De Toni and 
Irevisan. {Micrococcus albus urinae 
Doyen, Jour. d. connaiss. m6dic., No. 
14, 1889, 108; De Toni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1076.) From urine. Hucker {loc, cit., 
15) considers this a synonym of Micrococ¬ 
cus albus Schroeter. 

Micrococcus uruguae Chester. (No. 
40, Conn, Storrs Agr. Exp. Sta. 7th Ann. 
Kept., 1895, 78; Chester, Man. Determ. 
Bact., 1901, 100.) From milk from 
Uruguay. Winslow and Winslow (ioe. 
cit,, 216) regard this as a synonym of 
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Micrococcus flavua Trevisan; while 
Hucker (loc, ciL, 10) regards it as a 
synonym of Micrococcus conglomeratus 
Migula. 

Micrococcus utriculosus Migula. (No. 
20, Lembke, Arch. f. Hyg., 29, 1897, 327; 
Migula, Syst. d. Bakt., 2, 1900, 199.) 
From feces. Winslow and Winslow {loc* 
cit*, 199) state tliat this appears to be a 
synonym of Micrococcus albus Schroeter. 

Micrococcus varians laciis Conn. 
(Storrs Agr. Exp. Sta. 12th Ann. Kept., 
1900, 37.) From milk, cream, dust. 
According to Weigmann (In Lafar, 
Handb. d. techn. Mykologie, 2, 1905, 
13) this is identical with Staphylococcus 
mastitis albus. Huckcr {loc. cit., 11) 
regards it as a synonym of Micrococcus 
citrous Migula. 

Micrococcus variococcus Miiller-Thur- 
gau and Osten^’alder. (Cent. f. Bakt., 
II Abt., S3, 1913, 236.) From wine. 

Micrococcus versaiilis Chester. {Mi¬ 
crococcus teiragenus febris flavae Finlay; 
Micrococcus tetragenus versaiilis Stern¬ 
berg, Report on etiology and prevention 
of yellow fever, W'ashington, 1891, 164; 
Chester, Man. Determ. Bact., 1901,102.) 
Isolated from the excrement of mosqui¬ 
toes which had sucked the blood of yellow 
fever patients; and from dust. Winslow 
and Winslow {loc. cit., 21^) regard this as a 
synonym of Micrococcus fiavus Trevisan. 

Micrococcus versicolor Fliigge. (Die 
Mikroorganismen, 2 AuO., 1886, 177.) 
From dust. Winslow and Winslow {loc. 
eit., 220) consider this a synonym of 
Micrococcus luteus Cohn. 

Micrococcus vesicas Heim. (Lehrb. 
d. Bakt., 2 Aufl., 1898, 297.) From acid 
urine. Winslow and Winslow {loc. cit., 
224) state that this is apparently a 
synonym of Microcqccus candicans Flttgge. 

Micrococcus vesicans Harman. (Jour. 
Path, and Bact., 9, 1904,1.) Considered 
the cause of veld sore, a disease of Africa 
and tropical Australia. 

Micrococcus vesicosus Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2 , Heft 3, 1902, 
203.) From a vegetable infusion. 


Huckcr {loc. cit., 8) considers this spe¬ 
cies identical with either Micrococcus 
luteus Cohn or Micrococcus varians 
Migula. 

Micrococcus vesiculiferus Migula. 
(No. 28, Lembke, Arch. f. Hyg., 29, 1897, 
330; Migula, Syst. d. Bakt., 2, 19(X), 211.) 
From feces. Winslow and Winslow {loc. 
cit., 220) regard this as a synonym of 
Micrococcus luteus Cohn. 

Micrococcus vincemii Chester. {Mi¬ 
crococcus tetragenus citreus Vincenzi, La 
Riforma Med., 1897, 758; Chester, Man. 
Determ. Bact., 1901, 103.) From the 
submaxillary lymphatic gland of a child. 
Winslow and Winslow {loc. cit., 220) re¬ 
gard this as a synonym of Micrococcus 
luteus Cohn. 

Micrococcus vini Migula. {Micrococ* 
cxts saprogenes vini /, Kramer, Bakt. in 
Beziehungen z. TAndwirtsch. u. d. land- 
wirtsch-techn. Gewerben, II Teil, 1892, 
139; Migula, Syst. d. Bakt., 2, 1900,118.) 
From wine. Winslow and Winslow {loc. 
cit., 199) state that this appears to be a 
synonym of Micrococcus albus Schroeter; 
while Hucker {loc. cit., 8) considers it 
identical with Micrococcus luteus C]k>hn 
or Micrococcus varians Migula. 

Micrococcus viniperda Schroeter. 
(Schroeter in Cohn, Kryptog.-Flora v. 
Schlesien, 5, 1, 1886, 144.) From dust, 
feces, etc. 

Micrococcus viscosus Bergey ct al. 
{Micrococcus lactis viscosus B, Conn, 
Esten and Stocking, Storrs Agr. Exp. 
Sta. Rept. for 1906, 109; Bergey ct al.. 
Manual, 1st ed., 1923 , 68.) From pas¬ 
teurized milk. For a description of this 
species, see Bergey et al.. Manual, 5th 
ed., 1939 , 256. See Micrococcus laciis 
viscosus Sternberg. 

Micrococcus viscosus lactis Conn. 
(Storrs Agr. Exp. Sta. ^12th Ann. Rept., 
1900, 44.) From milk. 

Micrococcus viticulosus FlUgge. (Die 
Mikroorganismen, 2 Aufl., 1886, 178.) 
From dust and water. Winslow and 
Winslow {loc. cit., 205) consider this to 
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be a Bynonym of Micrococcus candidus 
Cohn or of Gaffkya tetragena Trcvisan. 

Micrococcus vulgaris Eckstein. 
(Ztschr. f. Forst* u. Jogdwesen, 26, 
1894, 17; Abst. in Cent. f. Bakt., 1 Abt., 
1895, 292; not Micrococcus vulgaris 
Weiss, Arb. bakt. Inst. Karlsruhe, 2, 
Heft 3, 1902, 193.) From insects. 

Micrococcus xanthogenicus (Freire) 
Trevisan. (Cryptococcus xanthogenicus 
Freire, Recherches sur la cause de la 
fi5vre jaune, Rio de Janeiro, 1884; Tre¬ 
visan, I generi e le specie delle Batteria- 
cee, Milan, 1889, 33.) Isolated from 
yellow fever and supposed by Freire to 
be the cause of the disease. Winslow 
and Winslow (loc. cif., 199) state that 
this appears to be a synonym of Microco- 
cus albus Schroeter. 

Micrococcus xenopus Schrirc and Green¬ 
field. (Trans. Royal iSoc. So. Africa, 
/7,1930, 309.) From an abscess in a toad 
(Xenopus «p.). For a description of 
this species, see Bergey et al., Manual, 
5th ed., 1939, 243. 

Micrococcus xerophilus Glagc. 
(Ztschr. f. Fleisch- u. Milchhygiene, 10, 
1900, 145.) From coating on surface of 
dry wurst and similar meat products. 

A/icrococcM* zeae Serbinov. (I^ De¬ 
fense des Plantes, 2, 1926, 546.) From 
flour, grain and seedlings of corn. Was 
thought to be a cause of pellagra in South 
Russia. 

Micrococcus zonatus Hcnrici. (Arb. 
bakt. Inst. Karlsruhe, 1 , Heft 1,1894,68.) 
From cheese. Winslow and Winslow 
(loc. cit., 224) state that this is appar¬ 
ently a synonym of Micrococcus candi- 
cans Fltigge. 

Planococcus casei Migula. (Micro¬ 
coccus No. Ill, Adametz, I^andwirtsch.: 
Jahrb., 18, 1889, 240; Migula, Syst. d. 
Bakt., 2, 1900, 270.) From Emmenthal 
cheese. 

llanococcus loeffleri Migula. (Loffler, 
Cent, f. Bakt., 7,1890,637; Migula, Syst. 
d. Bakt., 2, 1900, 273.) From colony on 
an old gelatin plate. 

Planococcus luteus (Adametz) Migula. 


(Diplococcus luteus Adametz, Mitteil. 
d. oesterr. Vers. Station f. Brauerei u. 
Malzerei in Wien, Heft I, 1888, 39; 
Neisseria lutea Trevisan, I generi'e le 
specie dcllc Batteriacee, Milan, 1889, 32; 
Migula, Syst. d. Bakt., 2, 1900, 274.) 
llucker (loc. cit., 9) considers this species 
a synonym of Micrococcus flavus Trevi¬ 
san. 

Rhodococcus fulvus Winslow and 
Rogers. (Jour. Inf. Dis., 8, 1906, 545; 
not 3/icrococcw« fulvus Cohn, Beitr. z. 
Biol. d. Pflanzen, 1, Heft 3, 1875, 181.) 
From soil, air and water. 

Staphylococcus albicans Stigell. 
(Cent. f. Bakt., I Abt., Orig., 4^, 1908, 
489.) Probably intended for Micrococcus 
albicans amplus Fltigge. 

Staphylococcus albus Itquefaciens 
Sternberg. (White liquefying staphylo¬ 
coccus, Escherich, Die Darmbakterien 
des Sauglings, Stuttgart, 1§86, 88; Stern¬ 
berg, Manual of Bact., 1893,607.) Found 
occasionally in the feces of healthy 
infants. 

Staphylococcus albus non liquefaciens 
Hlava. (Sbornik I^kafsk^, II, Prague, 
1887, 12 pp.; sec Cent. f. Bakt., 2, 1887, 
688.) Probably a synonym of Microcoe- 
cus albocereus Migula. 

Staphylococcus anaerobius Heurlin. 
(Bakt. Unters. d. Kcimgehaltes im 
Genitalkanale d. fiebernden Wochnerin- 
nen, Helsingfors, 1910, 120.) See 

Weinberg, Nativelle and Pr^vot, I^es 
Microbes Ana6robies, Paris, 1937, 1027; 
probably not the same as Staphylococcus 
anaerohius Hamm, Die puerperale 
Wundinfektion, Berlin, 1912. Incom¬ 
pletely described. From genital tract. 

Staphylococcus anaerohius major Heur¬ 
lin (loc. cit., 120). From genital tract. 

Staphylococcus anaerohius minor Heur¬ 
lin (loc, cit., 120). From genital tract. 

Staphylococcus aureus sarciniformis 
Rosenhauch. (Klin. Monatsbl. f. Augen- 
heilkunde, Jahrg., 8, 1909, 257; Abst. in 
Cent, f. Bakt., I Abt., Ref., 46, 1910,787.) 

Staphylococcus hovis Ford. (Staphylo¬ 
coccus pyogenes bovis Lucet, Ann. Inst. 
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Past., 7,1893,327; Ford, Textb. of Bact., 
1927, 424.) Found in suppurative le¬ 
sions of cattle. 

Staphylococcus candidus Warrington. 
(Lancet, f, 1888.) 

Staphylococcus flavocyaneus Knaysi. 
(Jour. Bact., 43, 1942, 388.) Found as a 
contaminant in dissociation studies. 

Staphylococcus flavus non pyogenes 
FrAnkel and Sanger. (Arch. f. path. 
Anat., 108, 1887, 286; Abst. in Cent. f. 
Bakt., 5, 1888, 281.) Found in endo¬ 
carditis ulcerosa. 

Staphylococcus griseus Tavel. (Quoted 
from Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 3, 1896, 173.) From pus. 

Staphylococcus griseus radiatus Viti. 
(Atti d. R. Accad. d. Fisiocritici di 
Siena, Ser. IV., 2, 1891, Abst. in Cent, 
f. Bakt., 11, 1892, 672.) From cases of 
endocarditis. 

Staphylococcus hahanensis Gibler. 
(Quoted from Fernandez, Cronica medico 
quirdrgica de la Habana, 1891, No. 30; 
Abst. in Cent. f. Bakt., 11, 1892, 472.) 
Isolated from the human eye. 

Staphylococcus insectorum Krassilst- 
schik. (Quoted from Paillot, Les mal¬ 
adies du ver h soie grasserie et dysen¬ 
teries, 1928, 171.) From the intestinal 
tract of the silkworm {Bombyx mori). 

Staphylococcus lactis acidi McDonnell. 
(Inaug. Diss., Kiel, 1899; Abst. in Cent, 
f. Bakt., II Abt., 0, 1900, 120.) 

Staphylococcus leloirii Trevisan. (Mi¬ 
crobe des p^rifolliculites conglom6r^cs, 
Leloir, Soc. anatomique, May, 1884; Tre¬ 
visan, I generi e le specie delle Batteria- 
cee, Milan, 1889, 33.) 

Staphylococcus liquefaciens aurantia- 
cus Distaso. (Cent. f. Bakt., I Abt., 
Orig., 69, 1911, 102.) From feces. 

Staphylococcus muscae Glaser. (Amer. 
Jour. Hyg., 4 ,1924 , 411.) Causes a fatal 
infection in houseflies {Muscadom€siica). 
For a description of this species, see 
Bergey et al., Manual, 5th ed., 1939, 264. 

Staphylococcus non pyogenes Savor. 
(Beitr. z. Geburtshilfe u. Gyn&kol. v. 
Begar, t, Heft 1, 1898; Abst. in Cent. f. 


Bakt., I Abt., $6, 1899, 642.) From 
urino-genital tract. 

Staphylococcus pharyngis Bergey etal. 
(Manual, 1st ed., 1923 , 56.) Found in 
the human nasopharynx in acute catarrh¬ 
al inflammation. For a description of 
this species, see Bergey et al.. Manual, 
5th ed., 1939, 265. 

Staphylococcus putrificus Schottmiiller. 
(Leitfaden f. d. Klinisch- Bakt. Kultur- 
Methoden, Berlin, Wien, 1923. Quoted 
from Weinberg, Nativelle and Pr6vot, 
Les Microbes Ana6robies, Paris, 1927, 
1027.) 

Staphylococcus pyogenes liquefaciens 
albus Hlava. (S^rnfk 16kafsk^, II, 
Prague, 1887, 12 pp.; Abst. in Cent. f. 
Bakt., 8, 1887 , 688.) From small pox 
pustules. 

Staphylococcus pyogenes tenuis Scheibc. 
(Inaug. Diss., Munchen, 1889; see Cent, 
f. Bakt., 6, 1889,186.) From middle ear 
infections. 

Staphylococcus roseus Tavel. (Quoted 
from Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 3, 1896, 177.) Evidently 
identical with Micrococcus roseus Leh¬ 
mann and Neumann or Micrococcus 
roseo-fulvus Lehmann and Neumann. 

Staphylococcus salivarius Andrewes 
and Gordon. (35th Ann. Kept. Ix)cal 
Govt. Board London, 1905-^6, 558.) 
From saliva. Probably Micrococcus can- 
didus Cohn. 

Staphylococcus ureae candidus Lund- 
strom. (Festschr. d. path.-anat. Inst, 
z. Andenken a. d. 250 jahrige Bestehen d. 
finnland. Univ. Helsingfors, 1890; abst. 
in Cent. f. Bakt., 9, 1891, 672.) From 
urine. Probably Micrococcus ureae 
Cohn. 

Staphylococcus ureae non pyogenes 
Barlow. (Arch. f. Dermat. u. Syph., 
1893; Abst. in Cent. f. Bakt., 14 , 1893, 
456.) From cases of cystitis. 

Urococcus dowdeswelli Miquel. (Ann. 
de Micrographie, 6, 1893, 209.) Fer¬ 
ments urea. 

Urococcus van tieghemi Miquel (foe. 
ctf., 161). Ferments urea. 
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Genu8 11. Gafikya Trevisan.* 

(Trevisan, Atti d. Accad. Fisio-Medico^Statistica in Milano, Ser. 4, 5, 1885, 106; 
Tetracoccus Klecki, Cent. f. Bakt., /5, 1894, 360; not Tetracoccus Orla-Jenaen, The 
Lactic Acid Bacteria, M6m. Acad. Sci. Danemark, Sec. Sci., 8 s^r, 5,1919,154; Teira- 
diplococcus Bartoszewicz and Schwarzwasser, Cent. f. Bakt., II Abt., il, 1908,614.) 
Named for Prof. GeorR Gaffky, 1860-1918, Berlin. 

Occur in the animal lx)dy and in special media as tetrads, while in ordinary culture 
media they occur in pairs and irregular masses. Aerobic to anaerobic. Gram-posi¬ 
tive. Parasitic organisms. 

The type species is Gaffkya tetragena (Gaffky) Trevisan. 

Key to the species of genus Gaffkya. 


I. Facultative aerobe. 
II. Strict anaerobe. 


1. Gaffkya tetragena (Gaffky) Trevi- 
aan. {Micrococcus ielragenus Gaffky, 
Arch. f. Chirurg., Heft 3, 1883 , 500; 
Trevisan, Atti d. Accad. Fisio- Medico- 
Statistica in Milano, Ser. 4, 3, 1885, 106; 
Micrococcus teiragenus seplicus Boutron, 
Thesis, Paris, 1893; Abst. in Cent. f. 
Bakt., 16f 1894, 971; Micrococcus ieira- 
genus alhus Boutron, ibid. \ Mexista sep~ 
tica Hueppe, Principles of Bacteriology 
(Kng. trans.), 1899, 170; Sarcina septica 
Hueppe, ibid.; Sarcina tetragena Migula, 
Syst. d. Bakt., f, 1900, 225; Merista 
tetragena Vuillomin, Ann. Mycologie, 
Berlin, //, 1913, 525; Staphylococcus 
tetragenus Holland. Jour. Bact., 5, 1920, 
224; Tetracoccus septicus Neveu-IiCmaire, 
Precis Parasitol. Hum., 5th ed., 1921, 
18; Pediococcus tetragenus Pribram, Klas- 
sifikation der Schizomyceten, 1933 , 46.) 
From Greek, tetra (tetara), four; M. L.- 
genes, producing. 

Spheres: 0.6 to 0.8 micron in size, with 
pseudocapsule (in body fluids) surround¬ 
ing four of the elements showing typical 
tetrads. Gram-positive. 


1. Gaffkya tetragena. 

2. Gaffkya anaerobia. 


Gelatin colonics: Small, 1 to 2 mm. in 
diameter, white convex. 

Gelatin stab: Thick, white surface 
growth. No liquefaction. 

Agar colonies: Circular, white, smooth, 
glistening, entire. Reimann (Jour. Bact., 
5/, 1936, 385) has described eleven 
colony form variants for this species. 

.Agar slant: White, moist, glistening. 

Broth: Clear, with gray viscous sedi¬ 
ment. 

Litmus milk: Slightly acid. 

Potato: White, viscid. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Ammonium salts not utilized. 

Acid from glucose, lactose and 
glycerol. 

No HiS formed. 

Aerobic, facultative. 

Pathogenic for mice and guinea pigs; 
rabbits less susceptible. 

Optimum temperature 37*C. 

Source: Isolated from sputum in 
tuberculosis; also from air and skin. 

Habitat: Mucous membrane of respira¬ 
tory tract. 


* Revised by Prof. G. J. Hucker, N. Y. State Exp>eriment Station, Geneva, New 
York, March, 1943. 
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2. Gaffkya anaerobia (Chouk^vitch) 
Pr^vot. {Teiracoccm anaerobius Chou- 
k^vitch, Ann. Inst. Past., B5, 1911, 349; 
Micrococcus tetragenes anaerobius Hamm, 
Dio puerperalc Wundinfektion, Berlin, 
1912; Pr6vot, Ann. Sci. Nat., S6r. Bot., 
16, 1933,203.) From Greek, an, without; 
aer, air; bios, life. 

Spheres: About 1.0 to 1.5 microns, 
occurring in tetrads, sometimes in groups 
of eight. Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: After 24 to 48 
hours, small, grayish, 2 to 3 mm. in diam¬ 
eter. Abundant production of gas which 
breaks up the agar. 

Broth: Poor growth. Slight sediment. 

Milk: Unchanged. 

Coagulated proteins not digested. 

Optimum temperature 37®C. No 
growth at 22®C. 

Non-pathogenic for guinea-pigs or 
rabbits. 

Strict anaerobe. 

Distinctive characters: Prefers acid 
media. 

Source: Isolated from the female gen¬ 
ital tract; isolated from the large in¬ 
testine of a horse. 

Habitat: Probably widely distributed 
in natural cavities of man and animals. 

Appendix; The following species have 
been placed in the genus Gaffkya or in 
the genus Tetracoccus. 

Gaffkya archeri Trevisan. (A black 
micrococcus. Archer, Quart. Jour. Mi¬ 
croscop. Sci., 1874, 321; Trevisan, I 
generi e le specie delle Batteriacee, Milan, 
1889, 27.) 

Gaffkya grandis DeToni and Trevisan. 
(Microcoque des reins et des ulc^res 
syphilitiques de la peau, Babes, in Cornil 
and Babes, Les Bact^r., 2nd ed., 1886, 
782; DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889,1042.) 

Gaffkya mendozae DeToni and Trev¬ 


isan. (Micrococcus tetragenus and Mi- 
crococcus tetragenus mobilis ventriculi 
Mendoza, Cent. f. Bakt., 6, 1889, 667; 
DeToni and Trevisan, in Saccardo, Syl¬ 
loge Fungorum, 8, 1889,1043; Planococcus 
tetragenus Migula, Syst. d. Bakt., $, 1900, 
2%9; Micrococcus mendozae Chester, Man. 
Determ. Bact., 1901, 84; Sarcina tetra- 
gena Winslow and Rogers, Jour. Inf. Dis., 
5, 1906, 645; Planomerista ventriculi 
Vuillemin, Ann. Mycolog., Berlin, 11, 
1913, 525.) Motile. Isolated from the 
contents of the stomach. Hucker (N. 
Y. State Exp. Sta. Tech. Bull. No. 102, 
1924, 21) regards this as a synonym of 
Gaffkya tetragena Trevisan. 

Gaffkya tardissima (Altana) Bergey 
et al. (Tetragenus tardissimus Altana, 
Cent. f. Bakt., I Abt., Orig., 46, 1909, 
42; Bergey et al., Manual, 2nd ed., 1925, 
59.) From a natural infection of guinea 
pigs. See Manual, 5th ed., 1939,269 for a 
description of this species. 

Gaffkya verneti Corbet. (Organism 
No. 21, Denier and Vernet, La Caout¬ 
chouc, 17, 1920, 10491; Corbet, Quart. 
Jour. Rubber Research Inst., Malaya, B, 
1930, 143.) From the latex of the Para 
rubber tree (Hevea brasiliensis), I'or a 
description of this species, see Manual, 
5th ed., 1939, 269. 

Tetracoccus carneus halophilus Horo¬ 
witz-Wlassowa. (Cent. f. Bakt., II Abt., 
86, 1932, 16.) Isolated from salted in¬ 
testines (Wiener skins). 

Tetracoccus casei Orla-Jensen. (The 
Lactic Acid Bacteria, 1919, 80.) From 
cheese. Probably identical with Micro- 
coccus freudenreichii Guillebeau. 

Tetracoccus mastitidis Orla-Jensen (foe. 
cii., 81). From milk of a woman with 
mastitis. Orla-Jensen thinks this is 
identical with the staphylococcus that 
causes mastitis in cow's, i.e., Micrococcus 
pyogenes var. aureus Zopf. 

Tetracoccus mycodermatus Orla-Jensen 
(loc. cit., 81). From Camembert cheese. 
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Qmiu III. SarcliiA Goodsir.* 

(Goodsir, Edinborough Med. and Surg. Jour., 1842, 430; Ldctosarcina Beijerinck, 
Arch. n6erl. d. eci. exact., Ser. 2, IS, 1908, 359; Urosarcina Miquel, Ann. Microg., /, 
1888, 517; Planosarcina Migula, Arb. Bakt. Inst. Karlsruhe, /, 1894, 236; Fseudosar’ 
etna Lohnis, Handb. d. landwirtsch. Bakt., 1910, 449 (Pst^udo-sarcina, Maz6, Compt. 
rend. Acad. Sci. Paris, 1S7, 1903, 887); Sporosarcina Orla-Jensen, Cent. f. Bakt., II 
Abt., 1909, 340; Pauloaarcina Enderlein, Sitzber. Gesell. Naturf., Berlin, 1917, 
319; Phacelium Enderlein, t&td., 319; Zymosarcina Smit, Die Oarungssarcinen. PHan- 
zenforschung. Heft 14,1930, 26; Buiyrisarcina Kluyvor and Van Xiel, Cent. f. Bakt., 
II Abt., 1936, 400; Meihanosarcina Kluyver and Van Niel, tbid.) From Latin 
aarcina, packet, bundle. 

Division occurs, under favorable conditions, iq three planes, producing regular 
packets. Usually Gram-positive. Growth on agar abundant, usually with formation 
of yellow or orange pigment. Glucose broth slightly acid, lactose hmth generally 
neutral. Gelatin frequently liquefied. Nitrites may or may not be produced from 
nitrates. Saprophytes and facultative parasites. 

The type species is Sarcina veniricidi Gi>odsir. 


Key to the apectes of genua Sarcina . 

I. Microaerophilic to anaerobic. 

A. No growth without sugars. Do not produce methane. Sub-genus Zymo- 
aarcina Smit (Die Garungssarcinen. Pflanzenforschung, Heft H, 1930, 26). 

1. Celliilosc reaction positive*. Slow coagulation in litmus milk. 

1. Sarcina ventnettU 

2. Cellulose reaction negative. Litmus milk not coagulate<l. 

2. Sarcina rnaxima. 

H. Does not utilize sugars. Produces methane. Sub-genus Mcthanoaarcina 
Kluyver and van Niel (Cent. f. Bakt., H .Abt., ,94, 1936, 490 1 

3. Sarcirin tmihntnco 


II. Aerobic. 

.A. No end(»sj)ores present Sub-genus Sarciuornrcua subgm no,. 

1. Not halophilic. 

a. Non-motile. 

b. AVllow pigment produced. Nitrites not produced from nitrates, 

c. Milk alkaline; coagulated. 

4. Sarcina lutea. 

cc. Milk alkiiline; not coagulated. 

5. Sarcina flava. 

bb. Orange pigment produced. Nitrites produced from nitrates. 

6. Sarcina aurnntiaca. 


aa. Motile. 


7. Sarcina citren. 


2. Halophilic red chromogen. 


8. Sarcina littoral is, 

B. Endospores present. Motile. Sub-genus Sporosarcina Orla-Jensen (Cent. f. 
Bakt., IT Abt.,fF, 1909, 340). 


9. Sarcina ureae. 


* Revised by Prof. Robert 8. Breed, New York State Experiment Station, Geneva, 
New York, March, 1943. 
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1. Sarcina yentricttli Goodsir. (Good- 
sir, Edinborough Med. and Surg. Jour., 
57, 1842, 430; Meristnopedia goodsirii 
Husemann, De anim. et v^g6t., 18—, 
13; Meriamopedia ventriculi Robin, His- 
toire des v6g6t. parasites, 1853 , 331; 
Anaerobic sarcina, Beijcrinck, Proc. of 
Section of Sciences, Kon. Akad. v. We- 
tensch., Amsterdam, 7, 1905, 580; 

Zymoaarcina ventriculi Smit, Die Gar- 
ungssarcinen. Pflanzenforschung, Jena, 
Heft 14, 1930, 26; Sarcina beijerincki 
Pr6vot, Ann. Sci. Nat., S6r. Bot., 16, 
1933, 205.) From Latin, ventriculus, 
the stomach. 

Description taken in part from Smit 
(loe. cit.). 

Large spheres; 3.5 to 4.0 microns, 
occurring in packets of 8, 16, 32 or more 
elements. Non-motile. Gram-positive. 
Cellulose reaction positive. 

Growth occurs only in sugar media, 
containing peptones. 

Gelatin: No liquefaction. 

Deep glucose agar colonies: Multi- 
lenticular, surrounded by a cloudy zone. 
Abundant gas. 

Glucose agar slant: Round, whitish 
colonies, several millimeters in diameter. 

Glucose broth: Abundant, flaky 
growth. Abundant gas. Acid. No 
turbidity. 

Plain peptone water: No growth. 

Sugar peptone water: Abundant 
growth. Gas. Indole not formed. 

Milk: Slow growth. Acid and co¬ 
agulation. 

Coagulated proteins not attacked. 

Acid and gas from glucose, fructose, 
sucrose, maltose, lactose and galactose. 
No acid from xylose, arabinose, raflfinose, 
mannitol, dulcitol, salicin, starch, glyc¬ 
erin and inulin. 

Neutral red broth changed to fluores¬ 
cent yellow. 

Utilizes peptones, wort and yeast 
water as sources of nitrogen. Cannot 
utilize amino acids or inorganic nitrogen. 

Principal products of metabolism arc 
carbon dioxide and ethyl alcohol. 


Nitrites not produced from nitrates. 

Non-pathogenic. 

Optimum pll 1.5 to 5.0. Limits of 
pH 0.9 to 9.8. 

Temperature relations: Optimum 30®C. 
Maximum 45®C. Minimum 10®C. Killed 
in ten minutes at 65°C. 

Microaerophilic to anaerobic. 

Source: Isolated from a di.sea8ed 
stomach. 

Habitat: Garden soil, dust, sand, mud; 
the stomach. 

2. Sarcina maxima Lindner. (Lind¬ 
ner, Die Sarcina-Organismen der Giir- 
ungsgewerbe. Inaug. Diss., Berlin, 1888, 
54; Also abstract in Cent. f. Hakt., 
4, 1888 , 427; Zymosarcina maxnna Smit, 
Die Garungssarcinen. Pflanzcnforsch- 
ung. Heft 14, 1930, 22; Butyrtsarcina 
maxima Kluyver and van Nicl, Cent f. 
Bakt., II Abt., 94, 1936, 400.) From 
Tiatin maxima, largest. 

Description from Weinberg, Xativellc 
and Pr^vot, Les Microbes Anaerobies, 
1937, 1030 and from Smit, loc. cit. 

Large spheres: 4.0 to 4.5 microns, oc¬ 
curring in regular packets of 8, 16, 32 or 
more elements. Xon-motilc. Gram¬ 
positive. 

Growth occurs only in sugar media, 
containing peptones. 

Gelatin: No liquefaction. 

Deep glucose agar colonies: Multi- 
lenticular. Abundant gas produced 

Glucose agar slant: Round, whitish 
colonies. 

Glucose broth: Abundant growth, 
flaky, gaseous, marked acidification. Dis¬ 
agreeable butyric odor. No turbidity. 

Sugar peptone water: Abundant 
growth, flaky, gaseous, followed by acid¬ 
ification. 

Milk: Not coagulated. 

Coagulated proteins not attacked. 

Cellulose reaction negative. 

Acid and gas from glucose, fructose, 
galactose, maltose, sucrose and lactose. 

Neutral red broth changed to fluores¬ 
cent yellow. 
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Utilizes peptones, yeast water or broth 
as source of nitrogen. Cannot utilize 
amino acids or inorganic nitrogen. 

Principal products of metabolism are 
carbon dioxide, butyric and acetic acids. 

Non-pathogenic. 

Limits of pH 1.0 to 9.5. 

Temi)erature relations: Optimum 30®C. 
Maximum 40®C. Minimum 15®C. Killed 
in twenty minutes at 56®C. 

Microaerophilic to anaerobic. 

Source: Isolated from fermenting malt 
mash. 

Habitat: Acidified flour pastes, wheat 
bran; seldom in soils. Also intestinal 
contents of guinea pigs (Crecelius and 
Rettger, Jour. Bact., 4^, 1943, 10). 

3. Sarcina methanica (Smit) Wein¬ 
berg ct al. (Metliaansarcine, Sohngen, 
Inaug. Diss., Delft, 1906, 104; Zymosar- 
cina methanica Smit, Die Garungssar- 
cinen. Pflanzenforschung, Heft 14,1930, 
25; Methanosarcina methanica Kluyver 
and Van Niel, Cent, f. Bakt., II Abt., 
1936 , 400; Barker, Arch f. Mikrobiol., 
7, 1936, 420; Weinberg, Nativelle and 
Pr^vot, Les Microbes Ana^robies, 1937, 
1032.) From M. L. meihanum^ meth¬ 
ane; M. L. meihaniensy related to 
methane. 

Description from Weinberg, Nativelle 
and Pr6vot Hoc. cii.) and Smit {loc. cit.). 

Spheres: 2.0 to 2.5 microns, occurring 
in packets of 8 or more cocci. Non mo¬ 
tile. Gram-variable. 

Growth in solutions of calcium acetate 
and iK)8sibly butyrate and inorganic am¬ 
monium salts. Carlx)!! dioxide is needed 
for growth. 

In acetate-agar (with addition of some 
H:S and NallCOi): Colonies of 50 to 100 
microns arc formed, showing gas fornui- 
tion. 

(/ultural characters as yet unknown. 

Peptones not attacked. 

Cellulose reaction negative. 

Utilizes ammonium salts as source of 
nitrogen. No organic nitrogen com¬ 
pounds utilized. 


Carbohydrates not fermented. Ethyl 
alcohol is not fermented. 

Principal products from the metab¬ 
olism of calcium acetate and butyrate 
arc methane, earbon dioxide and calcium 
carbonate. 

Non-pathogenic. 

Optimum temperature 35® to 37®C. 

Strict anaerobe. Killed by a short 
contact wdth the air. 

Distinctive characters: Utilizes am¬ 
monium salts and acyclic acids producing 
methane and carbonic acid. 

Source: Sediment in methane fer¬ 
mentation (Weinberg et al.). Isolated 
from mud (Smit). 

Habitat: Sw'amp waters and mud; 
fermenting sew'age sludge. 

4. Sarcina lutca Schroeter. (Kryp- 
tog. Flora v. Schlesien, 5, 1, 1886, 154; 
also see Klein, Microorganisms and Dis¬ 
ease, 1885, 43; Eisenberg, Bakt. Diag., 
1 Aufl., Taf. 2, 1886; Fliigge, Die Mikro- 
organismen, 2 Aufl., 1886,179; Frankland 
and Frankland, Phil. Trans. London, 
178f B, 1888, 265.) From Ijatin luteua^ 
yellow. 

Spheres: 1.0 to 1.5. microns, showing 
packets in all media. Gram-positive. 

Gelatin colonies: Circular up to 5 mm. 
in diameter, sulfur-yellow, sinking into 
the medium. 

Gelatin stab: Slow infundibuliform 
liquefaction. 

.\gar colonics: Yellow, coarsely granu¬ 
lar, circular, raised, moist, glistening, 
entire margin. 

Agar slant: Sulfur to chrome yellow, 
smooth, soft. 

Broth: Clear wdth abundant yellow 
sediment. 

Litmus milk: Coagulated, becoming 
alkaline. 

Potato: Sulfur to chrome yellow, 
raised; sometimes limited growth. 

Slight indole formation. 

Nitrites generally produced from ni¬ 
trates. 
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No acid from glucose, lactose or su¬ 
crose. 

Hydrogen sulfide is formed. 

Aerobic. 

Optimum temperature 25°C. 

Habitat: Air, soil and water, skin 
surfaces. 

5. Sarcina flava De Bary. (Vorlesun- 
gen fiber Bakterien, 1887, 151; Sarcina 
Itquefaciena Frankland and Frankland, 
Philos. Trans. Roy. Soc. London, 178, B, 
1888, 267.) From Latin, flavus, yellow. 

Spheres: 1.0 to 2.0 microns, occurring 
in packets of 16 to 32 cells. Gram-posi¬ 
tive. 

Gelatin colonies: Small, circular, yel¬ 
lowish. 

Gelatin stab: Slowly liquefied. 

Agar slant: Yellow* streak. 

Broth: Slow’ly becoming turbid with 
whitish, later yellow’ish sediment. 

Litmus milk: Alkaline, not coagulated. 

Potato: Yellow streak. 

Indole not produced. 

Nitrites not produced from nitrates. 

Aerobic. 

Optimum temperature 30® to 35®C. 

Habitat: Air, water, soil. 

6. Sarcina aurantiaca Flfigge. (Die 
Mikroorganismen, 1886,180; For descrip¬ 
tion see Frankland and Frankland, Phil. 
Trans. Roy. Soc. London, 178, B, 1888, 
266; Paulosarcina aurantiaca Enderlein, 
Sitzungsber. Ges. Naturf. Freunde, Ber¬ 
lin, 1917,319.) FromM. Ij.,auraniiacu8, 
orange-colored. 

Spheres developing packets in all 
media. Gram-positive. 

Gelatin colonies: Small, circular, dark 
yellow, entire margin, sinking into the 
medium. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar slant: Slightly raised, orange 
yellow to orange red, soft, smooth. 

Broth: Flocculent turbidity, with 
abundant sediment. 

Litmus milk: Coagulation and di¬ 
gestion* 


Potato: Raised, yellow-orange, glisten¬ 
ing to dull, granular. 

Slight indole formation. 

Nitrites not produced from nitrates. 

No HtS produced. 

Aerobic. 

Optimum temperature 30®C. 

Habitat: Air and water. 

7. Sarcina citrea (Migula) Bergey et al. 
(Micrococcus agilis citreus Menge, Cent, 
f. Bakt., 18, 1892, 52; Planococcus citreus 
Migula, Arb. bakt. Inst. Karlsruhe, 1, 
Heft 1, 1894 , 236; Micrococcus agUis- 
citreus Chester, Man. of Bact., 1901, 
115; Bergey et al.. Manual, Ist ed., 1923, 
74.) From M. L. citreus, lemon-yellow. 

Spheres: 0.6 to 0.8 micron, occurring 
singly, in pairs and in packets. Motile, 
possessing a single flagellum. Gram¬ 
positive. 

Gelatin colonies: Small, circular, yel¬ 
lowish, entire, becoming citron-yellow 
to orange. 

Gelatin stab: No liquefaction. 

Agar colonics: Small, yellow, convex, 
entire, smooth, glistening. 

Agar slant: Abundant, yellow, plumose, 
glistening, taking on an orange color with 
age. 

Broth: Turbid. 

Potato: Abundant, yellow growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Air. 

8. Sarcina littoralis Poulsen. (Poul- 
sen, Vidensk. Meddel. naturh. Foren. i 
Copenhagen, 1879-80, 231-254; Sarcina 
morrhuae Farlow, V. H. Fish Commis¬ 
sion Report for 1878, 1880, 974; Micro¬ 
coccus a, H0ye, Bergens Museums 
.\arbog.. No. 7, 2 Hefte, 1901, 39; Micro¬ 
coccus litnralis Kellerman, Cent. f. Bakt., 
II Abt., 48, 1915, 399.) From Utin, 
liius (littus) -toris, the sea shore; -alis, 
relating to. 

The relationships of the following to 
each other and to Sarcina littoralis are 
not clear: 
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Eryihroconis litoralia Oersted. (Na- 
turh. Tidsskrift, 5, 1840-41, 556; Meria- 
mopedia litoralia Rabenhorst, Flora 
Europ. Algarum, 1864-66, 57; Sarcina 
litioralia Winter in Rabenhorst, Krypto- 
gamen-Flora, i, I Abt., 1884, 50; Pedio- 
coccua litoralia Trevisan, I generi e le 
specie delle Batteriacee, Milano, 1889, 
28; Lampropedia litioralia De Toni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8. 1889, 1049.) 

Conintheciuni bertherandi M6guiii. 
(Revue Mycologique, 8,1884, 197.) Sac- 
cardo and Berlese (.\tti. del R. Instituto 
Veneto, Ser. VI, Vol. 3) consider C. 
bertherandi to bo identical with Sarcina 
littoralis, while Zopf (Die Spaltpilze, 2 
Aufl., 1884, 73; 3 Aufl., 1885, 102) 
considers C. bertherandi a stage ofBeg^ 
giatoa roaeu peraictna. 

Description taken from D)chhead (Can. 
Jour. Res., /O, 1934 , 280). 

Spheres: 1.2 to 1.6 microns occurring 
singly, in pairs, in fours, in short chains, 
and in packets, the arrangement varying 
with medium, temperature, salt concen¬ 
tration and age of culture. Non-motile. 
Gram stain variable, with rather more 
ix>8itive than negative cells. 

No growth in ordinary media. 

Salt gelatin: Growth slow, with no 
liquefaction. 

Starch media (20 per cent salt): Colo¬ 
nies usually 1 to 3 mm, round, entire, 
conve.\, with a >^axy appearance, brick 
red with a pale border, color appearing 
gradually. 

Starch media slants (20 per cent salt) : 
Filiform, slightly raised, entire edge. 
CJoral red in color. Slight decrease in 
shade as cultures age. 

Liquid media: No growth. 

Potato: In 20 per cent salt, scanty 
growth. Slight chalky pink develop¬ 
ment near the top. 

Indole not formed. 

Nitrates reduced to nitriles. 

Diastatic action negative. 

Aerobic, obligate. 

Halophiiic, obligate, 16-32 per cent 
•alt. Optimum 20-24 per cent. 


Optimum temperature 37^C. 

Source: Isolated from Beaahore mud 
near Copenhagen. 

Habitat: Sea water brine, or sea salt. 
Isolated from salted hides and salted 
fish. 

The following is believed by Keller- 
man (loc, cit.) to be a variety of iSorcina 
litioralia : 

Diplococcus gadidarum Beckwith. 
(Beckwith, Cent. f. Bakt., I Abt., Grig., 
60, 1911, 351; Micrococcua litoralia gadi¬ 
darum Kellerman, Cent. f. Bakt., II 
Abt., 4£, 1915, 400; Pediococcua gadida¬ 
rum Pribram, Klassification der Schiso- 
myceten, 1933, 46.) From reddened 
salted codfish. 

9. Sarcina ureae (Beijerinck) Lohnis. 
(Plarwaarcina ureae Beijerinck, Cent. f. 
Bakt., II Abt., 7,1901,52; Lohnis, Land- 
wirtsch. baktcriol. Prakticum, 1911, 138; 
Sporoaarcina ureae Kluyver and van 
Niel, Cent. f. Bakt., II Abt., 94, 1936, 
401.) From Greek, itrum, urine; M. L., 
urea, urea. 

Probable synonym: Sarcina paychro- 
carierica (Rubentschick) Beigey et al. 
(Uroaarcina paychrocarterica Rubent¬ 
schick, Cent. f. Bakt., II Abt., 64, 1926, 
168; ibid., 66, 1926, 161; ibid,, 67, 1926, 
167; ibid., 68, 1926, 327; Bergey et al.. 
Manual, 3rd ed., 1930, 95.) 

Spheres: 0.7 to 1.2 microns, occurring 
singly, in pairs and in packets. Atypical 
endospores present. Motile, possessing 
long peritrichous fiagella. Gram¬ 
positive. 

Gelatin colonies: Small, circular, flat, 
tough, yellowish. 

Converts urea into ammonium car¬ 
bonate. 

Aerobic. 

Optimum temperature 20^C. Resists 
heating to 80®C for 10 minutes. 

Source: Isolated from urine. 

Appendix: The following names appear 
in the literature, and are listed here 
chiefly for their historical interest. 
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Many are inadequately described, and 
probably many are synonyms. 

Micrococcus aurantiacus Pagliani, Mag- 
giora and Fratini, (Pagliani et al., 1887; 
Pcdiococcus aurantiacus Trevisan, I 
generi c le specie delle Batteriacee, 
Milan, 1889, 28; Merismopedia aurantiaca 
Maggioria, Giorn. Soc. ital. d*Igiene, 11 y 
1889, 355; Pcdiococcus maggiorae De Toni 
and Trevisan, in Saccardo, Sylloge Fun- 
goruin, 8y 1889, 1051.1 From skin of the 
human foot. 

Planosarcina samesti Migula. (Fine 
bewegliche Sarcinc, Sames, Cent. f. 
Bakt., II Abt., 4, 1898, 664; Migula, 
Syst. d. Bakt., 2y 1900, V and 278; Sar- 
etna agilis Matzuschita, Zeit. f. Hyg., 55, 
1900, 4%.) From liquid manure. Prob¬ 
ably identical with Sarcina ureae 
Lohnis. 

Sarcina acidificans Migula. (Sarcina 
No. VIII, Adametz, Landwirtsch. Jahrb., 
18y 1889, 243; Migula, Syst. d. Bakt., 5, 
1900, 258.) From cheese. Winslow and 
Winslow (The Systematic Relationships 
of the Coccaceac, 1908, 235) regard this 
species as a variant of Sarcina lutea 
Schroeter. 

Sarcina agilis Saito. (Jour. Coll. 
Science Imp. Univ. Tokyo, 55, 1908, 
68; abst. in Cent. f. Bakt., II Abt., 5^, 
1909,228.) From dust. 

Sarcina alba Zimmermann. (Weisse 
Sarcina, Maschek, Bakt. Untersuch. -d. 
Leitmeritzer Trinkwasser, 1887, 64; Zim¬ 
mermann, Die Bakterien unserer Trink- 
u. Nutzwasser, Chemnitz, I Reihe, 1890, 
90.) From water. Zimmermann re¬ 
ported the presence of spores; subsequent 
workers failed to observe spores, even 
when working with original cultures. 

Sarcina alba var. incana Appel. (Ber. 
d. landw. Inst. Konigsberg, Heft 5, 1900, 
89; quoted from Lohnis, Cent. f. Bakt., 
II Abt., 18y 1907, 146.) Frequently 
found in milk. Closely related to Ada- 
metz’s Sarcinae Nos. VII, VIII and IX. 

Sarcina albida Gruber. (Arb. bakt. 
Inst. Karlsruhe, I, Heft 3, 1895, 256.) 
From the stomach contents of a man with 
stomach cancer. 


Sarcina aluiacea Gruber Hoc, cit,^ 
221). From leaven. 

Sarcina aurea Mac6. (Traits Pra¬ 
tique de Bact., 2nd ed., 1892, 371; not 
Sarcina aurca Henrici, see below.) From 
lung exudate. Possesses active oscillary 
motility, but no fliigelhi. 

Sarcina aurca Henwri. (Arb. bakt. 
Inst. Karlsruhe, i. Heft 1, 1894, 91; 
Sarcina aurescens Gruber, i6/d.. Heft 3, 
1895, 263.) From Swiss cheese. Wins¬ 
low and Winslow (loc. cit,, 233) regard 
this speci(*s as a variant of Sarcina fiava 
De Bary which lias acquired certain 
fermentative powers. 

Sarcina aurescens var. mucosa Jaiscr; 
quoted from Pribram, Klassifikation der 
Schizomyccten, 1933, 44. 

Sarcina bicolor Kern. (Arb. bakt. 
Inst. Karlsruhe, I, Heft 4, 1897, 505.) 
From the stomach of a wtxidpeckcr (Piciis 
major). Winslow and Winslow (loc. cit.y 
232) regard this species as identical with 
Sarcina flava Do Bary. 

Sarcina butyrica Migula. (Sarcina No. 
XI, Adametz, landwirtsch. Jahrb., 15, 
1889, 24^; Migula, Syst. d. Bakt., 5, 19(X), 
240.) From cheese. Winslow and Wins¬ 
low (loc. cit.y 233) regard this as a variant 
of Sarcina flava De Bary which has ac¬ 
quired certain fermentative powers. 

Sarcina Candida Lindner (Die Sar- 
cina-Organismen der Gahrungsgewerbe, 
Inaug. Diss., Berlin, 1888, 43; Abst. in 
Cent. f. Bakt., i, 1888, 427.) Fmm 
water reservoir of a brewery and from 
air in the vicinity of the brewery. 

Sarcina canescens Stubenrath. (Stu- 
benrath, in Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 5, 1896, 143.) Stu¬ 
benrath considered this a subspecies or 
variety of his Sarcina equi from which it 
differed only by its constant gray color 
on all culture media. Winslow and 
Winslow (loc. cit.y 232) regard this as 
identical with Sarcina flava De Bary. 

Sarcina carnea Gruber. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 3, 1895, 278.) 
From leaven. 

Sarcina casei Migula. (Sarcina No. 
VII, Adametz, Landwirtsch. Jahrb., 18, 
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1889, 242; Migula, Syst. d. Bakt., f, 1900, 
239.) From cheese. Winslow and Wins¬ 
low {loc, cit.f 233) regard this species as a 
variant of Sarcina flava De Bary which 
has acquired certain fermentative 
powers. 

Sarcina caseolytica Stark and Scheib. 
(Jour. Dairy Sci., iP, 1936, 212.) From 
butter. 

Sarcina cervtna Stubenrath. (Stuben- 
rath, in Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., £, 1896, 146.) From the 
stomach in a case of carcinoma. 

Sarcina citrea Winslow and Winslo>^. 
(The Systematic Relationships of the 
Coccacccae, 1908, 234; not Sarcina citrea 
Bergey ct al., Manual, 1st ed., 1923, 74.) 
This is the name given by Winslow and 
Winslow to their Type 2, the nitrate- 
reducing group of Sarcina. 

Sarcina ciirina Gruber. (Arb bakt. 
Inst. Karlsruhe, i, Heft 3, 1895, 269.) 
From leaven. Winslow and Winslow 
(loc. ctl., 235) regard this species as 
identical with Sarcina lutca Sehroctcr. 

Sarcina conjunciivac Bergey et al. 
(Sarcina citrea conjunctivae Verdcramc, 
Cent. f. Bakt., I Abt., Orig., 59, 1911, 
381; Bergey et al., Manual, 1st ed., 1923, 
71.) From the conjunctiva Gram- 
negativc. 

Sarcina devorans Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1897, 502.) 
From stomach contents of a sparrow' 
(Passer montanus). 

Sarcina equi Stubenrath. (Stuben¬ 
rath, in Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., e, 1896, 143.) Found 
frequently in the urine of horses. Very 
similar to Sarcina lutca according to 
Stubenrath, who names three subspecies 
or varieties: Sarcina lividoduiescens, S. 
canescens and S. variabilis. Winslow 
and Winslow' (loc. cit., 232) regard this 
species as identical w’ith Sarcina flava 
De Bary. 

Sarcina erythromyxn (Overbeck) Krdl. 
(Micrococcus rrythromyxa Overbeck, 
Nova .\cta dor I^op. C^arol, 55, No. 7, 
1891; KrAl, Vcrzeichnis dcr abzugebenden 
Eak.) For a description of this species, 


see Zimmermann, Die Bakterien unserer 
Trink- und Nutzwgsser, Chemnitz, II, 
1894, 70. From water. Produces a red 
pigment. 

Sarcina firrfentaria Lehmann and Neu¬ 
mann. (Fine bewegliche Sarcine, Sames, 
Cent. f. Bakt., II Abt., 4, 1898, 664; 
Lehmann and Neumann, Bakt. Diag., 2 
Aufl., f, 1899, 146; Planosarcina samesii 
Migula, Syst. d. Bakt., B, 1900, V and 
278; Sarcina samesii Matzuschita, Bakt. 
Diag., Jena, 1902, 3(X).) From liquid 
manure. Exhibits active motility with 
many long flagella. Pribram (Klassiflka- 
tion der Schizomyceten, 1933, 45) re¬ 
gards this organism as identical w'ith 
Sarcina ureae and Sarcina mobilis. 

Sarcina flavescens Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
91 ) From Swiss cheese. Winslow' and 
Winslow' (loc. cit.,2S2) regard this species 
as identical with Sarcina flava De Bary. 

Sarcina fulva Stubenrath. (Das 
Genus Sarcina, Miinchen, 1897; see 
Lehmann and Neumann, Bakt. Diag., 2 
Aufl , 2, 1899, 143.) Isolated many 
times from stomach contents and once 
from preputial smegma. Similar to Sar¬ 
cina pulmonum. 

Sarcina fusca Gruber. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 3, 1895, 282.) 
From flour. 

Sarcina fuscescens De Bary. (Vorle- 
sungen uber Bakterien, 2 Aufl., 1887,181 
and Botan. Centralb., 1887, 34. Re¬ 
duced to a synonym of Sarcina ventriculi 
Goodsir by Migula, Syst. d. Bakt., f, 
1900, 259.) From the contents of the 
stomach. 

Sarcina gasoformans Gruber. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 3, 1895, 
270.) From leaven. Young cultures 
produce considerable gas. 

Sarcina gigantea Kern (Arb. bakt. 
Inst. Karlsruhe, I, Heft 4, 1897, 508.) 
From stomach contents of the starling 
(Sturnus vulgaris). The diameter of a 
cell is 2.05 to 2.1 microns. Winslow and 
Winslow (loc. c/L, 232) regiird this species 
as identical w'ith Sarcina flava De Bary. 

Sarcina gigantea Petter. (Proc. Kon. 
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Akad. Wet. Amsterdam, 5^, 1931, 1417; 
Thesis, Utrecht, 1932; Compt. rend. 
Acad. Sci., Paris, 196^ 1933,300.) From 
salted herring. Halophilic. 

Sareina hamaguchiae Saito. (Cent, 
f. Bakt., II Abt., 17, 1906, 155.) From 
soy bean mash. 

Sareina ineana Gruber (loc. c«<., 248). 
From leaven. 

Sareina incarnaia Gruber. (Loc. ci^, 
279; Rhodoeoceua incamatus Winslow 
and Rogers, Jour. Inf. Dis., 5, 1906, 
546.) From|lcaven. Produces pink pig¬ 
ment. 

Sareina intermedia Gruber (Loc. ct7., 
277). From leaven. Winslow and 
Winslow {JLoc, cii,y 235) regard this 
species as identical with Sareina lutea 
tehroeter. 

Sareina inteatinalie Zopf. (Die Spalt- 
pilze, 3 Aufl., 1885, 55.) From the in> 
testines of poultry. 

Sareina lactea Gruber. (Loc. cit., 254; 
not Sareina laetea Beigey et al., Manual, 
1st ed., 1923, 73.) From leaven. 

Sareina laclis Chester. (No. 45, Conn, 
Storrs Agr. Exp. Sta. Kept., 1894, 79; 
Chester, Man. Determ. Bact., 1901, 111.) 
From fermented milk (matzoon). Wins¬ 
low and Winslow (loc. ciL, 232) regard 
this species as identical with Sareina 
flava De Bary. 

Sareina laetis aeidi Conn, Esten and 
Stocking. (Storrs Agr. Exp. Sta. Ann. 
Kept., 1907, 125.) From milk. 

Sareina lactie albua Conn, Esten and 
Stocking (loc. cit., 124). From milk. 

Sareina laciia auraniiaca Conn, Esten 
and Stocking (foe. ctt., 125). From 
milk. 

Sareina laciia lutea Conn, Esten and 
Stocking (loc. cil.^ 124). From milk. 

Sareina lembkei Migula. (No. 24, 
Lembke, Arch. f. Hyg., fd, 1896, 316; 
Migula, Syst. d. Bakt., F, 1900, 241.) 
From the intestine. Winslow and Wins¬ 
low (loe. eit., 232) regard this species as 
identical with Sareina flava De Bary. 

Sareina liguefaciens Frankland and 
Frankland. (Phil. Trans. Royal Soc. 


London, 178, B, 1888, 267.) From dust. 
Also found in cheese by Henrici (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
95). Winslow and Winslow (loc. cit., 
232) regard this species as identical with 
Sareina flava De Bary. 

Sareina livida Gruber (loc. eit., 297). 
From leaven. Winslow and Winslow 
(loc. eit., 235) regard this species as 
identical with Sareina lutea Schroeter. 

Sareina livido-luieacena Stubenrath. 
(Stubenrath, in Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., F, 1896,143; Porcino 
lutescena Chester, Man. Determ. Bact., 
1901,112.) From stools in a case of entcr> 
itis. Stubenrath regards this as a sub¬ 
species or variety of his Sareina equi. 

Sareina loewenbergii Mac6. (Une 
sarcine pathog^ne, lioewcnberg, Ann. 
Inst. Past., IS, 1899, 358; Mac6, Trait6 
Pratique de Bact., 4th ed., 1901, 464.) 
From the nasal cavity in a case of ozena. 
Probably a strongly slime-forming variety 
of Sareina tetragena, according to I.ieh- 
mann and Neumann, Bakt. Diag., 5 
Aufl.,F, 1912,206. Also see Galli-Valerio, 
Cent, f. Bakt., I Abt., Orig., 47, 1908,177, 
for discussion. 

Sareina luieola Gruber (loc. eit., 265). 
From leaven. Winslow and Winslow 
(loc. eit., 235) regard this species as 
identical with Sareina lutea Schroeter. 

Sareina marginata Gruber (loe. eit., 
268). From leaven. Winslow and Wins¬ 
low (loc. eit., 235) regard this as identical 
with Sareina lutea Schroeter. 

Sareina meliflava Gruber (loc. eit., 
272). From flour. Winslow and Wins¬ 
low (loc. eit., 235) consider this identical 
with Sareina lutea Schroeter. 

Sareina minuta De Bary. (Vorlesung- 
en tiber Bakterien, 1 Aufl., 1885; Eng. 
trans., 2nd ed., 1887, 117 and 185.) 

Sareina mirabilia K^rn. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1897, 506.) 
From intestine of the yellow-hammer 
(Emberiza citrinella) and a dove (Co- 
lumba oenaa). Winslow and Winslow 
(loc. CiL, 232) consider this species identi¬ 
cal with Sareina flava De Bary. 
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Sarcina mobUis Maurea. (Cent. f. 
Bakt., 11, 1892,228; Planoaarcina mobiliM 
Migula, Arb. bakt. Inst. Karlsruhe, 1, 
1894, 236; MicrococcxiB mohilU Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, 353.) 
From old ascitic fluid. Motile, each cell 
with two short flagella. 

Sarcina mucosa Sauerbeck. (Cent, 
f. Bakt., I Abt., Orig., SO, 1909, 289.) 
From pulmonary sputum. Probably a 
slime-forming variety of Sarcina ieira- 
gena, according to Lehmann and Neu¬ 
mann, Bakt. Diag., 5 Aufl., 8, 1912, 206. 

Sarcina nivea Henrici. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 1, 1894, 88.) 
From cheese. 

Sarcina olena Henrici (loc. cit,, 94). 
From Camembert cheese. Winslow and 
Winslow (loc. cit., 232) regard this spe¬ 
cies as identical with Sarcina flava De 
Bary. 

Sarcina orangea Cahanesco. (Ann. 
Inst. Past., IS, 1901, 856.) From vagina 
of a dog. 

Sarcina paludoaa Schroeter. (Schroe- 
ter, in Cohn, Kryptog. Flora v. Schlesien, 

8, I, 1886, 153.) From the waste water 
of a sugar factory. Not cultivated. 

Sarcina peraicina Gruber (loc. cit., 
281). From leaven. 

Sarcina paeudogonorrhoeae Lehmann 
and Neumann. (Eine neue Sarcina, Na¬ 
gano, Cent, f, Bakt., I Abt., Grig., S$, 
1902, 327; Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 8,1907,212; Sarcina naga- 
noi Mac6, Trait6 Pratique de Bact., 6th 
ed., /, 1912, 631.) From pus. 

Sarcina pulchra Henrici (loc. cii., 89). 
From cheese. 

Sarcina pulmonum Hauser. (Lungen- 
sarcine, Virchow, Arch. f. path. Anat., 

9, 1856, 557; Hauser, Deutsch. Arch. f. 
klin. Medizin, 48, 1887, 127; Sarcina 
virchowii Trevisan, Atti delP Accad. 
Fisio-Medico-Statistica di Milano, Ser. 
IV, 5,1885,119.) From the sputum of a 
patient with phthisis. Motile (I^h- 
maan and Neumann, Bakt. Diag., 2 
Aufl., 8, 1899, 141).. Hauser says this 
sareina forms endogenous spores which 
may be demonstrated by Neisser’s 


method of staining, and which have great 
resistance to heat. When cultivated in 
urine, it causes ammoniacal fermentation 
of the urea. Regarded by Jan Smit 
(personal communication, 1^9) as identi¬ 
cal with Sarcina ureae. 

Sarcina radiata KCm (loc. cii., 53). 
From stomach and intestines of the rock 
dove (Columba livia) and a sparrow 
(Paaaer monianua). Winslow and Wins¬ 
low (loc. cii., 232) regard this as identical 
with Sarcina flava De Bary. 

Sarcina roaacea Migula. (Sarcina ro- 
aea (Schroeter) Lindner, Inaug. Diss., 
Berlin, 1888, 45; Migula, Syst. d. Bakt., 
8, 1900, 263.) Found frequently in dust 
and water. Lindner believed his culture 
to be Sarcina rosea Schroeter. 

Sareina rubra Migula. (Eine rothe 
Sarcinc, Mcnge, Chnt. f. Bakt., 6, 1889, 
596; Migula, Syst. d. Bakt., 8, 1900, 
261.) From red milk. 

Sarcina achaudinni (Wolff) Pribram. 
(Planoaarcina achaudinni Wolff, Cent, 
f. Bakt., II Abt., 18, 1907, 9; Pribram, 
Klassiflkation der Schizomyceten, 1933, 
45.) From rotten places on potatoes. 
A motile coccus with long flagella. 

Sarcina aolani Reinke and Berthold. 
(Die Zersetzung der Kartoffel durch 
Pilze, Berlin, 1879; see O. Appel in Lafar, 
Handbuch der Technischen Mykologie, 
8, 1905-08, 350.) Found in wet rotting 
of potatoes. 

Sarcina airiaia Gruber (loc. cii., 271). 
From flour. Winslow and Winslow (loc. 
cit., 235) regard this species as identical 
with Sarcina luiea Schroeter. 

Sarcina aubflava Ravenel. (Memoirs 
Nat. Acad. Sci., 8, 1896, 10.) From soil. 

Sarcina aulfurea Henrici (loc. cU,, 
90). From cheese. Winslow and Wins¬ 
low (loc. cii., 235) consider this species 
identical with Sarcina luiea Schroeter. 

Sareina auperba Henrici (loc. eii., 93). 
From cheese. Winslow and Winslow 
(loc. cit., 232) regard this species as 
identical with iSarctna flava De Bary. 

Sareina aymbiotiea Pribram. (Eine 
gelbe Sarcina, Qropenfieaser, Cant. L 
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Bakt., II Abt., 61, 1925, 495; Pribram, 
Klasaifikatioii der Schizomyceten, 1933, 
45.) Lives symbiotically with cock¬ 
roaches. 

Sarcina thernwdurica Wainess and 
Parfitt. (Jour. Bact., 40, 1940, 157.) 
From milking machines and other dairy 
farm utensils. Resists pasteurization 
temperatures. 

Sarcina thermophila Barpagli-Petrucci. 
(Nuov. Giorn. Bot. Ital., 1913; Abst. 
in Cent. f. Bakt., II Abt., 4S, 1915, 294.) 
From the borax-yielding waters of Tus¬ 
cany. Grows at temperatures up to 
75®C. 

Sarcina urinae Welcker. (Sarcina rents 
Hepvrorth, Microscop. Jour., 5, 1857, 1; 
Welcker, in Henle and Pfeffcr, Ztschr. f. 
rat. Med., 3 Ser., 5, 1859, 199; Merismo- 
pedia urinae Rabenhorst, Flor. europ. 
algarum, f, 1865, 59.) Observed in the 
bladder. See below, Sarcina welckeri, 

Sarcina variabilis Stubenrath. (Stu- 
benrath, in Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896,143.) From 
gastric contents. May be considered a 
subspecies of Sarcina equi Stubenrath. 
'Winslow and Winslow (loc. cit., 232) re¬ 


gard this as identical with Sarcina flava 
De Bary. 

Sarcina variegata Pansini. (Arch. f. 
path. Anat., 122, 1890, 459.) Found 
in sputum from cases of influenza. 

Sarcina velutina Gruber (loc. cit., 
275). From leaven. Winslow and Wins¬ 
low' (loc. cit., 235) consider this species 
identical with Sarcina lutea Schroeter. 

Sarcina vcrmicularis Gruber (loc. ctL, 
253). From wheat flour. 

Sarcina vermiformis Gruber (loc. cit., 
266). From leaven. Winslow and Wins¬ 
low (loc. cit., 235) consider this species 
identical with Sarcina lutea Schroeter. 

Sarcina viridis flavescens Rosenthal. 
(Inaug. Diss., Erlangen, 1893; Abst. in 
(ent. f. Bakt., 16, 1894,-1024.) From 
the oral cavity. 

Sarcina welckeri Rossmann. (Ross- 
man, IJeber Urimsarcina, Flora, 40. 1857, 
641; Merismopedia welckeri Rabenhorst, 
Flora europaea, Alg. II, 1865,58.) From 
the urinary blad<ler. 

Urosarctna dimorpha Beijerinck. 
(Cent. f. Bakt., II Abt., 7, 1901, 53.) 
Reported to form spores. Non-motile, 
From garden earth. 
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FAMILY VI. NEISSERIACEAK PRfiVOT.* 

(Ann. Sci. Nat., S6r. Hot., 15, 1933, 119.) 

Cells spherical, in pairs or in masses. Non>motile. Gram-negative. Pigment 
formation rare. The family contains aerobic and anaerobic species. Some grow poorly 
or not at all without mammalian body fluids. Optimum temperature 37®C. All 
known species are parasitic. 

Key to the genera of family Nelsseriaceae. 

I. Occurring in pairs, with adjacent sides usually flattened. Aerobes, faculta¬ 
tive anaerobes and anaerobes. Approximately 1 micron in diameter. 

Genus I. Neisseria, p. 295. 

II. Occurring in masses, rarely in pairs. Anaerobes. Less than .5 micron in 
diameter. 

Genus II. Veillonella, p. 302. 

(renus 7. Neisseria Trevisan. 

(Trevisan, Atti della Accademia Fisio-Medico-Statistica in Milano, Ser. 4, 5,1885» 
105; Gonococcus Lindau (?), Just’s Bot. Jahresber., I Abt., Orig., 26, 1898, 100.) 
Named for Dr. Albert Neisscr who discovered the organism causing gonorrhoea in 1879. 

Paired, Gram-negative cocci with adjacent sides flattened. Four of the eleven 
species produce yellow pigment. Aerobic and anaerobic species occur. Growth on 
standard media may be poor. Biochemical activities are limited. Few carbohy¬ 
drates are utilized. Indole is not produced. Nitrates are not reduced. Catalase is 
produced abundantly. Parasites of mammals so far as known. 

The type species is Neisserta gonorrhoeae Trevisan. 

Key to the species of genus Neisseria, 

I. Aerobes, facultative anaerobes. 

A. Grow best on special culture media or on plain agar containing blood, blood 

serum or similar enrichment fluids, especially with added glucose. 
Grow best at 35® to 37°C; no growth below' 25® or above 40®C. Not 
chromogenic. 

1. Acid from glucose, not from maltose. Grow th anaerobically. 

1. Neissena gonorrhoeae. 

2. Acid from glucose and maltose. No growth anaerobically. 

2. Neisseria meningitidis. 

B. Grow well on ordinary culture media. Grow well at 22®C. 

1. Non-chromogenic. 

a. Moist colonies on agar. No action on glucose, sucrose or mannitol. 

3. Neisseria catarrhalis. 

aa. Dry crumbly colonies on agar. Acid from glucose and sucrose; 
but not from mannitol. 

4. Neisseria sicca. 


* Revised by Prof. E. G. D. Murray, McGill University, Montreal, P.Q., Canada 
in consultation with Dr. Sara E. Branham, United States Public Health Service, 
Washington, D. C., June, 1938; further revision, August, 1943. Descriptions of 
anaerobic species reviewed by Dr. Ivan C. Hall, New York City, January, 1944. 
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2. ChromogeneaiB best seen on Ldffler’s serum, 
a. Acid from fructose, 
b. Acid fronoL sucrose. 

5. Neiaaeria perfiava. 

bb. No acid from sucrose. 


6 . 

aa. No acid from fructose, 
b. Acid from glucose. 

7. 


bb. No acid from glucose. 

8 . 


II. Anaerobes. 

A. Gas produced from peptone broth. 

9 . 


Neiaaeria ftwa. 


Neiaaaria avbflava. 
Neiaaeria fiaveacena. 


Neiaaeria diacoidea. 


B. No gas produced. 

1. Odor of rancid butter. 


2. No rancid odor. 


10. Neiaaeria renifgrtnia. 


11. Neiaaeria orhiculaia. 


1. Neisseria gonorrhoeae Trevisan. 
(Micrococcus der Gonorrhoe, Neisser, 
Vorl. Mitteil., Cent. f. Medicinische 
Wissenschaft, 17, 1879, 497; Trevisan, 
Atti della Accademia Fieio-Medico>Sta- 
tistica in Milano, Ser. 4, 5, 1885, 105.) 
From Greek, gonorrhoea, flux of semen; 
MX. genitive of gonorrhoea. 

Synonyms: Gonococcus, Diplococcus 
der Gonorrhoe, Bumm, Der Mikrooigan- 
ismen der gonorrhoischen Schleimhauter- 
krankung, Weisbaden, 1885,16; Aferiamo- 
pedia gonorrhoeae Zopf, Die Spaltpilxe, 
1885,54; Microeoecua gonorrhoeae Flflgge, 
Die Mikroorganismen, 1886, 156; Micro- 
eoccua gonococcua Schroeter, in Cohn, 
Kryptog. Flora v. Schlesien, S, I, 1886, 
147; Diploeoceua gonorrhoeae Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 2, 
1806, 150; Mierococeua gonorrhoeae Leh¬ 
mann and Neumann, ibid,, 4 Aufl., 2, 
1907, 212. 

Spheres: 0.6 to 1.0 micron, occurring 
singly and in pairs, the sides flattened 
where they are in contact. Gram¬ 
negative. 

Grows only on media with the addition 
of body fluids (blood, ascites, etc.), or 
other specially prepared media. 

Colonies are small, transparent, even¬ 


tually (2 to 4 days) developing a lobate 
margin, grayish-white with a pearly opal¬ 
escence by transmitted light. Larger 
colonies on special media. 

Acid from glucose. No acid from 
maltose, fructose, sucrose and mannitol. 

Optimum temperature 37®C. No 
growth below 25® or above 40®C. 

Aerobic to facultative anaerobic. 
Many strains develop more readily with 
increased COt tension. 

Conunon name: Gonococcus. 

Source: Originally found in purulent 
venereal discharges. Also found in 
blood, conjunctiva, joints and cerebro¬ 
spinal fluid. 

Habitat: The cause of gonorrhoea and 
other infections of man. Not found in 
other animals. 

2. Neisseria meningitidis (Albrecht 
and Ghon) Holland. (Diplokokkua intra- 
eellularia meningitidia Weichselbaum, 
Fortschr. d. Med., S, 1887,583; Neiaaeria 
weichaelbaumii Trevisan, I generi e le 
specie delle Batteriacee, 1889, 32; not 
I)iploeoccua intracellvlaria^eoget, Ztschr. 
f* Hyg., 19, 1895, 353; not Tetracocena 
iniraeelltUaria Jaeger, ibid,, 368; not 
Sireptoeoeeua intraeeUtUaria Lehmann 
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and Neumann, Bakt. Diag., 1 Aufl., f, 
1896, 132; Micrococcus intracellularis 
Migula, Syst. d Bakt., 1900, 189; 
Micrococcus meningococcus cerehrospi- 
nalis Albrecht and Ghon, Wiener klin. 
Wochnschr., 14, 1901, 988; not Strepto¬ 
coccus weichselbaumii Chester, Man. 
Determ. Bact., 1901, 64; not Meningo¬ 
coccus intracellularis Jaeger, Cent. f. 
Bakt., 1 Abt., Orig., 55, 1903, 23; Micros 
coccus meningitidis Albrecht and Ghon, 
Cent. f. Bakt., 1 Abt., Orig., 55, 1903, 
498; Diplococcus intracellularis Weichscl- 
baum, Cent. f. Bakt., 1 Abt., Orig., 55, 
1903, 511; Micrococcus intracellularis 
meningitidis de Bettencourt and Fran^, 
Ztschr. f. Hyg., 45,1904,464; Diplococcus 
meningitidisj ibid., 495; Holland, Jour. 
Bact., 6, 1920, 224; Neisseria intracel¬ 
lular is-meningitidis Holland, ibid., 224; 
Neisseria intracellularis Holland, ibid., 
224; see also Kiser and Huntoou, Jour. 
Med. Res., 20 (K. S. 16), 1909, 371 and 
Murray, Med. Res. Council, London, 
Special Report Series No. 124, 1929 for 
detailed studies of the group.) From 
Greek, meninz, meninges, a membrane, a 
membrane covering the brain; M. L. 
genitive of meningitis, an inflammation 
of the meninges. 

The binomial. Neisseria intracellularis, 
used in previous editions of the Manual 
has proved confusing because the names 
Micrococcus intracellularis, Diplococcus 
intracellularis and Streptococcus intra¬ 
cellularis, liave been used loosely for 
unrelated organisms. Neisseria weichseU 
baumii has been so rarely and loosely 
used that any attempt to introduce it 
now is inadvisable despite rights of 
priority. The equally available name, 
Neisseria meningitidis, has therefore 
been adopted to avoid further confusion. 
It has the obvious advantage of associ¬ 
ation with the common name, meningo¬ 
coccus, which has been so frequently used 
in the literature. 

In 1898, Councilman, Mallory and 
Wright (Epidemic Cerebrospinal Menin¬ 
gitis and its Relation to Other Forms of 


Meningitis, Boston, 1898) definitely 
established the Gram-negative coccus as 
the cause of epidemic meningitis and 
clarified the confusion created l>ccau8e 
Jaeger regarded the coccus that he 
isolated (sec Diplococcus crass us von 
Lingelsheim) as identical with Neisseria 
meningitidis. 

Spheres: 0.6 to 0.8 micron in diameter, 
occasionally larger, occurring singly, in 
pairs with adjacent sides flattened, or 
occasionally in tetrads. Gram-negative. 

Good growth is obtained on media con¬ 
taining blood, blood scrum and other 
enriclunent fluids with added glucose. 
Best growth on special media. 

Blood agar plates arc generally em¬ 
ployed to isolate the organism. The 
colonics arc small, slightly convex, trans¬ 
parent, glistening. Colonies large on 
special media. 

Older cultures may show gro\\th on 
neutral agar or glucose agar, properly 
prepared. Frequent transplantation is 
necessary to keep the organism alive in 
recently isolated strains; older strains 
survive for one month or longer at 37®C 
and for years on special media. 

Acid from glucose and maltose. No 
acid from fructose, sucrose and mannitol. 

Nitrites not produced from nitrates 
(Branham). 

Optimum temperature 37®C. No 
growth at 22® or at 40®C. 

.\erobic, no growth anaerobically. 

Common name: Meningococcus. 

Source; Originally found in cerebro¬ 
spinal fluid. Also found in nasopharynx, 
blood, conjunctiva, pus from joints, 
Iietechiae in skin, etc. 

Habitat: Nasopharynx of man, not 
found in other animals. Cause of epi¬ 
demic cerebrospinal fever (meningitis). 

Four main varieties or types of Neis¬ 
seria meningitidis have been differen¬ 
tiated by Gordon and Murray (Jour. 
Roy. Army Med, Corps, 26 (5), 1915, 
423) and by others on the basis of agglu¬ 
tination reactions with immune serums. 
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3. Neisseria catarrhalis (Frosch and 
Kolle) Holland. {Micrococcus catarrh- 
alis Frosch and Kolle, in FlUgge, Die 
Mikroorganismen, 3 Aud., F, 1896, 154; 
Diplococcus pharyngis communis von 
Lingelsheim, Klin. Jahrb., 15, 1906, 408; 
Holland, Jour. Bact., 5, 1920, 224.) 
From Greek, catarrh, a running down. 

Spheres: 0.6 to 0.8 micron in diameter, 
occurring singly or in pairs with adjacent 
sides flattened, occasionally in fours. 
Gram-negative. 

Agar colonies: Small, circular, grayish 
white to dirty white, with erose margins. 

Broth: Turbid, often with slight pel¬ 
licle. 

No acid from any of the carbohydrates. 
Optimum temperature 37°C. Grows 
well at 22®C. 

Aerobic, facultative. 

Source: Nasopharynx, saliva and res¬ 
piratory tract. 

Habitat: Human mucous membrane of 
the respiratory tract. Often associated 
with other organisms in inflammations of 
the mucous membrane. 

Note: Topley and Wilson (Prin. of 
Bact., 1931, 349) state that Neisseria 
pharyngis cinerea {Micrococcus pharyngis 
cir^ereus von Lingelsheim, Klin. Jahrb., 
IS, 1906, 373) resembles Neisseria catar¬ 
rhalis so closely that it should probably be 
regarded as a variety of this species. 

4. Neisseria sicca (von Lingelsheim) 
Bergey et al. {Diplococcus pharyngis 
siccus von Lingelsheim, Klin. Jahrb., 16, 
1906,409; Diplococcus siccus von Lingels¬ 
heim, Ztschr. f. Hyg., 69, 1908, 476; 
Micrococcus pharyngis siccus Kutscher, 
in Kolle and Wassermann, Handb. d. 
Path. Mikroorganismen, 2 Aufl., 4, 1912, 
603; Micrococcus pharyngis-siccus Hol¬ 
land, Jour, of Bact., 6, 1920, 224; Neis¬ 
seria pharyngis-sicci (sic) Holland, ibid,\ 
Bergey et al., Manual, Ist ed., 1923, 43.) 
From Latin, sicca, dry. 

Spheres: 0.6 to 0.8 micron in diameter, 
occurring singly and in pairs with ad¬ 
jacent sides flattened. Gram-negative. 


Blood agar colonies: Grayish, somewhat 
dry, crumbling when an effort is made to 
remove them. 

Ascitic agar colonies: Small, very Arm 
and adherent to medium, becoming cor¬ 
rugated on the surface. 

The organisms precipitate spontaneous¬ 
ly when suspended in normal salt solu¬ 
tion. 

Acid from glucose, fructose, maltose 
and sucrose. No acid from mannitol. 

Optimum temperature 37°C. Grows 
at 22®C. 

Aerobic, facultative. 

Source: Nasopharynx, saliva and spu¬ 
tum. 

Habitat: Mucous membrane of the 
respiratory tract of man. 

5. Neisseria perflava Bergey et al. 
(Chromogenic group I, Elser and Hun- 
(fcon, Jour. Med. Res.,20 (N. S. 16), 1909, 
415; Bergey et al.. Manual, 1st cd., 1923, 
43.) From Latin per, very and flatus, 
yellow. 

Spheres: 0.6 to 0.8 micron, occurring 
singly and in pairs with adjacent sides 
flattened. Gram-negative. 

Glucose agar colonies: Small, circular, 
slightly raised, greenish-gray by reflected 
light, and greenish-yellow and semi¬ 
opaque by transmitted light. The sur¬ 
face is smooth, glistening. The growth 
is adherent to the medium. Chromo¬ 
genesis best seen on Loffler’s blood serum 
medium. 

Ascitic agar colonies: Like those on 
glucose agar. 

Acid from glucose, maltose, fructose, 
sucrose and mannitol. 

Optimum temperature 37®C. Grows 
at22®C. 

Aerobic, facultative. 

Source: Nasopharynx, saliva and spu¬ 
tum. 

Habitat: Mucous membrane of respira¬ 
tory tract of man. 

6. Neisseria flava Bergey etal. {Dip¬ 
lococcus pharyngis flatus I and possibly 
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Diplococcua pharyngia flavua II, von 
Lingelsheitn, Klin. Jahrb., 16, 1906, 409; 
Diplococcua flavua I and {possibly Diplo¬ 
coccua flavua II, V. Lingelsheini, Zeitschr. 

Wyg., 69, 1908, 476; Micrococcua 
pharyngia flavua I and possibly Micro¬ 
coccua pharyngia flavua II, Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., iS, 1927, 
259; Chromogenic group II, Elser and 
Huntoon, Jour. Med. Res., 20 (N. S. 16), 
1909, 415; Bergey et al.. Manual, Ist ed., 
1923, 43.) From flavua, yellow. 

Spheres; 0.5 to 0.8 micron, occurring 
singly and in pairs with adjacent sides 
flattened. Gram-negative. 

Glucose agar colonies: Small, circular, 
slightly raised, greenish-gray by reflected 
light and greenish-yellow by transmitted 
light. Growth not adherent to medium. 
Surface colony is smooth with numerous, 
rather coarse crumbs in center. Margin 
entire, or rarely slightly irregular. 
Chromogenesis best seen on Loffler^s 
blood serum medium. 

Ascitic agar colonies: Like those on 
glucose agar. 

Acid from glucose, fructose and 
maltose. No acid from sucrose or man¬ 
nitol. 

Optimum temperature 37°C. Grows 
at22"C. 

Source: Nasopharynx, ccrebro-spinal 
fluid in cases of meningitis (very rare). 

Habitat: Mucous membrane of respira¬ 
tory tract. 

7. Neisseria subflava Bergey et al. 
(Chromogenic group III, Elser and 
Huntoon, Jour. Med. Research, 20 (N.S. 
16), 1909, 415; Bergey et al.. Manual, 1st 
ed., 1923, 44.) From I^atin aub, less and 
flavua, yellow. 

Spheres: 0.6 to 0.8 micron, occurring 
singly and in pairs with adjacent sides 
flattened. Gram-negative. 

Glucose agar colonics: Small, slightly 
raised, pale greenish-yellow, especially 
on primary culture. 

Acid from glucose and maltose. No 
acid from fructose, sucrose or mannitol. 


Agglutinates in normal rabbit serum. 

Optimum temperature 37®C. Little 
or no growth at 22®C. 

Aerobic, facultative. 

Easily confused with Neisseria menr 
ingilidia. 

Source: Nasopliarynx. 

Habitat: Mucous membrane of the 
respiratory tract of man. 

8. Neisseria flavescens Branham. 
(U. S. Public Health Service, Pub. 
Health Repts., 46, 1930, 845.) From 
I^atin flaveacena, becoming yellow. 

Biscuit-shaped cocci occurring in. flat¬ 
tened pairs. Giant forms common. 
Gram-negative. 

Glucose agar: Poor growth. 

Blood agar: Good growth, colonies less 
moist than those of the meningococcus. 
Golden yellow pigment. Greenish-yel¬ 
low on Loffler’s blood serum medium. 

Semisolid agar: Good growth. 

No acid from any of the carbohydrates. 

Optimum temperature 37°C. 

Aerobic, facultative. 

Serologically homogeneous group. 

Source; Cerebro-spinal fluid in cases 
of meningitis. 

Habitat: Probably mucous membrane 
of respiratory tract of man. 

Note: Wilson and Smith (Jour. Path, 
and Bact., SI, 1928, 597) do not regard 
differences in sugar fermentations, 
chromogenesis, appearance of colonies, 
etc. sufficiently constant to warrant the 
separation of the species Neiaaeria caiar* 
rhalia, N. flava, N. cinerea, N. mucosa 
and iV. aicca. They recommend that all 
be grouped under a single species known 
as Neiaaeria pharyngia {Diplococcua 
pharyngia). 

9. Neisseria discoides Pr5vot. (Ann. 
Sci. Nat., S6r. Bot., 16, 1933, 106.) 
From Greek, diacoeides, discus shaped 
Latinadj., disk-shaped. 

Spheres: 0.6 to 0.7 micron, occurring 
in pairs or tetrads. Gram-negative. 
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Gelatin: No liquefaction. 

Deep agar colonies: Lenticular, up to 
1 mm in diameter. Grows in a narrow 
disk about 1 cm below the surface. Gas 
produced. 

Broth: Turbid. Fine granular precipi¬ 
tate. Slight rancid odor and inflam¬ 
mable, explosive gas produced. 

Peptone water: Gas produced. 

Indole not formed. 

No action on milk. 

Coagulated proteins not digested. 

Carbohydrates not attacked. 

Hydrogen sulfide not produced. 

Neutral red glucose broth: Becomes 
pink, but no further change. 

Optimum pH 7.0 to 8.0. 

Temperature relations: Optimum 37®(\ 
No growth at 28°C. Killed in half an 
hour at 60®C. 

Non-pathogenic. 

Strict anaerobe. 

Distinctive characters: Colonics grow 
in narrow zone 1 cm below the surface 
of an agar stab; gas produced from pep¬ 
tones. 

Source: Isolated from bronchial mucus, 
respiratory system; dental and tonsillary 
focal infections. 

Habitat: Buccal cavity (human) and 
probably also in other warm-blooded 
animals. 

10. Neisseria reniformis (Cottet) Pr6- 
vot. (Diplococcus reniformis Cottet-, 
Compt. rend. Soc. Biol., 62, 1900, 421; 
Micrococcus reniformis Oliver and Wher¬ 
ry, Jour. Inf. Dis., 28, 1921,341; Pr6vot, 
Ann. Sci. Nat., S4r. ^t., 16, 1933,102.) 
From Latin, ren (renes), kidney;-/ormis, 
form, i.e. kidney-shaped. 

Spheres :0.8 to 1.0 micron, bean-shaped, 
occurring in pairs. Gram-negative. 

Gelatin: No liquefaction. 

Deep agar colonies: Appear in 24 to 48 
hours; at first punctiform, then lenti¬ 
cular; small, 0.3 to 0.5 mm. No gas 
produced. 

Agar slant: Minute, bluish-white, dew- 
drop colonies. 


Broth: Turbid in 24 hours; ilocculcnt 
precipitate rapidly formed, clearing the 
medium. No gas produced, but a rancid 
odor is present. 

Peptone water: Very meagre growth. 
Traces of indole. 

Milk: Unchanged. 

Coagulated proteins not digested. 

Slight amount of acid from glucose by 
one strain only. 

Optimum pH 7.0. Limits of pH 6.0 
to 8.0. 

Temperature relations: Optimum 37®C. 
No growth at 22®C. Killed in half an 
hour at 60°C. or in an hour at 56®C. 

Pathogenic. 

Strict anaerobe. 

Distinctive character: Odor of rancid 
butter. 

Source: Isolated in several cases from 
suppurations of the urino-genital system. 

Habitat: Presumably in bodies of 
\\arm-blooded animals. 

11. Neisseria orbiculataPr6vot. (Dip- 
lococcus orbiculus Tissier, Ann. Inst. 
Past., 22, 1908, 204; Pr^vot, Ann. Sci. 
Nat., S6r. Bot., 16, 1933, 109.) From 
I.atin, orbiculatus, having the form of 
an orb or sphere. 

Spheres: 1.6 to 2.0 microns, occurring 
in pairs. Gram-negative. 

Gelatin: No growth at 22®C. 

Deep agar colonies: After 36 to 48 hours, 
large, lenticular, very regular, whitish, 
almost transparent. Gas not produced. 

Broth: Turbid. Sediment. 

Milk: No coagulation. 

Egg white not attacked. 

Proteoses attacked without formation 
of indole. 

Acid from glucose. Acid produced 
feebly from lactose. No acid from su¬ 
crose. 

Temperature relations: Optimum 37®C. 
No growth at 22®C. Killed at 60®C. 

Non-pathogenic. 

Strict anaerobe. 

Diitinctive characters: Large aiie; du 
gas production. 
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Source: Isolated from feces of young 
children. 

Habitat: Intestinal canal. Not com¬ 
mon. 

Appendix I: Additional species have 
been placed in this genus as given below. 
Some are undoubtedly identical with 
previously described species, while some 
may belong in other genera. 

DiplococctLs crassua von Lingelsheim. 
(Diplococcua intracellularia Jaeger, 
Ztsch. f. Hyg., 19f 1893, 353; Tetracoccua 
intracellularia, ibid,, 318; von Lingels¬ 
heim, Ztschr. f, Hyg., 69, 1908, 467; 
Micrococcua crassua Lehmann and Neu¬ 
mann, Bakt. Diag., 7 Aufl., 9, 1927, 
259.) Commonly found in nasopharyn¬ 
geal secretions, also in the cerebrospinal 
fluid of suspected cases of meningitis. 
Also known as Jaeger’s coccus or as 
Jaegersher Modi6kation der Meningo¬ 
coccus. 

Diplococcua mucosus von Lingelsheim. 
(von Lingelsheim, Klin. Jahrb., 16, 1906, 
373, and Ztschr. f. Hyg., 69, 1908, 457; 
Neiaseria mucosa Murray, in Manual, 5th 
ed., 1939, 283; not Streptococcus mucoaus 
Howard and Perkins, Jour. Med. Res., 
6, (N.S. 1), 1901, 174; not Pneumococcua 
mucosus Park and Williams, Jour. Exp. 
Med., 7, 1905, 411.) From nasal secre¬ 
tions . This Gram-negative coccus is said 
to show similarity to the meningococcus 
and to be like the diplococcus found by 
Weichselbaum and Ghon (Weiner Klin. 
Wchnschr., No. 24, 1905) in nasal secre¬ 
tions of a healthy person. Clearly it is 
different from the Gram-positive, mu¬ 
coid type of pneumococcus which is de¬ 
scribed by Binaghi (Cent. f. Bakt., I 
Abt., 22, 1897, 273), Howard and Perkins 
(Jour. Med. Res., 6, 1901, 174), Park and 
Williams (Jour. Exp. Med., 7, 1905, 411) 
and others. 

Micrococcua pharyngia cinereua von 
Lingelsheim. (Klin. Jahrb., 16, 1906, 
373: Micrococcua cinereua v. Lingelsheim, 
Ztschr. f. Hyg., 69, 1908, 456; Neisseria 
einerea Murray, in Manual, 5th ed., 1939, 


283.) From mucous membrane of nose 
and throat. 

Neisseria arthritica (Costa) Hauduroy 
et al. {Micrococcua arthritica Costa, 
Comp, rend. S6c. Biol., Paris, 86, 1920, 
933; Hauduroy, Ehringer, Urbain, Guil- 
lot and Magrou, Dictionnaire des Bac- 
t6ries Pathog5nes, Paris, 1937, 296.) 
Isolated from a case of human arthritis. 

Neisseria edigtoni (sic) Trevisan. 
{Diplococcua acarlaiinae sanguinis Jamie¬ 
son and Edington, Brit. Med. Jour., 1, 
1887, 1265; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 32.) From a 
scarlet fever patient. 

Neiaseria fulva De Bord. (Jour. Bact., 
S8, 1939,119; Iowa State Coll. Jour. Sci., 
16, 1942, 471.) From conjunctivitis 
and vaginitis. 

Neisseria gibbonsi Hauduroy et al. 
(Gram-negative coccus, Gibbons, Jour. 
Inf. Dis., i6, 1929, 289; Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 300.) Iso¬ 
lated from skin abscesses in rabbits and 
guinea pigs. 

Neisseria gigantea De Bord. (Jour. 
Bact., S8, 1939, 119; Iowa State Coll. 
Jour. Sci., 16, 1942,472.) From a normal 
vagina. 

Neisseria luciliarum Brown. (Amer. 
Mus. Novit., No. 251,1927,3.) A motile, 
Gram-negative diplococcus that prob¬ 
ably should be placed in the genus Aft- 
crococcus. • From a dead fly, Lucilia 
aericata killed by Bacillus lutzae, 

Neiaseria pseudocatarrhalia Huntoon. 
(Jour. Bact., 27, 1934, 108.) Like Neis¬ 
seria catarrkalis, show^s no action on 
carbohydrates but is culturally more like 
Neisseria meningitidis and forms homo¬ 
geneous suspensions in a salt solution. 
From nasopharynx. 

Neisseria rebellis Trevisan. (Micro¬ 
coccus in Trachoma folliculare, Kuchark- 
sky, 1887; Trevisan, I generi e le specie 
delle Batteriacee, Milan, 1889, 32.) 
From trachoma. 

Neisseria venezuelensis Hauduroy et 
al. (Rigues, Gaceta Med. de Caracas, 
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June 30,1935; Pedro del Ck)rral, Rev. de Path., 1937, 308.) Found in localized 
Med. y Cir. de la ClinicaMacacay, April, epidemics of cerebrospinal meningitis 
1935; Hauduroy et al.. Diet. d. Bact. in Venezuela. 

Genus II. Veillonella Prtvoi.* 

(Ann. Sci. Nat., S6r. Bot., 15, 1933, 118.) Named for A. Veillon, the French 
bacteriologist, who isolated the type species. 

Small, Gram<negative cocci averaging 0.3 micron. Occur in masses, rarely in pairs 
or short chains. Cells undifferentiated. United by an interstitial substance of 
ectoplasmic nature. The known species are anaerobic. Good growth on standard 
culture media. Biochemical activity pronounced. Harmless parasites in mouth and 
intestine of man and animals. 

The type species is Veillonella parvula (Veillon and Zuber) Pr6vot. 


Key to the species of genus Veillonella. 

I. Acid and gas from glucose. Weakly hemolytic. 

1. Veillonella parvula. 

II. Carbohydrates not attacked. Gas produced from peptone broth. Non¬ 
hemolytic. 


1. Veillonella parvula (Veillon and 
Zuber) Pr4vot. {Staphylococcus parvu- 
lus Veillon and Zuber, Arch. m(5d. E.Kp., 
1898, 512; Micrococcus parvulus Bergey 
et al., Manual, 3rd ed., 1930, 92; Prdvot, 
Ann. Sci. Nat., S5r. Bot., 16, 1933, 119.) 
From Latin, parvulus, very small. 

Description from Pr^vot {loc. cit.). 

Very small spheres: 0.2 to 0.4 micron, 
occurring in masses, occasionally in very 
short chains. Gram-negative. 

Gelatin: No liquefaction. 

Semisolid agar (Veillon) colonies: At 
first punctiform, becoming lenticular, 
reaching a diameter of 2 mm. Gas bub¬ 
bles. 

Blood agar colonies: Usually surround¬ 
ed by a clear halo; weakly hemolytic. 

Agar slant: Transparent, bluish, min¬ 
ute colonies. 

Peptone broth: Turbid with fine sedi¬ 
ment. 

Glucose broth: Turbid. Faintly fetid 
odor. Gas produced contains COs, Ht 
and HfS. 

Broth serum Very abundant, rapid 
growth. 


2. Veillonella gazogenes. 

Milk: No acid. Not coagulated. 
Some strains produce gas. 

Small amount of indole formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose. Slight 
amount of acid from fructose, galactose 
and sucrose. Some strains feebly attack 
mannitol, maltose and inulin. 

Coagulated protein not attacked. 

Ammonia not produced. 

Hydrogen sulfide produced. 

Optimum pH 6.5 to 8.0. 

Temperature relations: Optimum 37®C. 
Grows feebly at 22®C. Killed in one 
hour at 55®C. 

Strict anaerobe. 

Distinctive characters: Fermentation 
of polypeptids to produce hydrogen, 
carbon dioxide, hydrogen sulfide and 
indole; fermentation of sugars; hemoly¬ 
sis of blood; production of nitrites from 
nitrates. 

Source: Isolated by Veillon and Zuber 
from appendices, buccal cavities and 
lungs. Of the 13 strains studied by 
Pr5vot, 3 were isolated from pulmonary 
gangrene, one from an appendix, one 


• Revised by Prof. E. G. D. Murray, McGill University, Montreal, P. Q., Can¬ 
ada, June, 1938. Descriptions reviewed by Dr. Ivan C. Hall, New York City, Jan¬ 
uary, 1944. 
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from alveolar pyorrhea» 5 from amniotic 
fluid, 2 from abscesses and pulmonary 
congestion and one from the buccal 
cavity of a normal rabbit. Found in 
suppurative lesions or pus. It may oc¬ 
casionally be pathogenic and invade the 
tissues, causing suppurations, alone or 
in association with other pyogenic or¬ 
ganisms. 

Habitat: Normally a harmless parasite 
found in natural cavities of man and 
animals, especially the mouth and digest¬ 
ive tract. 

la. Veillonella parvula var. minima 
Pr6vot. (Staphylococcus minimus Gio- 
elliy Boll. R. Accad. Med. di Genova, 
1907; Abst. in Cent. f. Bakt., I Abt., 
Ref., 1908-09, 595; Micrococcus mini¬ 
mus Bergey et al.. Manual, Ist ed., 1923, 
69; Pr5vot, Ann. Sci. Nat., S5r. Bot., 
16, 1933, 125.) From I^tin, minimus, 
smallest. 

Differs from Veillonella parvula only 
in its slightly smaller size (0.2 to 0.3 mi¬ 
cron). Growth only at 37®C. No growth 
ongelatin. Growthonthewallof the cul¬ 
ture tube in fine flakes, not clouding the 
medium, and no plasmolysis in a 5 per 
cent salt solution. 

Source; Isolated from a periuterine 
abscess. 

lb. Veillonella parvula var. branhamii 
Pr6vot. (Anaerobic micrococcus, Bran¬ 
ham, Jour. Inf. Dis., 41, 1927, 203; ibid., 

1928, 230; Micrococcus branhamii 
Bergey et al., Manual, 3rd ed., 1930, 92; 
Pr6vot, Ann. Sci. Nat., S5r. Bot., 16, 
1933, 126.) Named for Dr. Sara E. 
Branham, of the National Institute of 
Health, Washington, D. C. 

Serologically distinct from Veillonella 
parvula. One strain liquefied gelatin 
slowly. 

Source: Isolated from nasal washings 
in two cases of influenza. 

l c. Veillonella parvula var. thomsonii 
Pr6vot. (Anaerobic diplococcus, Thom¬ 
son, Jour. Trop. Med. and Hyg., 26, 1923, 


227 and Ann. Pickett-Thomson Res. 
Ub., /, 1924-26, 105 and 164; Pr6vot, 
Ann. Sci. Nat., S5r. Bot., 16, 1933, 126; 
Micrococcus thomsoni Hauduroy et al., 
Diet. d. Bact. Parth., 1937, 283.) Named 
for Dr. David Thomson of London, 
England. 

Differs but slightly from Veillonella 
parvula in that it requires some accessory 
factor of growth found in serum or similar 
body fluids, testicular agar and the like. 

Source; Found in the throat in measles 
and scarlet fever. 

2. Veillonella gazogenes (Hall and 
Howitt) Murray. (Micrococcus gazo¬ 
genes alcalescens anaerobius Lewkowicz, 
Arch. M5d. Exp., IS, 1901, 633; Micro¬ 
coccus gazogenes Hall and Howitt, 
Jour Inf. Dis., 57, 1925, 112; not Micro¬ 
coccus gazogenes Chouk5vifch, Ann. 
Inst. Pasteur, 26, 1911, 356; Veillonella 
alcalescens Pr5vot, Ann. Sci. Nat., S5r. 
Bot., 16, 1933, 127; Micrococcus alca¬ 
lescens Hauduroy et al.. Diet. d. Bact. 
Path., 1937 , 274; Murray, in Manual, 
5th ed., 1939,287.) From Latin, the gas- 
producing Veillonella. 

The species name gazogenes as given by 
Hall and Howitt is well established in the 
literature for this organism. It is valid 
under the rules when the organism is 
placed in a new' genus (Veillonella) in 
spite of the earlier use of Micrococcus 
gazogenes by Chouk6vitch for a different 
organism. 

Spheres: 0.3 to 0.7 micron, average 0.4 
micron, occurring in irregular masses, 
rarely in pairs, short chains or singly. 
Gram-negative. 

Gelatin: No liquefaction. 

Deep agar colonies: At first punctiform, 
becoming lenticular. Gas bubbles ap¬ 
pear after 16 to 18 hours. 

Blood agar plate: Minute colonies. 
Non-hemolytic. Several strains show 
greenish colonies. 

Peptone broth: Gas produced. Broth 
becomes slightly alkaline. 

Indole not formed. 
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Milk: Gas, but no acid. No co¬ 
agulation. 

Ammonia and hydrogen produced in 
small amounts. 

£!gg-white and coagulated serum not 
attacked. 

Hydrogen sulfide not produced. 

Carbohydrates not attacked. 

Nitrites not produced from nitrates. 

Slowly plasmolysed in 5 per cent NaCl 
solution. 

Optimum pH 6.0 to 8.0. Will grow in 
broth of pH 5.5. 

Temperature relations: Optimum 37®C. 
Some strains grow at 22°C» Killed at 
56^0 in one hour, or at 65''C in a half 
Qour, or at 80^0 in 10 minutes. 

Non-pathogenic (Lewkowicz’s strains). 
Iwo strains (Pr6vot) pathogenic for 
rabbits. 

Strict anaerobe. 

Distinctive characters: Differs from 
VeUUmdla parvula in that it does not 
ferment sugars, does not produce HsS 
nor indole, is not hemolytic, does not 
produce nitrites from nitrates, and does 
not develop fetid odors. 

Source: Isolated (Lewkowicz) from 
mouth of a healthy infant. Twenty-four 
strains (Hall and Howitt) from human 
saliva. Fifteen strains (Pr^vot) one 
from alveolar pyorrhea, one from pul¬ 
monary gangrene, 5 from tonsils, one from 
appendix, 2 from measles, 3 from scarlet 
fever, and 2 from normal guinea pigs and 
rabbits. 

Habitat: Prevalent in saliva of man 
and animals. 

2a. Veillondla gazogenes var. gingivcUia 
Murray. (Kleiner Micrococcus, Ozaki, 
Cent. f. Bakt., I Abt., Orig., 6^, 1912, 
83; Mierocoeeus gingivalis Bergey et al., 
M^ual, 1st ed., 1923, 69; Veillonella 
akalezcena var. gingivali$ Pr6vot, Ann. 
Sci. Nat., S6r. Bot., IS, 1933,133; Murray 
in Manual, 5th ed., 1939, 288.) From 
Latin, pertaining to the gums. 


Differs from Veillonella gazogenes by its 
ability to grow at 22'’C, and by the fact 
that glucose favors its growth although 
this carbohydrate is not fermented. 

Source; Oral cavity and (Pr6vot) two 
strains from the intestine. 

2b. Veillonella gazogenes var. minuiis- 
sima Murray. {Micrococcus minutissi- 
mus Oliver and Wherry, Jour. Inf. Dis., 
28, 1921, 342; Veillonella alcalescens var. 
minutissima Pr6vot, Ann. Sci. Nat., 
S6r. Bot., 15, J933, 134; Murray, in 
Manual, 5th ed., 1939, 288.) From 
Ijatin, very tiny. 

Differs from Veillonella gazogenes 
only in that the usual carbohydrates 
favor growth and that the gas formed is 
not absorbed by sodium hydroxide and 
is not inflammable. 

Non-pathogenic for rabbits, guinea pigs 
or white mice (Oliver and Wherry). 

Source: Two strains isolated from a 
mixed infection in aphthous ulcers of the 
gingival and buccal mucosa of a case of 
postpoliomyelitic paralysis. 

2c. Veillondla gazogenes var. syzygios 
Murray. {Syzygiococcus scarlatinae Ilerz- 
berg. Cent. f. Bakt., I Abt., Ref., 90, 
1928 , 575; Micrococcus syzygios scarlati¬ 
nae Herzberg, Cent. f. Bakt., I Abt., 
Orig., Ill, 1929,373; Micrococcus syzygios 
Bergey et al.. Manual, 3rd ed., 1930, 92; 
Veillonella alcalescens var. syzygios Pr6- 
vot, Ann. Sci. Nat., S6r. Bot., 15, 1933, 
134; Murray, in Manual, 5th ed., 1939, 
288.) From Latin, yoked. 

Differs from Veillonella gazogenes only 
by its ability to grow under an atmos¬ 
pheric pressure of 4 cm mercury, with the 
formation of HjS in small amounts by 
some strains, and the production of 
nitrites from nitrates. 

Source: Found by Herzberg in 30 per 
cent of normal mouths and in 100 per cent 
of saliva from scarlet fever patients. 
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FAMILY VII. LACTOBACTERIACEAE ORLA-JENSEN. 

(Orla-Jensen, Jour. Bact., 1921,271; Streptobacteriaceac Borgoy, Breed and 
Murray, Preprint, Manual, 5th ed., 1938, 71.) 

Long or short rods, or cocci which divide like rods in*<»nc plane only, producing 
chains, but never tetrads or packets. Non-motile except for certain cultures of 
streptococci. Gram-positive. Pigment production is rare; a few species form a 
yellow, orange, red or rusty brown pigment. Surface growth on all media is poor or 
absent. Some species are strictly anaerobic. CarlH)hydrates are essential for good 
development; they arc fermented to lactic acid, .sometimes m ith volatile acids, alcohol 
and CO 2 as by-products (except for the non-fermenting Diploroccus magmut). Gela¬ 
tin is very rarely liquefied. Nitrate is not reduced to nitrite. Found regularly 
in the mouth and intestinal tract of man and other animals, dairy products, (er^ 
menting vegetable juices. A few are highly pathogenic. 

Key to the tribes of family Lactobacteriaceae. 

I. Cocci occurring singly, in pairs and in chains. 

Tril>e I. Streptococrcae. p. 305. 

II. Rods occurring singly, in pains and in chains. Individual cells may be very 

long or even filamentous. 

Tribe II. Lactobacilleac, p. 349. 

TRIBK I. STUKPTO(’OCCE.\K TREVISAX. 

(I generi e le specie delle Batteriacee, 1889, 29.) 

Cells spherical or elongate, dividing in one plane only, u.sually occurring in pairs or 
chains. A few species are strict anaerobes; none grow abundantly on solid media. 
Carbohydrates and polyalcohols are changed either by homofermentation to lactic 
acid or by heterofermentatiori to lactic and acetic acids, alcohol and carbon dioxide. 
Some pathogenic species grow jXKjrly without blood serum or other enrichment fluids. 
Catalase negative. 

Key to the genera of tribe Streptococceae. 

I. Parasites, growing jXHirly on artificial media. Cells usually in pairs, often 
elongated. .Vnaerobic s|)ccies rarely in tetrads or small clumps. 

Genus I. DiplococcuSj p. 305. 

II. I’arasites and .siiprophytes. Normally forming short or long chains. Fer¬ 

ment glucose to lactic acid with practically no other acids or CO*. 

Genus II. Streptococcus, p. 312. 

III. Sapmphytes. Form chains of cocci to short rods in plant juices and milk. 

Ferment glucose with the production of CO>, lactic acid, acetic acid and 
ethyl alcohol. Mannitol is formed from fructose. 

Genus III. Leuconostoc, p. 346. 

Genus /. Diplococcus Weichsclbaum.* 

(Weichselbaum, Wiener med. Jahrb., 8;?, 1886,483; Hyalococcus Schroeter, in Cohn, 
Kryptogamen Flora v. Schlesicn, 1886, 152; Pscudodiplococcus Bonome,Cent. f. Bakt., 

* Revised by Prof. E. G. D. Murray, McGill University, Montreal, Canada, Sep¬ 
tember, 1938; anaerobic section adapted from papers by Dr. A. R. Pr^vot, Institut 
Pasteur, Paris, Franco, 1938; further revision by Lt. Col. Elliott S. Robinson, M.C., 
Washington, D. C., January, 1944. 
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$, 1888, 321; ? Pneumococcus Schmidlechner, Ztschr. f. Geburtshilfe u. Gynakol., 66, 
1905, 291; not Pneumococcus Arloing, Compt. rend. Acad. Sci., Paris, 109, 1889, 430; 
MogcUlia Enderlein, Sitzb. Gesell. Naturf. Freunde, Berlin, 1917, 309.) From Greek 
diplooa, double; kokkos, a grain or berry; M. L., a sphere. 

Cells usually in pairs, sometimes in chains or more rarely in tetrads or small clumps. 
Young cells Gram-positive. Parasites sometimes growing poorly or not at all on 
artificial media. Fermentative powers usually high, most strains forming acid from 
glucose, lactose, sucrose and inulin. The aerobic species are bile soluble while the 
anaerobic species are not bile soluble. 

The relationships of the strictly anaerobic diplococci placed in this genus by Pr6vot 
(Ann. Sci. Nat., S4r. Bot., 15, 1933, 140) to pneumococci are not yet entirely clear. 
The anaerobic species are included here in the hope that this arrangement will stimu¬ 
late research. 

The type species is Diplococcus pneumoniae Weichselbaum. 

Key to the species of genus Diplococcus. 

I. Aerobic, facultative. Bile soluble. 

1. Diplococcus pneumoniae. 

II. Strictly anaerobic. Not bile soluble. 

A. Greater than 1 micron in diameter. 

1. Carbohydrates not attacked. 

2. Diplococcus maynus. 

B. Not greater than 1 micron in diameter. 

1. Acid from glucose and lactose. 

a. Capsulated. Pathogenic. 

3. Diplococcus paleopneumoniae. 
aa. Not capsulated. Non-pathogenic. 

4. Diplococcus plagarum-belli. 

2. Acid from glucose, not from lactose. 

a. Grows on ordinary culture media. Non-pathogenic. 

5. Diplococcus constellatus. 

aa. No growth on ordinary culture media. Pathogenic. 

6. Diplococcus morbillorum. 


1. Diplococcus pneumoniae Weichsel¬ 
baum. (Microbe septic^mique du salive, 
Pasteur, Chamberland and Roux, Compt. 
rend. Acad. Sci., Paris, 92, 1881, 159; 
Micrococcus of rabbit septicemia, Stern¬ 
berg, National Board of Health Bull., 
Washington, f, 1881,781; Coccus lanc^ol6, 
Talamon, Communication k la Soci6t6 
anatom, de Paris, *58, 1883, 475; Micro¬ 
coccus pyogenes tenuis Rosenbach, 
Mikrooiganismen bei den Wundinfek- 
tionskrankheiten des Menschen, 1884,30 
(see Neumann, Cent. f. Bakt., 7, 1890, 
177); Micrococcus pasteuri Sternberg, 
Trans. Pathol. Soc. of Philadelphia, IB, 
1886, 182 (not Micrococcus pasteuri 


Trevisan, I gencri e le specie delle 
Batteriacee, 1889, 34); Weichselbaum, 
Wiener med. Jahrb., 82, 1886, 485; Pneu- 
moniemikrococcus or Pneumococcus, 
Frankel, Ztschr. f. klin. Modizin, 10, 
1886, 402; Bacillus seplicua sputigenus 
Fltigge, Die Mikroorganismen, 2 Aufl., 
1886, 262; Bacillus salivarius septicus 
Biondi, Ztschr. f. Hyg., 2,1887,195; Diplo¬ 
coccus lanceolatua sive capsulatus Fo^ and 
Bordoni-Uffreduzzi, Archivio per le Sci. 
Med., 11, 1887, 387; Streptococcus 
lanceolatus pasteuri Gamal5ia, Ann. Inst. 
Past., B, 1888, 442; Streptococcus lanceo¬ 
latus Gamal5ia, ibid., 443; Klebsiella 
salivaris Trevisan, I generi e le specie 



FAMILY LACTOBACTBRIACEAE 


307 


delle Batteriacee, 1889, 26; Micrococcus 
roaeribachii Trevisan, ibid,, 33; Micro- 
coccus pyogenes-tenuis De Toni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8, 1889, 1031; Micrococcus pneumoniae 
crouposae Sternberg, Cent. f. Bakt., 12, 
1892, 53; Diplococcus lanceolaius capsu^ 
laius Kruse and Pansini, Ztschr. f. Hyg., 
11, 1892, 335; Diplococcus lanceolaius 
incorrectly ascribed to Frankel by 
Binaghi, Cent. f. Bakt., I Abt., 22, 1897, 
278; Micrococcus tenuis Migula, Syst. d. 
Bakt., 2, 1900, 193; Bacterium pneu¬ 
moniae Migula, ibid., 347; Bacterium 
salivarium Migula, ibid., 379; Strepto¬ 
coccus pneumoniae Chester, Man. 
Determ. Bact., 1901, 63; Micrococcus 
lanceolaius Longcope, Jour. Med. Res., 
7 (N.S. 2), 1902, 220; Pneumococcus 
lanceolaius Schmidlechner, Ztschr. f. 
Geburtshilfe u. Gynakologie, 66, 1905, 
291; Pneumococcus pneumoniae Fried, 
Jour. Exp. Med., 67, 1933, 111.) From 
Greek pneumonia, inflammation of the 
lungs. 

Monas pulmonale Klebs (Arch. f. 
exper. Path. u. Pharmakol., 4, 1875, 472) 
is inadequately described by Klebs and 
ought not to be regarded as identical 
with Weichselbaum’s organism. 

Common name: Pneumococcus. 

The organisms occur as oval or spherical 
forms typically in pairs, occasionally 
singly or in short chains, 0.5 to 1.25 
microns. The distal ends of each pair 
of organisms tend tp be pointed or lancet* 
shaped. Encapsulated. Non-motile. 
Young cells. Gram-positive. 

Gelatin stab: Filiform or beaded 
growth. No liquefaction. 

Infusion agar colonies: Small, trans¬ 
parent, grayish, with entire margin. 
Elevation high convex, glistening, mucoid 
to watery. 

On blood agar, the colonics are elevated 
at the center with concentric elevations 
and depressions. Hemolysis usually 
slight but often marked in anaerobic 


culture; methemaglobin formation with 
green zone around colony. 

Beef heart infusion broth: Uniform 
turbidity with variable amount of 
sediment. 

Addition of glucose, serum, whole 
blood or ascitic fluid enhances growth. 

Meat extract media: Growth irregular, 
usually poor if any. 

Inulin serum water: Usually acid with 
coagulation. 

Litmus milk: Usually acid with 
coagulation. 

Potato: No growth. 

Whole bile or 10 per cent solutions of 
sodium taurocholate or sodium glyco* 
cholate added to actively growing broth 
cultures will dissolve the organisms. It 
is customary to use from 0.1 to 0.5 ml of 
bile for each 0.5 ml of culture. 

Aerobic, facultative. 

Optimum temperature 37®C. Usually 
no growth at 18° to 22°C. 

Optimum initial pH 7.8. 

Source: Sputum, blood and exudates in 
pneumonia; cerebrospinal fluid in menin¬ 
gitis; mastoiditis; otitis media; peri¬ 
tonitis; empyema; pericarditis; endo¬ 
carditis; arthritis; saliva and secretions 
of respiratory tract in normal persons. 
Commonest cause of lobar pneumonia. 

Habitat: The respiratory tract of man 
and animals. 

At present, thirty-one types of Diplo¬ 
coccus pnfiumoniae are recognized on the 
basis of serological reactions, chiefly the 
Neufeld “Quellung** phenomenon as in¬ 
duced by type-specific inmiune rabbit 
serums. Following the description of 
Pneumococcus 1 by Neufeld and Handel 
(Arb. a. d. k. Gesundheitsamte, 84, 1910, 
293), Dochez and Gillespie (Jour. Amer. 
Med. Assoc., 61, 1913, 727) divided the 
species into Types 1, 2, 3 and a heterog¬ 
enous group 4; Cooper, Edwards and 
Hosenstein (Jour. Exp. Med., 4^, 1929, 
461) separated Types 4 to 13 from the 
strains previously designated as group 4 , 
and later Cooper, Rosenstein, Walter and 
Peiser (Jour. Exp. Med., 55, 1932, 531) 
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continued the classification to Type 32. 
Due to marked cross-reactions, it was 
subsequently decided that Type 6 was 
identical with Type 26, and that Types 
15 and 30 were identical. This resulted 
in the deletion of the Cooper Types 26 
and 30, thus leaving thirty of the original 
thirty-two types. Type 33 (Wilder) has 
been descHbed by Walter, Blount, Beat- 
tie and Cotier (Jour. Inf. Dis., 66, 1940, 
181) as a distinct type; sufficient recogni¬ 
tion has been accorded to justify the 
acceptance of this type, thereby making 
a total of thirty-one types of the species. 
In a still more recent publication, Wal¬ 
ter, Guevin, Beattie, Cotier and Bucca 
(Jour. Immunol., 1941, 279) recom¬ 
mend the addition of nine new types and 
eight subtypes. These, together with 
new strains reported by Kauffmann, 
March and Schmith (Jour. Immunol., 
58, 1940, 397), if eventually recognized, 
would make a total of fifty-five types. 
Eddy still more recently, taking into 
account all known types, raises the num¬ 
ber of recognized types to seventy five 
(U. S. Public Health Repts., 59, 1944, 
448-468). 

Note 1. Streptococcus mucosus How¬ 
ard and Perkins. (Howard and Perkins, 
Jour. Med. Res., 6 (N.S. 1), 1901, 174; 
Diplococcus capsulatus incorrectly at¬ 
tributed to Frankel by Binaghi, Cent. f. 
Bakt., I Abt., 55,1897,273; Streptococcus 
mucosus SchottmOller, Munch, med. 
Wchnschr., 60, 1903, 909; Streptococcus 
lanceolatus var. mucosus Park and Wil¬ 
liams, Diplococcus lanceolatus var. mu¬ 
cosus Park and Williams, Diplococcus 
mucosus Park and Williams, Pneumo¬ 
coccus mucosus Park and Williams, 
Jour. Exp. Med., 7, 1906, 411; Strepto¬ 
coccus mucosus capsulatus Buerger, Cent, 
f. Bakt., I Abt., 4t, 1906, 314.) This 
organism is no longer recognized as a 
i\M)arate species. Dochez and Gillespie 
(Jour. Amer. Med. Assoc., 61, 1913, 727), 


Wirth (Cent. f. Bakt., I Abt., Grig., 106, 
1928,40) and others have established the 
identity of strains of this group as Diplo¬ 
coccus pneumoniae, Type 3. 

Buerger (Cent. f. Bakt., I Abt., Orig., 
41, 1906, 314) lists the following capsu- 
lated closely related streptococci: Strep¬ 
tococcus involutus Kurth, Arb. a. d. k. 
Gesundheitsamte, 8, 1893, 449 {Diplo¬ 
coccus involutus Winslow and Winslow, 
The Systematic Relationships of the 
Coccaceae, New York, 1908, 131); Strep¬ 
tococcus aggregatus Seitz, Cent. f. Bakt., 
I Abt., 50, 1896, 864; Streptococcus cap¬ 
sulatus Binaghi, Cent. f. Bakt., I Abt., 
55, 1897 , 273; Streptocoque aureole, Le 
Roy des Barres and Weinberg, Arch, de 
M4d. exp^r. et d^anat. pathol., 5, 1899, 
399; Leuconostoc hominis Hlava, Cent. f. 
Bakt., I Abt., Orig., 55, 1902, 263. 

Note 2. Pneumococci, regardless of 
serological type, manifest three chief 
culture phases (or stages): Mucoid, 
Smooth, and Rough. The Mucoid (M) 
form corresponds to that previously desig¬ 
nated as Smooth (S) and represents the 
typical phase of the species; Smooth (S) 
supercedes the earlier term Rough (R); 
and the present Rough (R) form is a rela¬ 
tively newly-described variant. The 
most frequently observed dissociative 
trend is M S —► R. Serological types 
are recognizable only in the Mucoid form 
due to the presence of type-specific poly¬ 
saccharides in the capsular material; 
both Smooth and Rough forms are devoid 
of capsular material, but possess species- 
specific antigens common to all members 
of the species. Smooth and Rough forms 
are non-pathogenic, possess distinctive 
growth characteristics, and require spe¬ 
cial technic for accurate observations. 
The cultural characteristics given are 
those of the mucoid and smooth phases 
only, e. g., see growth in broth. 

*t Diplococcus magnus Pr4vot. {Di¬ 
plococcus magnus anaerdbius Tissier and 


• Anaerobic section reviewed by Dr. Ivan C. Hall, New York, N. Y. 
t Cht^e anaerobic diplococci and streptococci, many of which are putrefactive 
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Martellyi Ann. Inst. Past., 16^ 1902, 885; 
Pr^vot, Ann. Sci. Nat., S^r. Bot., 16, 
1933, 140.) From Latin magnua, large. 

I^arge spheres: 1.5 to 1.8 microns, 
usually in pairs, sometimes occurring 
.singly, in small clumps or very short 
chains. Gram-positive. 

Gelatin: Growth slow, scanty. No 
liquefaction. 

Deep agar colonies: After 24 hours at 
37°C, lenticular, whitish, granular; mar¬ 
gin finely cut. No gas produced. 

Broth: Turbid, clearing in 4 or 5 days 
resulting in a viscous mass similar to the 
zoogloea which Clostridium hifermentans 
forms. 

Peptone \\ater: Slight turbidity. 
Indole not formed. 

Milk: Unchanged. 

Fibrin not digested. 

Sterilized urine: Turbid in 3 to 4 days. 
The urea is attacked forming (NlD^UOs. 

Proteoses: Digested and disintegrated 
forming (XH 4 ) 2 UOj with the liberation 
of NH,. 

Carbohydnites not attacked. 

Optimum pH 7.0. Limits of pH 5 5 
to 8.5. 

Temperature relations: Optimum 37'^C. 
Grows from 18° to 37°(\ Killed in five 
minutes on lx)iling or in half an hour 
at 60°C 

Non-pathogenic 

Strict anaerobe. 

Distinctive characters: Dirge size; 
very marked alkalinizing jxiwer. 

Source: Isolated by Tissier and 
Martelly (foe. cit.) from putrefying 
butcher’s meat. Isolated by Prevot 
{loc, cit.) from a case of acute ap¬ 
pendicitis. 


Habitat: Human digestive tract. 
Very common on butcher’s meat in the 
process of putrefaction. Probably occurs 
in household dust. 

3. Diplococcus paleopneumoniae 

Prevot. (An anaerobic pseudopneumo¬ 
coccus, Hist, Thdse de Paris, 1898; Der 
Frankelsche Diplococcus, Bolognesi, 
Cent. f. Bakt., I Abt., Orig.,45,1907,113; 
Pr6vot, Ann. Sci. Nat., S^r. Bot., 16, 
1033, 143.) From Greek paleua, old and 
pneumonia, inflammation of the lungs. 

Spheres: About 0.7 to 1.0 micron, oc¬ 
curring in pairs, rarely occurring singly 
or in very short chains. Capsulated. 
Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: Probably len¬ 
ticular. 

Agar slant colonies: Round, raised, 
transparent, dew-drop. 

Broth: Opalescent turbidity which 
settles as a rather abundant, powdery, 
fiocculent precipitate. No gas produced. 

Glucose or lactose broth: Rapid, 
abundant gmuth. 

Peptone water (2 per cent): Very slow 
development. After 4 or 5 days at 37°C 
growth very poor. 

Milk: Good growth. Partial coagu¬ 
lation. 

Blood agar: Very rapid, abundant 
growth. 

Acid from glucose and lactose. 

Temperature relations: Optimum37°C. 
No growth at 20°C nor at 42°C. Killed 
at 55°C. 

Pathogenic. 

Strict anaerobe. 

Distinctive cliaracters: Resembles 


and gas-forming, seem to us so different from the fermentative microaerophilic 
diploccKfdi, streptococci, leuconostocs and lactobacilli that we beleive they should 
be placed in genera and in a family separate from Lad ^bacteriaceac. Prevot in a 
discussion (Ann. Inst. Past., 67, 1941, 87) that has just reached us tOct., 1945) 
recognizes this difference in physiology. He would solve the difficulty by return¬ 
ing the fermentative diplococci and streptococci to the family Coccaccae because 
of resemblances in morphology which do not seem to us to be fundamental—The 
editors. 
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Diplococctts pneumonias but is a strict 
anaerobe; highly pathogenic. 

Source: Isolated by Rist {loc, cit,) 
from an osseous abscess; by Bolognesi 
(loc. cit.) from lesions of pleuropneu¬ 
monia. 

Habitat: Buccal-pharyngeal cavity of 
man and rodents. 

4. DIpiococcus plagarum-belli Pr6vot. 
(Diplococcus from septic wounds, Adam¬ 
son, Jour. Path, and Bact., 1919, 393; 
Pr^vot, Ann. Sci. Nat., S6r. Bot., JfJ, 
1933, 157.) From Latin plaga, wound; 
helium, war. 

Spheres: 0.6 to 1.0 micron, occurring 
in pairs of unequal size or in short chains. 
Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: Appear after 24 to 
48 hours, gradually increa.sing in size to 
2 mm in diameter; lenticular, regular, 
almost transparent. Gas not produced, 
even in glucose agar. 

Broth: Growth precipitates in 5 or 6 
days. No gas produced. 

Indole not formed. 

Milk: Strongly acidified and coagu¬ 
lated in 2 to 3 days. 

Serum not digested. 

Acid but not gas from glucose, mal¬ 
tose, lactose and sucrose. No acid from 
mannitol. 

Temperature relations: Optimum 
37®C. Not always killed in half an hour 
at 80®C. 

Non-pathogenic. 

Strict anaerobe. 

Source: Sixteen strains isolated from 
fifty-one cases of septic war wounds. 

Habitat: Common in septic wounds. 

5. Diplococcus constellatus Prevot. 
(Compt. rend. Soc. Biol. Paris, 91, 1924, 
426.) From Latin constellatus, studded 
with stars. 

Description in part from Prevot, Ann. 
Sci. Nat., S6r. Bot., 15, 1933, 158. 

Spheres: 0.5 to 0.6 micron, occurring in 
pairs and tetrads, rarely in very short 


chains, never in clusters. Gram¬ 
positive. 

Gelatin: Good growth. No lique¬ 
faction. 

Deep agar colonies: At first very small, 
lenticular, biconvex, thick, opaque, 
yellowish, 0.5 to 1.5 mm in diameter. 
Each colony surrounded by many small 
satellite colonies visible microscopically. 

Broth: Growth slow, poor. After 48 
hours a slight homogenous turbidity 
which quickly clears, leaving a slight 
powdery sediment. Neither gas nor odor 
produced. 

Glucose broth: Growth rapid, 

abundant. 

Proteins not attacked. 

Blood broth: Good growth. No 
hemolysis. 

Milk: Poor growth. No change. 

Peptone water: Good growth. Not 
acidified. Indole not formed. 

Neutral red broth unchanged. 

Acid but not gas from glucose, 
arabinose. Slightly acid from glycerol. 
No acid from lactose, inulin, mannitol or 
dulcitol. 

Optimum pH 6.0 to8.0. 

Optimum temperature 37°C. Feeble 
growth at 22®C. Nut thermo-rosistant. 

Strict anaerobe. 

Distinctive character: The micro¬ 
scopic appearance of agar colonies each of 
which is surrounded by a constellation of 
satellites. 

Source: Isolated from a case of chronic, 
cryptic tonsillitis. Later isolated from 
pus in acute appendicitis. 

Habitat: Digestive tract, especially 
the lymphoid tissues, as tonsils and 
appendix. 

6. Diplococcus morblllorum Pr6vot. 
(Diplococci from cases of measles, 
Tunnicliff, Jour. Amer. Med. Asme., 68, 
1917, 1028; Diplococcus rubeolae Tunni¬ 
cliff, Jour. Inf. Dis., 58, 1933, 39; Prdvot, 
Ann. Sci. Nat., Sdr. Bot., 16, 1933, 148; 
original name withdrawn by Tunnicliff, 
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Jc ir. Inf. DiH., 6H, 1936, 1.) From Latin 
morbus, disease; M. L. rnarbilli, measles. 

Spheres: O.G to 0.8 micron, occurring in 
short chains, rarely in small masses. 
Gram-positive. 

This organism does not develop on 
ordinary culture media. The addition of 
fresh scrum or ascitic fluid is necessary. 

Gelatin: No liquefaction. 

Serum agar colonics: Very small, punc- 
tiform, appearing after 5 to 22 days. No 
gas produced. 

Glucose agar containing ascitic fluid 
and blood: Colonies arc slightly larger 
and appear more rapidly; greenish. 

Blood agar colonies: Surrounded by a 
greenish halo. ]NLay be large and moist. 
Gas not produced. 

Broth: Very poor growth. 

Hemolysed blood broth: Growth floc- 
culent, leaving the liquid clear. 


Milk: Unchanged by most strains. 
Acidified and coagulated by four strains. 

Indole not formed. 

Bile: Not soluble in bile. 

Acid from glucose, sucrose and 
maltose. 

Temperature relations: Optimum 
37®C’. Killed in 45 minutes at 57®C 
Withstands — 2°C for two weeks. 

Strict anaerobe. Mo.st strains become 
microaerophilic with transfers. 

Distinctive characters: Greenish col¬ 
onies on blood media; jxxir growth on 
ordinary media. 

Siiurcc: Isolated from the throat and 
blood in measles. 

Habitat: Nose, throiit, eyes, cars, mu¬ 
cous secretions ami blood from cases of 
measles. 
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Genus IL Streptococcus Rosenbach,* 

(Rosenbach, Mikroo]:|;ani 9 men bei Wundinfektionskrankheitcn des Menschen, 18S4| 
22; Arthrostreptokokkus Hueppe, Wiesbaden, 1886, 144; Sphaeroeoccus Marpmann, 
Ergfiiizungshefte z. Cent. f. allg. Gesundheitspflege, 2, 1889,121; PerroncitoGy Babesia, 
SchueUia Trevisan, I generi e le specie delle Batteriacee, 1889, 29; Lactococcus Bei- 
jerinck. Arch, ne^rl. d. sci. exactes, S6r. 2, 7,1901, 213; Hypnococcus Bettencourt et 
al., Cent. f. Bakt., I Abt., Orig., 85, 1904, 55; Myxococcus Gonnermann, Oester. u. 
Ungar. Ztschr. f. Zuckerind. u. Landwirtsch., 86, 1907, 883; not Myxococcus Thaxter, 
Bot. Gaz., 17, 1892, 404; Mclococcus Amiradzibi, Med. Zurn., 1907, 309; Diplo- 
streptococcus v. Lingelsheim, in Kolle and Wassermann, Handb. d. piath. Mikroorg., 
2 Aufl., 4,1912, 494; ? Brachybacierium Troili-Petersson, Cent. f. Bakt., II Abt., 11, 
1903,138; Pseudostreptus Enderlein, Sitzb. Gesell. Naturf. Freunde, Berlin, 1917,309; 
Planosireptococcus Meyer, Die Zelle der Bakterien, Jena, 1912,4; Streptus Enderlein, 
Sitzber. Gesell. Naturf. Freunde, Berlin, 1930, 104; Peptostreptococcus Kluyver and 
Van Niel, Cent. f. Bakt., II Abt., PJ, 1936, 391.) From Greek streptus, flexible or 
pliant; Greek kokkos, a grain or berry; M. L., a sphere. 

Cells spherical or ovoid, rarely elongated into rods, occurring m pairs, or short or 
long chains, never in packets or zoogloeal masses. Capsules are not regularly formed, 
but become conspicuous with some species under certain conditions. Gram-positive, 
some species decolorizing readily. A few cultures produce a rusty red growth in deep 
agar stab, or a yellow or orange pigment in starch broth. Growth on artificial media is 
slight. Agar colonies are small. Surface colonies are translucent. Colonies may 
be effuse, convex or mucoid. Some species are aided by the addition of native proteins. 
Mostly facultative anaerobes, with little surface growth in stab cultures. A few are 
strict anaerobes. Some of the latter attack proteins with production of gas and foul 
odors. Carbohydrate fermentation by all others is homofermentative, with dextro¬ 
rotatory lactic acid as the dominant product, while volatile acids, other volatile products 
and COi are either absent or produced in very small amounts. Inulin is rarely at¬ 
tacked. Nitrate is not reduced to nitrite. Not soluble in bile. Common wherever 
organic matter containing sugars is accumulated. Regularly in the mouth and 
intestine of man and other animals, dairy products, fermenting plant juices. Some 
species are highly pathogenic. 

The type species is Streptococcus pyogenes Hosenbach. 

Note: The classification of streptococci is beset with many difficulties and it seems 
advisable for the present to accept only such described species about which there is 
reasonable agreement. With present knowledge, many species which have been sepa¬ 
rated can justifiably be considered as identical with older species and have been 
treated as such here. The descriptions of certain other species do not permit their 
exact identification now and they have been classed as invalid names with no present 
significance. It is admitted there arc grounds for belief that more than one species 
may be included in certain of the species described here, but the onus of p^f lies 
with the investigators interested in them. It is hoped that the simplification intro¬ 
duced will prove useful as a starting point for the more> exact differentiation and 
description of the species of Streptococcus. The 'general arrangement used is in 


♦ Revised by Prof. E. G. D. Murray, McGill University, Montreal, Canada, in con- 
uultation with Prof. G. J. Hucker, New York State Experiment Station, Geneva, New 
York and Prof. J. M. Sherman, Cornell University, Ithaca, New York, June, 1938; 
further revision by Prof. J. M. Sherman, February, 1944. 
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harmony with the suggestions made by Hucker (Proc. 2nd Internat. Cong, for Micro¬ 
biology, London, 1936,127) and Sherman (Bact. Reviews, /, 1937, 3). 

Serological reactions are included as fur as possible in the descriptions but the true 
significance of these methods is not known and on that account they are not stressed in 
the primary classification. 

Throughout the history of this genus motile streptococci have been reported oc¬ 
casionally (e.g.. Streptococcus herbarum Schieblich, Cent. f. Bakt., I Abt., Orig., 124^ 
1932, 269; Koblmtiller, Cent. f. Bakt., I Abt., Orig., 155,1934, 310; Stdlting, Ober die 
Streptokokken des normal reifenden Tilsiter Kases. Inaug. Diss., Kiel, 1935, 51; 
Pownall, Brit. Jour. Exp. Path., /6,1935,155) but it is not known whether these con¬ 
stitute definite species or wdiether (I.ieve'ison, .Ann. Inst. Past., 60, 1938,99) motile in¬ 
dividuals occasionally appear in ordinarily non-inotile species. 

The anaerobic streptococci have not been sufficiently studied to be sure whether 
they should be included in the genus Streptococcus or given separate generic rank. 
Their metabolic processes seem reason for the latter view. The descriptions given 
are taken from Pr^^vot (Ann. Sci. Nat., S6r. Bot., /5,1933,23). 

The material is arranged accordingly in three categories: A key and complete de¬ 
scriptions have been prepared for clearly defined species, species of uncertain ta.xo- 
nomic relationships have been placed in Appendix I with their necessarily incomplete 
descriptions, while even less valid and unidentifiable species are merely listed in 
Appendix II. 

Key to the species of genus Streptococcus. 

I. Facultative anaerobic species. 

A. Pyogenic group. No growth at 10®C. No growth at 45® C. Generally 

beta hemolytic. Generally do not curdle litmus milk and reduce lit¬ 
mus slowly if at all. Mannitol and glycerol generally not fermented. 
Not tolerant of 0.1 per cent methylene blue, 6.5 per cent NaCl and pH 
9.6. Produce ammonia from peptone. 

1. Sodium hippurate not hydrolyzed. 

a. I^actose fermented. 

b. Sorbitol not fermented but trelialose fermented. Lancefield 
Group A. 

1. Streptococcus pyogenes. 

bb. Sorbitol fermented and trehalose not fermented. Lancefield 
Group C. 

2. Streptococcus zooepidemicus, 

aa. Lactose may or may not be fermented. Lancefield Group C. 
b. Trelialose not fermented. 

3. Streptococcus equi, 
bb. Trehalose fermented. 

4. Streptococcus equisimilis, 

2. Sodium hippurate hydrolyzed. I^ancefield Group B. 

5. Streptococcus agalactiae. 

B. Viridans group. No grow'th at 10®C. Growth at 45®C (few exceptions in 

Streptococcus milis ). Reduce litmus after curdling litmus milk; sorbitol 
and glycerol generally not fermented; mannitol rarely. Not tolerant of 
0.1 per cent methylene blue, 6.5 fier cent NaCl or pH 9.6. Not beta 
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hemolytic (though they may be under anaerobic conditions) but show 
varying degrees of greening of blood. Do not produce ammonia from 
peptone (few exceptions in Streptococcus mitis). 

1. Lactose is fermented. 

a. Do not grow at 50"C. Greening or indifferent in blood agar. Raf- 
finose, inulin, salicin and dextrin generally fermented. Esculin 
generally attacked. Growth with 2 per cent NaCl. 

b. Do not survive 60®C for 30 minutes. Starch not hydrolyzed. 
Not tolerant of bile. 

c. Mucoid colonies produced on sucrose and raffinose media. 

6. Streptococcus salivarius. 

cc. Colonies not mucoid on sucrose or raffinose media. Inulin 
not fermented. 

7. Streptococcus mitis, 

bb. Survives 60®C for 30 minutes. Starch is hydrolyzed except 
by variety inulinaceus. Tolerant of bile. 

8. Streptococcus bovis (and varieties). 

aa. Grows at 50°C. No action on blood. Esculin not attacked. Raf- 
finose, inulin, salicin and dextrin not fermented. No growth in 
2 per cent NaCl. 

9. Streptococcus ihermophilus. 

2. Lactose not fermented. Tolerant of bile. 

10. Streptococcus equinus. 

C. Lactic group. Growth at 10®C. No growth at 45®C. Reduce litmus prior 

to curdling of litmus milk. Sorbitol and glycerol not fermented. Not 
beta hemolytic. Tolerate 0.1 per cent methylene blue, but do not 
tolerate 6.5 per cent NaCl or pH 9.6. 

1. Maltose and dextrin fermented. Ammonia produced from peptone. 

Growth at 40®C. Group N of Shattock and Mattick. 

11. Streptococcus laciis. 

2. Maltose and usually dextrin not fermented. Ammonia not produced 

from peptone. No growth at 40®C. 

12. Streptococcus cremoris. 

D. Enterococcus group. Growth at 10®C. Growth at 45®C. Usually reduce 

litmus prior to curdling litmus milk. Sorbitol, glycerol and mannitol 
generally fermented. May or may not be beta hemolytic. Tolerate 
0.1 per cent methylene blue, 6.5 per cent NaCl and pH 9.6. Ammonia 
produced from peptone. Lancefield Group D. 

1. Not beta hemolytic. 

a. Gelatin not liquefied. 

13. Streptococcus faecalis, 

aa. Gelatin liquefied. 

14. Streptococcus liquefaciens. 

2. Beta hemolytic. 

a. Mannitol and sorbitol fermented. 

15. Streptococcus zymogenes, 
aa. Mannitol and sorbitol not fermented. 

16. Streptococcus durans* 

II. Anaerobic species. 

A. Strict anaerobes. 

1. Gas and fetid odor produced, 
a. No geneial turbidity in broth. 
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b. Acid from maltose. 

17. SirepiococcuB anaerahtuB, 
bb. No acid from maltose. 

18. StreptococcuB foetiduB. 

aa. Turbidity in broth. 

b. No gas in Veillon's semisolid agar. No gas in peptone water. 

19. StreptococcuB putriduB, 

bb. Abundant gas in semisolid agar. Gaa in peptone water. 

20. StreptococcuB lanceolatuB. 

2. No gas and no fetid odor produced. 

a. Milk not coagulated. 

21. Streptococcus micros. 

aa. Milk coagulated. 

b. Viscous sediment in broth. Semisolid agar colonies blacken 
with age. 

22. Streptococcus parvulus. 

bb. No viscous sediment in broth. Semisolid agar colonies do not 
blacken with age. 

23. Streptococcus intermedius, 

B. Microaerophilic. 

1. Strictly anaerobic on isolation, later microaerophilic. 

24. Streptococcus evolutus. 


1. Streptococcus pyogenes Ilosenbach. 
(Fehlcisen, IJeber Erysipel, Deut. Zeit. 
f. Chir., 16, 1882, 391; Erysipelkokken, 
Fehleisen, Die Aetiologie des Erysipels, 
Berlin, 1883; Uoscnbach, Mikroorganis- 
men bei Wundinfektionskrankheiten des 
Menschens, 1884 , 22, Streptococcus ery- 
sipclatos (sic) Rosenbach, tbid , 22; 
Micrococcus erysipelatis Zopf, Die Spalt- 
pilze, 2 Aufl., 1884 , 86; Streptococcus 
erysipelatis Zopf, Die Spaltpilze, 3 
Aufl., 1885, 51; Streptococcus crysipelato- 
BUS Klebs, Die Allg, Path., Jena, 1887, 
318; Micrococcus scarlatinas and Strepto¬ 
coccus scarlatinas Klein, Report of the 
Medical Officer of the Local Government 
Board for 1885-1886, No. 8, 1887, 85; 
Streptococcus conglomeratus Kurth, Arb. 
d. k. Gesundheitsamte, 7, 1801, 389; 
Streptococcus longus von Lingelsheim, 
Ztschr. f. Hyg., 10, 1891, 331 and IS, 
1891, 3C8; Streptococcus puerperalis 

Arloing, Septic6mie puerperale, Paris, 
1892 (Jordan, Brit. Med. Jour, 1912, 1); 
Staphylococcus erysipelatos Hesse, Ztschr. 
f. Hyg., 54,1900,347; Streptococcus longus 
pathogenes scu erysipelatos Schottmtlller, 
MUnch. med. Wchnschr., SO, 1903, 909; 
Streptococcus longus hemolyticus Sachs, 
Ztsehr. f. Hyg.,55,1909,466 ; Sireptococeus 


longissimus Thalmann, Cent. f. Bakt., I 
Abt., Orig., 56, 1910, 248; Streptococcus 
hemolyticus Roily, Cent. f. Bakt., I Abt., 
Orig., 61, 1911, 87; Streptococcus epi- 
demicus Davis, Jour. Am. Med. Assoc., 
68, 1912, 1852; Jour. Inf. Dis., IS,. 1914, 
378; ibid., 19, 1916 , 236; Streptococcus 
hemolysans Blake, Jour. Med. Res., 55 
(N.S. SI), 1917, 116; Streptococcus pyo- 
genes haemolyticus Weisenbach, Compt. 
rend. Soc. Biol. Paris, 81, 1918, 819; 
Streptus scarlatinas Enderlein, Sitzber. 
Gesell. Naturf. Freunde Berlin, 1930, 
104, Streptococcus pyogenes var. scarla- 
tinae Hauduroy et al.. Diet. d. Bact. 
Path., Paris, 1937 , 520.) From Greek 
pyon, pus; -genes, producing. 

Spherical or ovoid cells: 0.6 to 1 micron 
in diameter in cultures; usually spherical 
in blood and inflammatory exudates; oc¬ 
curring in chains or pairs. Capsules are 
variable, sometimes well developed and 
can be induced. Gram-positive. 

Gelatin stab: Growth slight; minute 
opaque colonies, little surface growth. 
No liquefaction. 

Nutrient agar: Small colonies, trans¬ 
lucent, convex, entire, slightly granular; 
colonies are variable; confluent growth a 
thin transparent film; tendenoy for 
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colonies to remain discrete. Growth in¬ 
creased by addition of blood or native 
proteins. Pairs or short chains in surface 
growth and longer chains in condensation 
fluid of slants. 

Broth: Flocculcnt sediment of tangled, 
chains, supernatant broth often clear 
except in very young cultures. No 
pellicle. 

Potato: Very slight or no visible 
growth. 

Litmus milk: Acid, seldom curdled, 
and litmus reduced slowly or not at all. 

Acid from glucose, maltose, lactose, 
sucrose, salicin and trehalose. No acid 
from inulin, raffinose, arabinose, glycerol, 
mannitol, sorbitol or dulcitol. 

No hydrolysis of sodium hippuratc, 
starch or esculin. 

Ammonia is produced from peptone. 

Temperature relations: Optimum tem¬ 
perature around 37®C. No growth at 
10®C or 45®C. Does not survive 60®C 
for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent NaCl but not 4 per cent and 6.5 per 
cent. Final pH in glucose broth 4 8 to 
6.0; no growth at pH 9.6. Methylene 
blue 0.01 per cent and 0.1 per cent not 
tolerated and not reduced. Inhibited by 
bile but not soluble. 

Action on blood: Superficial and deep 
colonies cause hemolysis in blood agar, 
usually with a wide zone surrounding the 
colony, which may have a well-defined 
margin circumscribed by a zone of con¬ 
centrated hemoglobin; the margin of the 
zone is ill-defined with some strains. 
Conditions defined by Brown (Rocke¬ 
feller Inst. Med. Res., Monograph 9, 
1919, 14) known as beta hemolysis. 
Soluble antigenic hemolysin of more than 
one kind produced in fluid cultures; in¬ 
fluenced by constitution of medium and 
presence of serum; one is oxygen-sensi¬ 
tive and another is oxygen-stable. 
Special precautions necessary for its 
demonstration (F. Smith, Jour. Bact., 
54,1937,586,603). 

Toxin: An erythrogenic toxin is pro* 


duced; commonly associated with scarlet 
fever. Relatively thermostable. 

Fibrinolysin: Dissolves human fibrin 
but not fibrin of rabbit or ox blood. 
Markedly thermostable. 

Serology: Constitutes Group A of 
Lancefield (C substance; polysaccharide) 
(Jour. Exp. Med., 57, 1933, 671). Types 
within the species are distinguishable 
(M substance; protein); 23 identified by 
Griffith (Jour. Hyg., 54, 1934, 542). 
Antigen common to the group (P sub¬ 
stance; nucleo-protein) also present in 
other Gram-positive cocci. 

Facultiitive anaerobe. Occasionally in 
primary culture from lesions, pus, etc. 
grows only in anaerobic culture. 

Source: Human mouth, throat and 
respiratory tract; inflammatory exudates, 
blood stream and lesions in human disease 
of very varied character. Occasionally in 
milk and udder of cows. Dust in sick 
rooms, hospital wards and other contami¬ 
nated sites. 

Habitat: In human infections of many 
varied types. Occasionally in udder in¬ 
fections of cattle and perhaps other 
animal sources. 

2. Streptococcus zooepidemlcus Frost 
and Engelbrecht. (Animal pyogenes, 
Type A of Edwards, Jour. Bact., 57, 
1934, 527; Frost and Engelbrecht, A 
Revision of the Genus Streptococcus^ 
privately published, 1936, 3 pp. and The 
Streptococci, 1940, 25; Streptococcus pyo^ 
genes animalis Seclemann, Deutsche 
tierarzt. Wchnschr., 50, 1942, 8 and 48.) 
From M. L., derived to mean animal 
epidemicus. 

Morphology and general cultural char¬ 
acters resemble Streptococcus pyogenes. 
Mucoid colonies are common. Capsules 
are constantly demonstrable and promi¬ 
nent. Gram-positive. 

Gelatin stab: No liquefaction. 

Litmus milk: May be curdled, litmus 
not reduced or slowly after curdling. 

Acid from glucose, lactose and 
sorbitol. Acid may be produced from 
maltose, sucrose and salicin. No aeid 
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from arabinose, trehalose, raflfinose, in- 
ulin, glycerol or mannitol. 

Does not hydrolyze sodium hippurate, 
but starch and esculin may be split. 

Ammonia is produced from peptone. 

Temperature relations: No growth at 
10®C or at 45®C. Docs not survive 60®C 
for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent NaCl but not 4 per cent and 6.5 
per cent. Final pH in glucose broth 
4.5 to 5.2. No growth at pH 9.6. Meth¬ 
ylene blue 0.01 per cent and O.l per cent 
not tolerated and not reduced. 

Action on blood: Beta hemolysis. 

Serology: Group C of Lancefiold (/oc. 
cit.). Cross precipitation with Strepto¬ 
coccus equi. 

Facultative anaerobe. 

Source: Bl(X)d stream, inflamiuiitory 
exudates and lesions of diseased animals. 
Not known from man. 

Habitat: Disease process of domestic 
and lalx)ratory animals. (Hor.se: cfido- 
metritis, foetus. Hog: septicemia. 
Cow: septicemia, metritis, foetus. 
Fowls: slipped tendon. Guinea pig: 
lymphadenitis. Babbit: septicemia. 
Fox: pneumonia.) 

3. Streptococcus equi Sand and Jeiwen. 
(Bacillus adenitis equi Baruchello, Soc. 
Veter, de Venetie, Undine, 1880; Giornale 
di anatomia lisiologica et patologia degli 
animali domestici, Pisa, Sept., 1887; Sand 
and Jensen, Deuts. Ztschr. f. Tiermed., 
ISy 1888, 436, dated December 27, 1887, 
Veterinary Congress, Copenhagen, 1887; 
sometimes incorrectly credited to Schiitz, 
Arch. f. wissens. u. prakt. Tierheilkunde, 
/4» 1888, 172; Streptococcus cappellvtti 
Chester, Manual Determ. Bact., 1901,57*; 
Streptococcus coryzac contagiosae equorum 
SchUtz, in Eisenberg, Bakt. Diag., 3 
Aufl., 1891, 270; Streptococcus schutz, 
Bongert, in Kolle and Wassermann, 
Handb. d. path. Mikroorg., 2 Aufl., 6*, 
'913,208.) From Latin equus, horse. 

Possible synonyms: Streptococcus pen- 
ionitidis equi Hamburger, Cent. f. Bakt., 
I Abt., 19, 1896, 882 (Streptococcus peri- 


ionitidis Migula, Syst. d. Bakt., f, 1900, 
21); Streptococcus pyogenes equi Hutyra, 
in Lehmann and Neumann, Bakt. Diag., 
7 Aufl., 1927,221. 

Note: Rivolta (Dei parassiti vegetali 
come introduzione alio studio delle malat- 
tie parassitarie e delle alterazione delP 
alimento degli animali domestici. Turin, 
1873,161) described chains of cocci in ade¬ 
nitis scrophula equorum, morbus glandu^ 
losus. 

Holth, reported by C. O. Jensen 
(Handb. d. Scrumtherapie u. Serum diag- 
nostik in d. Veterinar-med. (Klimmer- 
Wolfif-Eisner), 2, 1911,223),and Adsersen 
(Cent. f. Bakt., I Abt., Orig., 76, 1915, 
111) studied the fermentation reactions of 
Sand and Jensen’s organism. Review of 
early literature given by Broeq-Rousseau, 
Forgeot and Urbain (Le streptocoque 
^ourmeux. Revue de Pathologie Com- 
par(^e et d’Hygiene G6n6rale, Paris, 
1925). 

Ovoid or spherical cells: 0.6 to 1 micron 
in diameter, sometimes in pus the long 
axis of the cells are transverse to the 
chain, and sometimes in the axis of the 
chain resembling streptobacilli; bacillary 
forms are not rare; occur in pairs, short 
or long chains; very long cliains common 
ill broth cultures. Capsules often 
marked in blood of infected mouse and 
when grown in serum. Gram-posit ive. 

Gelatin stab: Growtii uncertain. No 
liquefaction. 

Nutrient agar: Primary aerobic cul¬ 
tures from pus occasionally fail; growth is 
poor; small, convex, transparent colonies. 
Confluent growth is thin, grayish-white or 
yellowish and more abundant in the con¬ 
densation water. Growth is increased 
ixirtioularly by horse protein. 

Broth: Poor growth even in infusion 
broth; growth increased by serum 
(Evans, Jour. Bact., S2, 1936, 541). 

Litmus milk: No change. Not curdled 
and litmus not reduced. 

.Acid from glucose, maltose, sucrose 
and salicin. No acid from arabinose, lac¬ 
tose, trehalose, raflinosc, inulin, glycerol, 
mannitol or sorbitol. 
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No hydrolysis of sodium hippurate. 

Temperature relations: Optimum tem¬ 
perature 37^C. Growth slow at 20^0. 
No growth at 10®C or 45®C. Does not 
survive 60®C for 30 minutes. 

Chemical tolerance: Does not tolerate 
6.5 per cent NaCl; final pH in glucose 
broth 4.8 to 5.5. Methylene blue is not 
tolerated 0.01 per cent to 0.1 per cent. 
Inhibited by bile but not soluble. 

Action on blood: On blood-agar, colo¬ 
nies are small and watery, dry out rapidly 
leaving fiat glistening colony. Well-de¬ 
fined wide clear zone of hemolysis (beta 
hemolysis). Growth in serum broth 
gives a hemolysin active on horse cor¬ 
puscles, less so on those of sheep and 
guinea pig. 

Toxin: Subcutaneous injection causes 
necrosis, other evidence of toxin produc¬ 
tion is defective. 

Fibrinolysin: Usually does not lyse hu¬ 
man fibrin; some strains reported to do so. 

Serology: A member of Lancefield’s 
Group C (Jour. Exp. Med., 57,1933,571); 
cross precipitation with Species No. 2 
(animal pyogenes) of Edwards (Jour. 
Bact., f7,1934,527). Cultures have been 
poor antigens for production of aggluti¬ 
nating serum and results have been un¬ 
satisfactory. Immunized rabbit serum 
may protect mice from infection, to which 
mice are very susceptible. 

Pathogenicity high for white mice, low 
or no virulence for rabbits and guinea 

Facultative anaerobe; growth in pri¬ 
mary culture often better in depth of 
medium. 

Source: Pus from lesions and mucous 
membrane of upper respiratory tract of 
horses. Evidence of occurrence in man is 
unconvincing. 

Habitat: Found only in strangles in 
horses. 

4. Streptococcus equlsimllis Frost and 
Engelbrecht. (Human C, Qgura, Jour. 
Jap. Soc. Vet. Sci., 8, 1929,174; Edwards, 
Jour. Bact., 55, 1932, 250; ibid., B6, 1933, 
527; Sherman, Bact. Reviews, /, 1937,35; 


Frost and Engelbrecht, A Revision of 
the Genus Streptococcus, privately pub¬ 
lished, 1936, 3 pp. and The Streptococci, 
1940, 45.) From M. L., derived to mean 
similar to equi. 

This species is apt to be confused with 
Streptococcus equi Sand and Jensen, but 
it is not as fastidious in its growth re¬ 
quirements and shows greater tolerance of 
methylene blue, lyses human fibrin and 
ferments glycerol and trehalose. It may 
or may not ferment lactose. 

It is also apt to be confused with Strep^ 
tococcus pyogenes Rosenbach except for 
its greater tolerance of methylene blue, 
glycerol fermentation and especially 
Lancefield’s serological grouping (Jour. 
Exp. Med., 57, 1933, 371). 

Spheres: Gram-positive. 

Gelatin: Not liquefied. 

Litmus milk: Acid, may be curdled; 
litmus not reduced before curdling. 

Acid from glucose, maltose, sucrose, 
trehalose and glycerol; may or may not 
form acid from lactose and salicin. No 
acid from arabinose, raffinose, inulin, 
mannitol or sorbitol. 

No hydrolysis of sodium hippurate but 
ma3' hydrolyze starch and esculin. 

Ammonia is produced from peptone. 

Temperature relations: No growth at 
10®C add 45°C. Does not survive 60®C 
for 30 minutes. 

Chemical tolerance: Does not tolerate 
6.5 per cent NaCl. Final pH in glucose 
broth 5.4 to 4.6; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tolerated, 
but Edwards (Kentucky Agr. Exp. Sta¬ 
tion Bull. 356, 1935; confirmed by Davis 
and Guzdar, Jour. Path, and Bact., 
1936,197) finds resistance to 0.000Q25 mo¬ 
lar methylene blue in infusion-casein 
digest broth. Rarely grows on 40 per 
cent bile-blood agar. 

Action on blood: Beta hemolysis. 

Fibrinolysin: Dissolves human fibrin. 

Serology: Lancefield (/oc. cit) Group C. 

Facultative anaerobe. 

Source: Human nose and throat, vagina 
and skin; erysi|)elas and puerperal fever. 
Uncommon in domestic animals and usu- 
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ally aaaociated with other streptococci 
(Edwards, loe, cit). 

Habitat: Human upper respiratory 
tract and vagina. 

Streptococcus dysgalactiae Diernhofer 
(Milchw. Forsch., 15,1932,368), Group II 
Minett (Proc. 12th Internat. Vet. Cong., 
5,1934,511) and Streptococcus pseudoaga- 
lactiae Plastridge and Hartsell (Jour. Inf. 
Dis., 61 f 1931,114) appear to be identical. 
(Little, personal communication). 
Physiologically these organisms are like 
Human C types {Streptococcus equisim- 
ilis Frost and Engelbrecht) except that 
they are not hemolytic. 

5. Streptococcus agalactiae Lehmann 
and Neumann. (Streptococcus de la 
mammite, Nocard and Mollereau, Ann. 
Inst. Past., 1, 1887, 109; Streptococcus 
nocardi Trevisan, I generi e le specie delle 
Batteriacee, 1889, 36 (this name rightly 
has priority and is valid but has remained 
unused and it would seem unwise to adopt 
it in place of a name familiar by usage); 
Streptococcus mastitis sporadicae Guille- 
beau and Streptococcus mastitis con- 
tagiosae Guillebeau, Landw. Jahrb. d. 
Schweiz, 1892, 27; abst. in Cent. f. 
Bakt., 15,1892,101; Streptococcus agalac¬ 
tiae contagiosae Kitt, Bakterienkunde, 
Wien, 1893,322; Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 5, 1896, 126; Strep¬ 
tococcus mastitidis Migula, Syst. d. 
Bakt., 5, 1900, 19.) From Greek, want 
of milk. 

According to Hucker and Harrison (N. 
Y. Agr. Exp. Sta. Tech. Bui. 246,1937,9), 
Streptococcus agalactiae Lehmann and 
Neumann is identical with Group I of 
Minett, Stableforth and Edwards (Jour. 
Comp. Path, and Ther., 4^, 1933,131) and 
Group A of Plastridge, Anderson, Brig¬ 
ham and Spaulding (Conn. (Storrs) Agr. 
Exp. Sta. Bui. 195, 1934). 

Description largely taken from Hansen, 
N. Y. Agr. Exp. Sta. Tech. Bui. 232,1935. 

Spherical or ovoid cells: 0.4 to 1.2 mi¬ 
crons in diameter, occurring in chains of 
seldom less than four cells and frequently 
very long; the longer axis of the cells may 


be in the axis of the chain or may be trans¬ 
verse to it. Chains may appear to be 
composed of paired cocci. C^psulesC?). 
Gram-positive. 

Gelatin stab: Gray, filiform growth. 
No liquefaction. 

Nutrient agar: Small gray colonies. 

Broth: Growth is variable in character; 
most frequently a sticky, flaky deposit 
which may adhere to the side of the tube 
but the supernatant fluid is clear; long 
chains are fprmed. 

Starch broth: May produce yellow to 
orange sediment. 

Litmus milk: Acid followed by cur¬ 
dling. Litmus reduced subsequent to 
curdling and proceeds from the bottom 
upwards. Little or no proteolysis. 

Indole not formed. 

Acid from glucose, maltose, galactose, 
fructose, lactose, sucrose, mannose, dex¬ 
trin and trehalose and at times from 
salicin. No acid from arabinose, raffi- 
nose, inulin, xylose, glycerol, mannitol, 
sorbitol or amygdalin. 

Sodium hippurate is hydrolyzed. No 
hydrolysis of starch and esculin. 

Nitrites not produced from nitrates. 

Ammonia is produced from peptone. 

Temperature relations: Optimum tem¬ 
perature 37*^0. Range of growth tol¬ 
erance between 15®C and 40®C. No 
growth at 10®C or 45®C. Does not sur¬ 
vive 60®C for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent NaCl, variable tolerance of 4 per cent 
NaCl and does not tolerate 6.5 per cent 
NaCl. Final pH in glucose broth 4.2 to 
4.6; no growth at pH 9.6. Methylene 
blue 0.01 per cent and 0.1 per cent not 
tolerated and not reduced. 

Not soluble in bile and is not inhibited 
by 10 per cent and usually not by 40 per 
cent bile. 

Action on blood: Variable; between i 
and i of the strains produce a narrow clear 
zone of hemolysis; certain strains de¬ 
scribed as producing greening. The 
hemolytic strains produce an oxygen- 
stable, filterable hemolysin. 
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Toxin: No evidence of an erythrogenic 
toxin. 

Fibrinolysin: Does not dissolve huimin 
fibrin. 

Serology: Group B of Lancefield (Jour. 
Exp. Med., 47 , 1933, 571). Three anti¬ 
genic types have been separated which 
appear to be associated with the carbo¬ 
hydrate and not the protein fraction. 

Facultative anaerobe. 

Source: Isolated from milk and tissues 
from udders infected with mastitis. Oc¬ 
casionally reported from human sources 
(Lancefield, Jour. Exp. Med., 57, 1933, 
571;Hare,Jour.Path, l^ct., 4 /, 1935,499). 

Habitat: Udder of cattle with mastitis. 

6. Streptococcus sallvarius Andrewes 
and Horder. (Lancet, 2, 1906,712; Strep¬ 
tococcus cardio-arthritidia Small, Amer. 
Jour. Med. Sci., 17S, 1927, 103.) From 
Latin salivarius, slimy, clammy; M. L., 
related to saliva. 

Description based on studies by Saf- 
ford, Sherman and Hodge, Jour. Bact., 55, 
1937,263 and Sherman, Niven and Smiley, 
Jour. Bact., J5, 1943, 249. 

Spherical or ellipsoidal cells, 0.6 to 0.8 
micron in diameter, usually in short 
chains. Long axis of cell lies in axis of 
chain. Cells are relatively large in liquid 
media, especially milk. Gram-positive. 

Gelatin stab: Filiform growth. No 
liquefaction. 

Plain nutrient agar: Colonies white, 
small, not more than 0.5 mm in diameter. 
Notwithstanding rather vigorous growth 
on artificial culture media, cultures die 
out readily. 

Nutrient agar containing 5 per cent 
sucrose or raffinose produces a large, clear, 
soft, mucoid colony about the diameter of 
those produced by coliform bacteria and 
yeasts. This is quite distinctive as no 
other known species of streptococcus 
(except occasional strains of Streptococcus 
hovis) produce colonies of this type on 
sucrose or raffinose agar. The polysac¬ 
charide produced is a soluble levan, some 
•trains producing in addition a smaller 


amount of insoluble dextran (the poly- 
sacchi\ride in the Streptococcus hovis colo¬ 
nies is a dextran). 

Action on blood agar: Indifferent 
(gamma hemolysis of Brown, Rockefeller 
Inst. Med. Res., Monograph 9, 1919, 8). 
No soluble toxin and no hemolysin has 
been demonstrated 

Broth: Variable. Loose, flocculent de- 
. posit with clear supernatant fluid and 
long cluiins, or uniform or granular tur¬ 
bidity with small deposit and short 
chains. No pellicle. 

Litmus milk: Acidified and curdled 
promptly by all lactose-fermenting 
strains. Completely reduced but only 
after curdling. No digestion. 

Potato: Slight growth. Difficult to 
detect. 

Acid from glucose, maltose, sucrose, 
raffinose, inulin and salicin. No acid 
from glycerol, mannitol, sorbitol, arabi- 
nose or xylose. Trehalose and lactose 
usually fermented. 

No hydrolysis of sodium hippurate and 
arginine. Splits esculin. Starch is not 
hydrolyzed. 

Ammonia is not produced from peptone. 

Chemical tolerance: Tolerates 2 per 
cent but not 4 i)er cent NaCI. Final pH 
in glucose broth between 4.4 and 4.0. 
No growth at pH 9.6. Methylene blue 
0.01 per cent and 0.1 per cent not tol¬ 
erated. Not soluble in bile but inhibited 
by 30 per cent bile in blood agar. 

Catalase not produced. 

Temperature relations: Optimum 
growth 37° to 43°C. Growth at 46°C. 
No growth at 47°C. No growth at 10°G. 
Does not survive 60°C for 30 minutes. 

Facultative anaerobe. 

Serology: No group antigen has been 
demonstrated. Contains several sero¬ 
logical types. 

Source: Saliva and sputum in various 
pulmonary infections, apical abscesses of 
teeth, carious lesions of teeth, intestinal 
tract. 

Habitat: Human mouth, throat and 
nasopharynx. 
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7. Streptococcus mltis Andrewes and 
Horder. (Lancet, 1906, 712.) From 
Latin mitiSt mild. 

Synonyms: Streptococcus mitior seu 
FirtdaTis SchottmUller, Miinch. mcd. 
Wchittchr., 50, 1903, 849 (these names 
refer to a group of species and they are 
therefore confused in meaning in medical 
literature. See Winslow and Winslow, 
The Systenuitic Relationships of the Coc- 
c^eae. New York, 1908, and Saflford, 
Sherman and Hodge, Jour. Bact., 35,1937, 
263). The name Streptococcus mitis was 
first proposed by Frankel (Munch, mod. 
Wchnschr., 52, 1904, 548 and 1868). Be¬ 
cause others have used this name with 
varied meanings {Streptococcus mitis seu 
viridans von Lingelsheim, in Kollo and 
Wasscrmann, Handb. d. path. Mikroorg , 
2 Aufl., 1912, 453; Streptococcus mitis 
Holman, Jour. Med. Res., Si, 1916,377), 
the more definite emendation of An¬ 
drewes and Horder has been used us the 
basis of the description given here. The 
relationships of these organisms has been 
discussed by Brown, Rockefeller Inst. 
Med. Res., Monograph No. 9, 1919, 86. 

Description based on studies by SaL 
ford, Sherman and Hodge {loc. cit.) and 
Sherman, Niven and Smiley, Jour. Bact., 
45, 1943,249. 

Spherical or ellipsoidal cells, 0.6 to 0.8 
micron in diameter. Long axis of cell lies 
in axis of chain. Cells not especially 
large in liquid media including milk. No 
capsules. Gram-positive. 

Gelatin stab: Filiform growth. No 
liquefaction. 

Nutrient agar: Growth increased when 
serum or blood is added. Confluent 
growth, gray and abundant. 

Action on blood agar: The colonies arc 
surrounded by a characteristic greening 
(alpha hemolysis of Brown, Rockefeller 
Inst. Med. Res., Monograph 9, 1919, 8). 
This is weak with some strains and is 
variable under anaerobic conditions. No 
soluble toxin and no hemolysin has been 
demonstrated. 

Broth: Variable. Ijoose, floooulent de¬ 


posit with clear supernatant fluid and 
long chains, or granular turbidity with 
small deposit and short chains. No 
pellicle. 

Litmus milk: Usually acidified and 
curdled promptly; litmus is completely 
reduced but only after curdling; no di¬ 
gestion. 

Potato: Slight growth which is difficult 
to detect. 

Acid from glucose, maltose, lactose, 
sucrose and usually salicin. Variable 
fermentation of raffinose. No acid from 
inulin, mannitol, sorbitol, glycerol, arabi- 
nose or xylose. Trehalose rarely fer¬ 
mented. 

No hydrolysis of sodium hippurate and 
usually no hydrolysis of arginine. Action 
on esculin usually negative. 

Usually ammonia is not produced from 
peptone. 

Chemical tolerance: Tolerates 2 per 
cent but not 4 per cent NaCl. Final pH 
in glucose broth 5.8 to 4.2, ave. 4.5. No 
growth at pH 9.6. Methylene blue 0.01 
per cent and 0,1 per cent not tolerated. 
Not soluble in bile but inhibited by 30 
per cent bile in blood agar. 

Catalase not produced. 

Teniperaturc relations: Optimum 
growth 37° to 40°C. Many strains do not 
grow at 45°C. No growth at 10°C. Does 
not survive 60°C for 30 minutes. 

Facultative anaerobe. 

Serology: No group antigen has been 
demonstrated. C>)ntains several sero¬ 
logical types. 

Source: Saliva and sputum in various 
pulmonary infections, pus from upper 
respiratory tract and sinuses, blood and 
various organs in sub-acute endocarditis. 

Habitat: Human mouth, throat and 
nasopharynx. 

S. Streptococcus bovis Orla-Jensen 
emend. Sherman. (Orla-Jensen, The 
Lactic Acid Bacteria, 1919,137; Sherman, 
Bacteriological Reviews, 1, 1937, 57.) 
From Latin hos, cow. 

The majority of the strains of SinpUh 
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coccun inuUnacem may be considered as 
identical with Streptococcus bovis os de¬ 
scribed here. The so-called Bargen 
streptococcus (Bargen, Jour. Amer. 
Med. Assn., 55, 1924, 332; Arch. Int. 
Med., 45, 1930, 559) is also considered to 
be Streptococcus bovis. 

Spheres: Occurring in pairs and chains. 
Capsulated in milk. Gram-positive. 

Gelatin stab: No liquefaction. 

Litmus milk: Acid, curdled in 3 to 5 
days, followed by reduction of the litmus. 

Acid from glucose, fructose, mannose, 
galactose, maltose, lactose, sucrose, rath- 
nose and salicin; sometimes from manni¬ 
tol, sorbitol, inulin, arabinose and treha¬ 
lose. Not from glycerol. 

Starch is hydrolyzed by typical strains 
but not by variety tnulinaceus. Esculin 
is hydrolyzed but not sodium hippurate. 

Nitrites not produced from nitrates. 

Ammonia not produced from 4 per cent 
peptone. 

Temperature relations: Optimum 
temperature 35®C. When freshly iso¬ 
lated, maximum 45®C. No growth at 
22®C or below. Survives 60®C for 30 
minutes, but not 05^0. 

Chemical tolerance: 2 per cent NaCI 
growth, 4 per cent NaCl no growth, 6.5 
per cent NaCl no growth. Final pH in 
glucose broth 4.5 to 4.0. No growth at 
pH 9.6. May tolerate 0.01 per cent 
methylene blue but not 0.1 per cent. 
Tolerant of bile and not soluble. 

Action on blood: Not hemolytic; the 
changes exhibited vary from greening 
(alpha) to no observable change (gamma). 

^luble hemolysin: Absent. 

Toxin: Absent. 

Serology: Some cross reaction with 
Lancefield Group D (Sherman, Jour. 
Bact.,55,1938, 81). 

Facultative anaerobe. 

Distinctive characters: Greening or no 
change in blood; a higher maximum tem¬ 
perature of growth than Streptococcus 
salivarius and distinctly higher thermal 
resistance (60^C for 30 minutes); hy¬ 
drolysis of starch and usually ferments 
arabinose and sometimes mannitol. 


Source: Saliva, feces and intestinal con¬ 
tents of cattle; milk of cows; sometimes 
abundantly present in human feces (Bar- 
gen’s coccus) in health and disease. The 
variety tnulinaceus is sometimes abun¬ 
dant in the bovine throat. 

Habitat: Bovine mouth and alimentary 
tract where it is the predominating strep- 
tococcas. 

9. Streptococcus thermophllus Orla- 
Jensen. (Maelkcri-Bacteriologi, 1916, 
37; The Lactic Acid Bacteria, 1919,136.) 
From Greek thermits ^ heat; philuSf 
loving. 

Spheres: 0.7 to 0.9 micron, with pointed 
ends, occurring singly and in short chains. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Nutrient agar: Small, pin-point, gray, 
circular colonies. In streak cultures 
growth is scanty, beaded and gray. Fas¬ 
tidious in nutritive requirements needing 
appropriate carbohydrates added to pep¬ 
tone-infusion media (especially lactose 
and sucrose). Viability on laboratory 
media low. 

Broth: Fine granular sediment; usu¬ 
ally in very long chains, especially at 
45°C. 

Litmus milk: Acid, curdled, followed 
by partial reduction of the litmus. 

Acid from glucose, fructose, lactose, 
and sucrose; seldom ferments raffinose 
and arabinose. No acid from maltose, 
dextrin, inulin, glycerol, mannitol, sor¬ 
bitol or salicin. 

No hydrolysis of sodium hippurate or 
esculin. Starch may be hydrolyzed on a 
favorable medium. 

Ammonia not formed from 4 per cent 
peptone. 

Temperature relations: Optimum 40" 
to 50®C. Minimum 20®C. No growth 
at 53"C. Survives 60"* and 65"C for 30 
minutes. Thermal death point 72" to 
74"C. 

Chemical tolerance: Extremely sensi¬ 
tive to salt, no growth with 2 per cent, 4 
per cent and 6.5 per cent NaCl. Final pH 
in glucose broth 4.5 to 4.0. No growth 
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at pH 9.6. Not tolerant of 0.01 per cent 
and 0.1 per cent methylene blue. 

No action on blood. 

Serology: No cross reaction with Lance- 
field Group D (Sherman, Jour. Bact., 55, 
1938, 81). 

Facultative anaerobe. 

Distinctive characters: High growth 
temperature (50°C) and heat resistance 
(60® to 65®C). Inability to ferment mal¬ 
tose and salicin. Inhibited by 2 per cent 
NaCl. Nutritive requirements in 
medium. 

Source: Milk and milk products. Used 
as a starter in making Swiss cheese. 

10 . Streptococcus equinus Andrewes 
and Horder. (Lancet, 5, 1906, 712.) 
From Ijatin equinus^ of horses. 

Spheres: Occurring in short chains; the 
chains arc longer in broth than in milk 
and some cultures give extremely long 
chains in broth. Gram-positive. 

Gelatin stab: Little or no growdh at 
20®C. Not liquefied. 

Litmus milk: No visible change, grows 
poorly (w'ith 2 per cent added glucose 
there is little reduction of litmus). 

Acid from glucose, fructose, galactose, 
maltose and usually from sucrose and 
salicin; raffinose and inulin are seldom 
fermented; arabino.se, xylose, lactose, 
mannitol and glycerol are not fermented. 
The salicin-negative strains corrcsix)nd to 
Streptococcus ignavus Holman, Jour. Med. 
Res., S4, (N. S. 29), 1916, 377. 

Starch is not hydrolyzed under ordi¬ 
nary conditions of test (poured plate); it 
may be hydrolyzed by streak cultures on 
a very favorable medium. Sodium hip- 
purate is not split. Esculin is hy¬ 
drolyzed slowdy, failure in three days, 
becomes positive in seven. 

Ammonia not produced from 4 per cent 
peptone. 

Temperature relations: Minimum 21®C. 
Growth at 45®C, seldom at 47®C, and no 
growth at 48®C. Sometimes survives 
60®C for 30 minutes. 

Chemical tolerance: Growth in 2 per 
cent NaCl but not in 4 per cent and 6.5 


per cent. Final pH in glucose broth 4.5 
to 4.0; no growth at pH 9.6. Some strains 
tolerate 0.01 per cent but none tolerate 
0.1 per cent methylene blue. 

Action on blood: Greening (alpha on 
horse blood) varying to weak but definite. 
No hemolysis. 

Serology unknown, but no cross reac¬ 
tion with Lancefield Group D (Sherman, 
.Jour. Bact., 55, 1938, 81). 

Facultative anaerobe. 

Distinctive characters: Minimum tem¬ 
perature of growth (20°C) and high maxi¬ 
mum temperature of grow'th (47®C); poor 
growth in milk, even wdth added glu¬ 
cose; failure to ferment lactose. 

Sources: Human and bovine feces; hu¬ 
man mouth, urine and inflammatory exu¬ 
dates (pathogenicity not established). 
Andrewes and Horder (loc. cit.) failed to 
find it in feces of fox and stoat. 

Habitat: Predominating * organism in 
the intestine of horses. 

11 . Streptococcus lactis (Lister) Loh- 
nis. (Bacterium lactis Lister, Quart. 
.Jour Micro. Sci , 13, 1873 , 380; 18, 1878, 
177; Lohnis, Cent. f. Bakt., II Abt., 22, 
1909, .553.) From Latin lac, milk. 

The following organisms are generally 
regarded as identical with Streptococcus 
lactis liohnis. See Breed, in Jordan and 
Falk, The Newer Knowdedge of Bacteri¬ 
ology and Immunology, Chicago, 1928, 
383. 

Streptococcus acidi laciici Grotenfelt, 
Fortschr. d. Med., 7, 1889, 121; Micro¬ 
coccus acidi paralactici Nencki and Sie- 
ber, Monatschr. f. Chem., 10, 1889, 532; 
Bacillus No. 19, Adametz. Landw. Jahrb., 
18, 1889, 227; Eine bestimmtq Bacte- 
ricnart, Gunther and Thierfelder, Arch, 
f. Hyg., 25, 1895, 164; Bacillus acidi 
lactici Esten, Storrs Agric. Exper. Sta. 
Conn., Ann. Rep. for 1896, 1897, 44 (not 
Milchsaurebacterium, Hueppe, Mitt. d. 
kais. Gesundheitsamte, 2, 1884, 340, 
which is Bacillus acidi lactici Zopf, Die 
Spaltpilze, 3 Aufl., 1885, 87); Bacterium 
gUntheri Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 2, 1896, 197; Bacterium 
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laetis acidi Leichmanii» Cent. f. Bakt., 
II Abt., 1896, 777 (not Bacterium laetis 
acidi Marpmann, Ergiinzungshcfte Cent, 
f. allgem. Gesundheitspflege, 1886, 
117); Der ovaler Coccus, Frcudenroich, 
Cent. f. Bakt., II Abt., I, 1896, 168; 
Bacillus lacticus Kruse, in Fliigge, Die 
Mikroorganismen, 3 AuH., 2, 18%, 356; 
Bacterium lacticus Chester, Del. Agr. 
Exp. Sta., 9th Ann. Kept., 1897, 88; 
Bacillus acidi paralactici Kozai, Ztschr. 
f. Hyg., 31, 1899, 372; Streptococcus para- 
laclieus Migula, Syst. d. Bakt., 2, KKXl, 
18; Bacterium lacticum Migula, Syst. d. 
Bakt., 2, 1900, 405; Bacterium truncatum 
Migula, Syst. d. Bakt., 2, 1900 , 407 
(Bacillus No. 19 of Adametz; Bacterium 
punctatum Chester, Man. Determ. Bact., 
1901, 147; not Bacterium truncatum 
Chester, ibid., 157; not Bacterium trun¬ 
catum Chester, ibid., 195); Streptococcus 
grotenfeltii Chester, Manual Determ. 
Bact., 1901, 67; Lactococcus laetis Bei- 
jerinck, Arch. Ne^rl. d. Sci. Exact, et 
Nat., S^r. II, 7, 1901, 213; Streptococcus 
lacticus Kruse, Cent. f. Bakt., I Abt., 
Orig., 34, 1903, 737, Streptococcus gtin- 
theri Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907, 242; Bacillus 
laetis acidi Sewerin, Cent. f. Bakt., II 
Abt., 22, 1908, 8 (not Bacillus laetis acidi 
Marpmann, loc. cit., 120, nor Leichmann. 
loc. cit., 778); Bacterium leichmanni 
Wolff, Cent. f. Bakt., II Abt., 24, 1909, 
67. 

Spheres: Many cells elongated in di¬ 
rection of chain; 0.5 to 1 micron; mostly 
pairs and short chains, with some cultures 
long chains. Gram-positive. 

Gelatin stab: Filiform to beaded 
grow'th. No liquefaction. 

Nutrient agar colonies: Small, round or 
oval,gray, entire, slightly raised. Streak 
culture tends to remain as definite colo¬ 
nies throughout, confluent in parts. 

Glucose broth: Turbidity and later 
sediment: 

Potato: No visible growth. 

Litmus milk: Acid; complete reduction 
of litmus before curdling. Young cultures 


entirely reduced with narrow red band, 
at top which widens with ageing. No 
digestion and no gas produced, but whey 
may be expressed. 

Acid from glucose, maltose and lac¬ 
tose; variable in arabinose, xylose, mal¬ 
tose, sucrose, mannitol and salicin. No 
acid from raffinose, inulin, glycerol or 
sorbitol. Occasional strains have been 
noted which fail to ferment lactose (Yaw- 
ger and Sherman, Jour. Dairy Sci., 20, 
1937, 83) and others which do ferment 
raffinose (Orla-Jcnsen and Hansen, Cent, 
f. Bakt., II Abt., 1932,6). 

Starch not hydrolyzed. Sodium hip- 
punite may be hydrolyzed and esculin is 
split. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations: No growth at 
45°C. Some strains survive 60°C for 30 
minutes. 

Chemical tolerance: Growth with 2 per 
cent and 4 per cent NaCl but not with 6.6 
per cent. Final pH in broth 4.5 to 4.0. 
No growth at pH 9.6 but grows at pH 9.2. 
Tolerates both O.Ol per cent, 0.1 per cent 
and 0.3 per cent methylene blue. Bile 
neither lyses nor inhibits grow th. 

Action on blood: No hemolysis; may 
show' greening or no action. 

Serology: Sherman, Smiley and Niven 
(Jour. Dairy Sci.*, 23, 1940,529) have pro¬ 
duced a species-specific group serum for 
this species. Shattock and Mattick 
(Jour. Hyg., 1943, 173) liave desig¬ 
nated this group as Group N. The above 
authors arc in agreement in feeling that 
their studies indicate a close serological 
relationship betw'een Streptococcus laetis 
and Streptococcus cremons. Toxin not 
known. 

Facultative anaerobe. 

Distinctive characters: Grow th at 10®C 
or below and at 40°C but not at 45®C; 
rapid complete reduction of litmus before 
curdling milk; growth in presence of 4 per 
cent but not 6.5 per cent NaCl; ammonia 
produced from peptone; no grow*th at 
pH 9.6 but grow'8 at pH 9.2. 
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Source: Isolated from milk by Lister 
{loc. ctL). Milk and milk products. 

Habitat: Not in the udd^r of cows. 
Plants may be natural habitat (Stark and 
Sherman, Jour. Bact., SO, 1935, 639). 

Note : The following may be regarded 
as varieties of Streptococcus lactis: (1) 
Streptococcus lactis var. maltigenes Ham¬ 
mer and Cordes, Iowa Agr. Exp. Sta. Res. 
Bull.68,1921; (2) Streptococcus lactis var. 
anoxyphilus Hammer and Baker, Iowa 
Agr. Exp. Sta. Res. Bull. 91), 1926; (3) 
Streptococcus lactis var. tardus Hammer 
and Baker, ibid. Also (4) Streptococcus 
amylolactis, (5) Streptococcus raffinolactis 
and (6) Streptococcus saccharolactis Orla- 
Jensen and Hansen, Cent. f. Bakt., II 
Abt., 86, 1932, 6. 

12 . Streptococcus cremoris Orla-Jen- 
sen. (The Lactic Acid Bacteria, 1919, 
132.) From Latin crcmor, thick juice; 
M. L., cream. 

Synonyms: ? Streptococcus hollandic^is 
Wiegmann, in Kramer, Die Bakteriologic 
in ihrcn Beziehungen zur I^andwirtschaft 
und den Landw. Technischen Gewcrben, 
Wien, 1890; Streptococcus lactis B, Ayers, 
Johnson and Mudge, Jour. Inf. Dis., 34, 
1934, 29. 

Spheres: 0.6 to 0.7 micron (often larger 
than Streptococcus lactis); forming long 
chains, especially in milk, some cultures 
in pairs. Gram-positive. 

Gelatin stab: No liquefaction. 

Litmus milk: Acid; complete reduction 
of litmus before curdling with red line at 
top broadening with age; clot separates 
with no digestion of casein; milk becomes 
slimy. 

Acid from glucose and lactose; may 
ferment maltose, salicin and rarely su¬ 
crose, rafhnose and mannitol. Arabi- 
nose, xylose, sorbitol, inulin and glycerol 
are not fermented. 

No hydrolysis of starch and sodium hip- 
purate but sometimes esculin. 

Ammonia not produeed from 4 per cent 
peptone. 

Temperature relations: Optimum be¬ 


low 30®C. Minimum lO^C. Maximum 
37°C. May survive 60°C for 30 minutes. 
Thermal death point 65°C to 70®C. 

Chemical tolerance: Grows with 2 per 
cent but not with 4 per cent and 6.5 per 
cent NaCl. Final pH in glucose broth 
4.6 to 4.0. No growth at pH 9.6 and 9.2. 
Tolerates 0.01 per cent and sometimes 0.1 
and seldom 0.3 per cent methylene blue. 

Action on blood: No hemolysis. 

Facultative anaerobe. 

Distinctive cliaracters: Inability to 
grow at 40®C; reduction of litmus before 
curdling milk; no growth in the presence 
of 4 per cent NaCl and at pH 9.2; does 
not grow well on artiBcial media. 

Source: Raw milk and milk products; 
commercial starters in butter and cheese 
factories. Not known from human and 
animal sources. 

The following may be regarded as varie¬ 
ties of Streptococcus cremoris: (1) Strep¬ 
tococcus lactis var. hollandicus Buchanan 
and Hammer, Iowa Agr. Exp. Sta. Res. 
Bull. 22,1915; (2) Streptococcus mannito- 
cremoris Orla-Jcnsen and Hansen, Cent, 
f. Bakt., II Abt., 3^, 1932, 6. 

13. Streptococcus faecalis Andrewes 
and Horder. {Micrococcus ovalis Esch- 
erich. Die Darmbakterien, Stuttgart, 
1886, 89; Ent6rocoque, Thiercelin, 

Compt. rend. Soc. Biol., Paris, 1903, 
1082; Enterococcus proteiformis Thier- 
celin and Jouhaud, Compt. rend. Soc. 
Biol., Paris, 65, 1903, 686; Andrewes and 
Horder, Lancet, B, 1906, 708; Strepto¬ 
coccus faecium and Streptococcus glyceri- 
naceus Orla^ensen, The Lactic Acid Bac¬ 
teria, 1919, 139 and 140; Diplococcus 
enterococcus Neveu-Lemaire, Precis Pa- 
rasitol. Hum., 5th ed., 1921, 18; Strepto¬ 
coccus ovalis lichmann and Neumann, 
Bakt. Diag., 7 Aufl., 2,1927, 209 and 230; 
Streptococcus proteiformis Hauduroy et 
al., Diet. d. Bact. Path., Pans, 1937, 
520.) From Latin faex, dregs, residue; 
M. L., feces, excrement; M. L. faecalis^ 
fecal. 

Escherich reclassified his Micrococcus 
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ovalts (loc, ciL) as a streptococcus in 
Jahrb. f. Kinderheilk., 49, 1899,161. 

According to Gorini (Le Lait, 6, 1936, 
81) his term Gasirococcus is a synonym of 
Enterococcus Thiercelin {loc, cii,), Micro¬ 
coccus ovalis Escherich {loc. cil.) and 
Streptococcus faecalis Andrewes and Her¬ 
der (loc. cit.). 

Spheres, ovals, of variable size (often 
large), usually occurring in pairs and 
sometimes short chains in fluid media. 
Gram-positive. 

Gelatin stab: Filiform growth. No 
liquefaction. 

Nutrient agar: Small, round, raised, 
milky colonies. Streak culture fairly 
abundant and confluent. 

Broth: Turbid, clearing later with 
abundant sediment. 

Potato: No visible growth. 

Litmus milk: Acid, usually reduction 
of litmus before curdling; no digestion 
of clot. 

Acid from glucose, maltose, lactose, 
salicin and almost always mannitol; may 
or may not ferment arabinose, sucrose, 
raffinose, glycerol, sorbitol. Inulin is sel¬ 
dom fermented. 

Starch not hydrolyzed; sodium hip- 
purate may be and esculin is hydrolyzed. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations: Optimum 37®C. 
May grow at 5®C and below. Grows at 
10 ®C and 45®C, seldom grow's at 50®C. 
SulVives 62.8°C for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent, 4 per cent and 6.5 per cent NaCl. 
Final pH in glucose broth 4.4 to 4.0. 
Grows at pH 9.6. Tolerates 0.01 per cent 
and 0.1 per cent methylene blue. Bile 
does not lyse or inhibit growth. 

Action on blood: Usually greening; 
sometimes no change. 

Toxin unknown. 

Serology: Lancefield^s Group D (Sher¬ 
man, Jour. Bact., 55,1938, 81). 

Facultative anaerobe. 

Distinctive characters: Growth at 10®C 
and 45®C; survives 60'’C for 30 minutes; 
reduction of litmus before curdling milk; 


growth at pH 9.6, in the presence of 6.6 
per cent NaCl, and 0.1 per cent methyl¬ 
ene blue; hot hemolytic and does not 
liquefy gelatin. 

Source: Human feces and intestinal 
contents; inflammatory exudates;.blood 
stream in subacute endocarditis; Euro¬ 
pean foul-brood of bees; milk and milk 
products, especially cheese; garden 
plants. 

Habitat: Human intestine, milk and 
milk products. 

14. Streptococcus liquefaclens Stern¬ 
berg emend. Orla-Jensen. (Sternberg, 
Manual of Bacteriology, 1893, 613; Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
142). From Latin liquefaciens, lique¬ 
fying. 

Synonyms: Micrococcus casei amari 
Freudenreich, Ijaudw. Jahrb. d. Schweiz, 
8, 189*1, 136; Streptococcus apis Maas- 
son, Arb. Biol. Abt. f. Laud- u. Forst- 
wirtsch. a.d.k. Gesundheitsamte, 6, 
1908, 53 (as shown by Hucker, N. Y. 
Agr. Exp. Sta. Tech. Bull. 143, 1928, 40 
and 190, 1932, 17); Bacillus guntheri 
Cowan, British Boe-Kecpers Guide 
Book, 20th od.. London, 1911, 171; 
Streptococcus coli gracilis P'scherich, 
Die Darmbaktcrien dcs Sauglings und 
ihre Beziehungen zur Physiologic der 
Verdauung, 1886, 77 {Streptococcus gra¬ 
cilis I^hmann and Neumann, Bakt. 
Diag., 1 Aufl., 2. 1896, 118). 

As explained by Hucker (N. Y. Agr. 
Exp. Sta. Tech. Bull. 144, 1928, 6), some 
of the acid proteolytic cocci first de¬ 
scribed by Gorini in 1902 {loc. cit.) are 
gelatin-liquefying streptococci identical 
with Streptococcus liquefaciens. Also see 
Long and Hammer, Iowa Agr. Exp. Sta. 
Res. Bull. 206, 1936, 219. The following 
names have been used for these strepto¬ 
cocci: Bact^ries productrices d’acide et 
de pr6sure, Gorini, Rev. g6n. du Lait, 1, 
1902, 173; Micrococcus casei liquefaciens 
Orla-Jensen, Cent. f. Bakt., II Abt., IS, 
1904,430; Micrococcus casei acido-proteo- 
lyticus I (liquefies gelatin) and Micro- 
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eoeeuB caaei acido-proieolyticua II (does 
not liquefy gelatin) Gorini, Rev. g6n. 
du Lait, 8, 1910, 337 (Micrococcus caaei 
proteolyticua I and II Gorini, Rend. 
Accad. Lincei, Ser. 6, fP, 1910, II Sem., 
150); Coccus acido-proteolyticua caaei I 
and Coccus acido-proteolyticus caaei II 
Gorini, Rev. gf;n. du Lait, .9, 1912, 97. 
The terms Mammococcua and Caseococcua 
have also been used for these cocci by 
Gorini, Le Lait, 6, 1926, 81; Mammo- 
coccua acidoproteohjticus Gorini, Act. P. 
Accad. Sci. Nov. Lync., Vatican City, 
88, I Sess., 1934, 42. 

Spheres: Usually in pairs, sometimes 
short chains. Gram-positive. 

Gelatin stab: Liquefaction and profuse 
growth; liquefaction fails in occasional 
variants but these are nevertheless 
Lanceheld group D and have the other 
characters of the species. (See Sherman, 
Stark and Mauer, Jour. Bact., 33, 1937, 
492.) 

Litmus milk: Acid; curdled and pep¬ 
tonized ; the litmus is reduced completely 
before ncidulation and curdling; cjiscoly- 
sis fails in variants not liquefying gelatin 
(Sherniiin, Stark and Manor, !oc. cit., 
486). Gives milk bitter Uiste. 

Acid from glucose, nmltose, sucrose, 
lactose, trehalose, mannitol, sorbitol, 
salicin and glycerol (rare failure from 
sucrose and glycerol); variable fermenta¬ 
tion of arabinose and rafFinose Inulin 
not fermented. 

Starch not hydrolyzed, sodium hip- 
purate may be and esculin is hydrolyzed. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations: Growth at 10®C 
and 45®C, occasional growth at 60®C. 
Survives 60®C and 62.8®C for 30 minutes. 

Chemical tolerance: Tolerates 2, 4 and 
6.6 per cent NaCl; final pH in glucose 
broth 4.6 to 4.0; growth at pH 9.6; toler¬ 
ates 0.01 per cent and 0.1 per cent me¬ 
thylene blue. Bile tolerant. 

Action on blood: No change or green¬ 
ing (alpha). Human fibrin not lysed. 

Serology: Lancefield Group D (Sher¬ 
man, Jour. Bact., 55,1938,81). 

nieultative anaerobe. 


Distinctive characters: Growth at 
10 ®C and 45®C; resistance to 60®C; growth 
in presence of 6.5 per cent NaCl, 0.1 per 
cent methylene blue and at pH 9.6. 
Ammonia produced from peptone. 
Strong reduction of litmus before acidula- 
tion of milk, which is afterwards curdled 
and peptonized; gelatin is liquefied; 
marked proteolysis. Low final pH in 
glucose broth. Fermentation of glyc¬ 
erol and mannitol. 

Source : Originally isolated by Stern¬ 
berg from a cadaver. Dairy and other 
food products. Foul brood of bees. 
Plants, feces, human vagina, blood in 
subacute endocarditis. 

Habitat: Human and animal intestine. 

15. Streptococcus zymogenes (Mac- 
Callum and Hastings) Holland. (Micro¬ 
coccus zymogenes MacCallum and Hast¬ 
ings, Jour. Exp. Med., 4, 1899, 521; 
Holland, Jour. Bact., 5, 1920, 226; 
Staphylococcus zymogenes Ford, Textb. of 
Bact , 1027, 425 ) From Greek zyme, 
ferment and -genes, producing. 

This species shows the same character¬ 
istics as Streptococcus liquefaciena except 
as given below. The two species have 
sometimes been regarded as identical 
(Bergey et al.. Manual, 3rd ed., 1930, 
59). 

Gelatin stab: May or may not liquefy 
gelatin. Otherwise as in Streptococcus 
liquefaciens. 

Action on blood: Beta hemolytic. 

Source: Originally isolated from an 
acute case of endocarditis. 

Habitat: Human and animal intestine. 

16. Streptococcus durans Sherman and 
Wing. (Streptococcus heniothermophilua 
Sherman and Wing, Jour. Dairy Sci., 18, 
1935, 657; original name withdrawn by 
Sherman and Wing, Jour. Dairy Sci., 80, 
1937, 165.) From Latin durana, re¬ 
sisting. 

Spheres: Occurring in pairs and short 
chains, more rarely in long chains. 
Gram-positive. 

Gelatin stab: No liquefaction. 
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LitmuB milk: Acid; curdled, followed by 
reduction of litmus. 

Acid from glucose, maltose, lactose, 
and usually salicin and trehalose. Raffi- 
Dose, inulin, sorbitol, arabinose, glycerol 
not fermented and mannitol and sucrose 
rarely fermented. 

Starch not hydrolyzed. Sodium hip- 
purate and esculin are hydrolyzed. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations: Growth at 
10®C. Maximum 50®C. Survives heat¬ 
ing for 30 minutes at 62.8^0 and usually 
66 .6°C. 

Chemical tolerance: Growth with 2 per 
cent, 4 per cent and 6.5 per cent NaCl. 
Final pH in glucose broth 4.5 to 4.0. 
Growth at pH 9.6. Tolerates 0.01 per 
cent and 0.1 per cent methylene blue. 

Action on blood: Active hemolysis of 
beta type (horse, human and rabbit 
blood); persistent after 5 years culture on 
media without blood. 

Toxin unknown. Non-pathogenic for 
mice, rabbits and guinea pigs. 

Serology: Lancefield’s Group D (Sher¬ 
man, Jour. Bact., 55,1938,81). 

Facultative anaerobe. 

Distinctive characters: Growth at 10®C 
and 45®C; beta hemolysis; failure to fer¬ 
ment sucrose and mannitol; resistance to 
60®C for 30 minutes; tolerance of 0.1 per 
cent methylene blue and 6.5 per cent 
NaCl. 

Source: Forty strains were isolated 
from spray process milk powder. 

Habitat: Human intestine, milk and 
milk products. 

*17. Streptococcus anaerobius Kronig 
emend. Natvig. (Kronig, Zent. f. Gyn., 
1896; Natvig, Arch. f. Gyn., 1905, 76.) 
From Greek an, without; a^r, air; bioa, 
life; M. L., anaerobic. 

Heurlin (&kt. Unters. d. Keimgehaltses 
im Genitalkanale d. fiebernden Wdchne- 
rinnen. Helsingfors, 1910, 122-127) rec¬ 
ognizes the following varieties of Slrepto- 
eoccut anaerobiue: * 8. anaerobius 
vulgaris, 8. anaerobius typ. vulgaris, 8. 


anaerobius gonoides, 8. anaerobius 
(Wegelius No. 28), 8. anaerobius micros 
(Lewkowicz), and 8. anaerobius carduus. 

Description according to Pr5vot, Ann. 
Sci. Nat., S^r. Bot., 15, 1933, 180. 

Spheres: Average size 0.8 micron, oc¬ 
curring in chains. Non-motile. Gram¬ 
positive. 

Gelatin: No liquefaction. 

Semi-solid agar (Veillon): After 48 
hours colonies 1 to 2 mm in diameter, very 
regular, lenticular. Gas produced. 
.Agar slightly acidified. 

Martin broth: Rapid growth. No tur¬ 
bidity. Sediment in 24 hours. Medium 
slightly acidified. Feeble production of 
gas. Slight fetid odor. 

Martin glucose broth: Very abundant 
growth. Gas fetid, inflammable, no H*S. 
Very marked acidification. 

Peptone water: Abundant flocculent 
growth. Gas produced at expense of pep¬ 
tone. Medium not acidified. Neither 
indole nor H 2 S produced. 

Meat and liver broth: Very abundant 
growth. Much gas produced which con¬ 
tains CO 2 and H 2 . 

Milk: No acid. No coagulation. 
Cooked protein (egg white, meat, liver, 
fibrin and serum) not attacked. Fresh 
fibrin and fresh organs partially disinte¬ 
grated with blackening, abundant gas, 
very fetid odor due in part to H 2 S. 

Scrum broth: Abundant gas and fetid 
odor. 

Neutral red broth: Changed to fluores¬ 
cent yellow. 

Acid from glucose, fructose, galactose, 
sucrose and maltose. Mannitol and 
arabinose sometimes fermented. 

Optimum pH 6.0 to 8.0. 

Temperature relations: Optimum 36* 
to 38°C. Grows at 26^C, but not below 
22 ®C. Survives 6 minytes at 60®C or 
two minutes at 80*’C. Killed in ten 
minutes at dO**C. 

Pathogenic. 

Strict anaerobe. 

Distinctive characters: Very pepto- 
lytic; gas produced in peptone water with 
destruction of the peptone. Differs fioni 


* See footnotes, p. 308. Reviewed by Dr. Ivan C. Hall. 
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Streptococcus foetidus by being mor¬ 
phologically like a typical streptococcus. 
Differs from Streptococcus putridus by its 
physiology, bread crumb-like growth, and 
tho production of gas in all media. 

Source: Isolated in cases of putrefac¬ 
tive gangrene; war wounds; uterus, lochia 
and blood in puerperal infections; ap¬ 
pendicitis ; pleurisy; and amniotic fluid. 

Habitat: Mouth and intestines. 
Cavities of man and animals, especially 
the vagina. Can invade all tissues. 

18. Streptococcus foetidus (Veillon) 
Pr6vot. {Micrococcus foetidus Veillon, 
Compt. rend. Soc. Biol. Paris, 46^ 1893, 
867; not Streptococcus foetidus Migula, 
Syst. d. Bakt.,1900, 38; Prdvot, Ann. 
Sci. Nat., Sdr. Bot., 16, 1933,189.) From 
Latin foetidus (better fetidus), stinking. 

Large spheres: 0.8 to 1.0 micron, oc¬ 
curring normally in short chains, also in 
tetrads, double or zig-zag chains. Non- 
motile. Gram-positive. 

Gelatin: No liquefaction. 

Semi-solid agar (Veillon); Slow growth. 
At first punctiform; small colonies i to i 
mm in diameter, growing 1 to 2 cm below 
the surface, regular, thick, lenticular, 
opaque. Gas bubbles produced. 

Blood agar: Small brownish hemo- 
peptic zone around tho colonies. No 
true hemolysis. 

Martin broth: Poor growth. No tur¬ 
bidity. Flakes form on wall of tube, but 
rapidly settle to the bottom. Little or 
no gas. Very faint fetid odor. 

Martin glucose broth: Good gro\\th. 
No turbidity. Gas fetid, inflammable. 

Meat and liver broth: llapid, abundant 
growth. Abundant gas. Strong fetid 
odor. 

Milk: No acid. No coagulation. 

Peptone water: Gas production feeble. 
Indole not formed. 

Neutral red broth changed to fluores¬ 
cent yellow. 

Fresh organs become green, then 
blacken. Much gas produced containing 
later the organs are gradually disin* 


tegrated; partial bioproteolysis and HjS 
fermentation. 

Cooked protein not attacked. 

Acid and gas from glucose, fructose, 
galactose and sucrose. No acid from 
lactose, maltose, arabinose, glycerol, man¬ 
nitol, dulcitol or starch. 

Temperature relations: Optimum 36® 
to 38°C. Feeble growth at 26®C. No 
growth below 22°C. Killed in one hour 
at 60®C or in ten minutes at 80®C. 

Optimum pH 6.5 to 8.0. 

Pathogenic for guinea pigs and mice. 

Strict anaerobe. 

Common in fetid suppurations and 
autogenous gtingrcnous processes. 

Source: P'irst isolated from a fatal case 
of Ludw'ig’s angina. Perinephritic 
phlegmon; the fetid pus from Bartholin’s 
gland; gangrene of the lung; appendicitis. 

Habitat: Mouth, intestine and vagina 
of man and animals. 

18a. Streptococcus foetidus var. buccalis 
Pr6vot. (Einen Micrococcus der Mund- 
hohle, Ozaki, Cent. f. Bakt., I Abt., 
Orig., 76, 1915, 118; Micrococcus buccalis 
Bergey et al., Manual, 1st ed., 1923, 69; 
Pr6vot, Ann. Sci. Nat., S4r. Bot., 16, 
1933, 193.) From mouth. 

19. Streptococcus putridus Schott- 
mtiller emend, Pr6vot. (Schottmiiller, 
Mitteil. a. d. Grenzgeb. d. Med. Chirurg., 
21, 1910, 450; Pr6vot, Ann. Sci. Nat., 
S6r. Bot., 16, 1933, 170, 184.) From 
Latin putridus, rotten, decayed. 

Synonym: Streptococcus putrificus 

Schottmuller, MUnch. med. Wochnschr., 
68, 1921, 662. 

Spheres: Average size 0.8 micron, oc¬ 
curring in chains. Gram-positive. 

Gelatin: No liquefaction. 

Semi-sol id agar (Veillon): More or less 
lenticular; colonies 1 to 2 mm in diameter. 
No gas produced. 

Blood agar: A blackish-brown hemo- 
peptic zone is produced around the 
colonies, with fetid gas (HsS). Colonies 
become brownish, sometimes blackish. 

Martin broth: In 6 to 8 hours uniform 
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turbidity which does not precipitate 
completely. Xo gas. Little odor. 

Martin glucose broth: Rapid abun¬ 
dant growth. Uniform turbidity. Sedi¬ 
ment. Xo gas. Slight fetid odor. 
Black pigment in the sediment. 

Meat and liver broth: Very abundant 
growth, very marked putrid odor. In¬ 
complete sedimentation. 

Peptone water: Sparse growth. 

Neither gas, odor, H 2 S nor indole. 

Milk: No acid. Xo coagulation. 
Cooked protein not attacked. 

Deep blood agar: Agar is broken by the 
gas (HsS). 

Fresh blood broth: Abundant gas 
whieh contains a large amount of H 2 S. 
Blood blackens rapidly, has typical 
putrid odor. 

Fresh fibrin broth: The fibrin is broken 
up and partially digested. 

Neutral red changed to fluorescent 
yellow. 

Lead media blackened. 

Acid from glucose, fructose and mal¬ 
tose. Acid sometimes produced from su¬ 
crose, mannitol and galactose. 

Optimum pH 7.0 to 8.5. 

Temperature relations: Optimum 36® 
to 38®C. Growth feeble at 28®C. No 
growth below 22®C. Killed in ten 
minutes at 80®C. 

Pathogenic when grown in media with 
fresh tissue and body fluids. 

Strict anaerobe. 

Distinctive characters: Putrescence 
but absence of gas in ordinary media; 
presence of gas and H 2 S in media with 
fresh tissue or body fluids. 

Source: Normal and fetid lochia, blood 
in puerperal fever, gangrenous appendi¬ 
citis, gangrene of the lung, in gas gan¬ 
grene, gangrenous metasUises; war 
wounds; osteomyelitis; and from amni- 
otic fluid. Found in sea water by Mon- 
tel and Mousseron (Paris M6dical, 1929). 

Habitat: Human mouth and intestine 
and especially the vagina. 

20. Streptococcus lanceolatus Prevot. 
{C0CCU8 lanceolatus anaerobius Tissier, 


Compt. rend. Soe 1 iol. Pbris, 94, 1920, 
447; PrOvot, Ann. Sci. Nat., S6r. Bot., 
15, 1933, 173 and 193; not Streptococcus 
lanceolatus pasteuri nor Streptococcus 
lanceolatus Gnmalela, Ann. Inst. Past., 
2, 1888,440; not Streptococcus lanceolatus 
Saito, Arch. f. llyg., 75, 1912, 121.) 
Although PrdvoUs name is invalid, it is 
used until further comparative studies 
have been made. From Latin lanceolatus, 
having a little lance, pointed. 

I^rge ovoid cells: 1.2 to 1.4 microns 
with pointed ends, occurring in short 
chains in culture and in pairs in exudates. 
Xon-inotile. Gram-positive. 

Gelatin: Xo liquefaction. 

Deep agar colonies: Very large, lentic¬ 
ular. Abundant gas produced which 
breaks up the medium. 

Peptone broth: Uniform turbidity. 
Granular, glairy sediment. 

Peptone water: Good growth. Gas 
produced. 

Milk: No change. 

Protein not attacked. 

Hydrolyzed albumen reduced to COt, 
(NH 4 ) 2 C 03 and NHj. 

Acid from sucrose, glucose and starch. 
Xo acid from lactose. (Butyric, valeri¬ 
anic and acetic acid are produced, in the 
proportions 2:l:trace, from glucose and 
sucrose.) 

Non-pathogenic for laboratory animals. 

Optimum temperature 37®C. 

Strict anaerobe. 

Distinctive characters: Proteolytic 
and saccharolytic; produces ammonia 
from hydrolyzed proteins; butyric, 
valerianic and acetic acid produced from 
hexoses. No HoS produced. 

Source: From human feces in a case of 
diarrhoea. 

Habitat: Putrefying materials. 

21 . Streptococcus micros Pr6vot. 
(Streptococcus anaerobius micros Lewko- 
wicz. Arch. M<5d. Exp., IS, 1901, B15; 
Pr5vot, Ann. Sci. Nat.,S6r. Bot., 15, 1933, 
193; also see Weiss and Mercado, Jour. 
Inf. Dis., 62, 1938, 181.) From Greek 
mierus, small (old spelling, micros). 
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Very small spheres: 0.2 to 0.4 micron, 
occurring in long chains or in pairs. Non- 
motilc. Gram-positive. 

Gelatin: Poor growth. No lique¬ 
faction. 

Semi-.solid agar (Veillon): Slow 
grow'th; colonics at first punctiform, be¬ 
coming lenticular and later forming proc¬ 
esses into the medium. Average size 
0.5 to 1.0 mm in diameter, some reach 
2 to 3 mm growing 2 or 3 cm below the 
surface. 

BIockI agar: Xo hemolysis. No hemo- 
peptolysis. 

Martin broth: Slight particulate tur¬ 
bidity hicli slow ly settles. 

Moat and liver broth: Bapid grow'th. 
Abundant sediment. 

Peptone water: Powdery sediment. 
Medium not acidified. No indole formed. 

Neutral red broth: Changed to fluores¬ 
cent yellow. 

Milk: Grow's with difficulty. Xo acid. 
No coagulation. 

Acid produced rapidly from glucose, 
fructose, galactose, sucrose and maltose. 
No acid from lactose, arabinose, glycerol, 
mannitol, inulin and starcli. 

Protein not attacked. 

Optimum pll about 7.0. 

Optimum temperature 36® to 38®C. 
No growth at 22°C. Killed in a quarter 
of an hour at 60®(^ 

Non-pathogenic for mice. 

No toxin and no hemolysin. 

Strict anaerobe. 

Distinctive characters: X'either gas 
nor fetid odor produced. Small size. 

Source: Gangrene of the lung; lochia 
and uterus in puerperal sepsis; ap¬ 
pendicitis. 

Habitat: Mouth and intestine of man 
and animals. 

22. Streptococcus parvulus Weinberg, 
Nativelle and Pr6vot. (Streptococcus 
parvulus non liquefaciens Repaci, Conipt. 
rend. Soc. Biol., Paris, 68^ 1910, 528; 
Weinberg, Nativelle and Pr6vot, Les 
Microbes Ana4robies, 1937, 1011; not 
Streptococcus parvulus Levinthal, Cent. 


f. Bakt., I Abt., Grig., 106, 1928, 195.) 
From Latin parvulus, very small, minute. 

Small spheres: .\verage size 0.3 to 0.4 
micron, occurring in short chains, some¬ 
times in pairs. Non-motile. Gram¬ 
positive. 

Gelatin: At 37®C slow growth, culture 
at bottom of the tube; no gas. No lique¬ 
faction. 

Deep glucose agar colonies: After 48 
hours very tiny, lenticular, whitish. Old 
colonies become blackened. No gas pro¬ 
duced. 

Broth: Rapid turbidity. Sediment 
forms in 5 or 6 days as a w'hitish, mucous 
mass which clears the fluid. No gas. 
Faint disagreeable odor. 

Indole not formed. 

Milk: Coagulation in 24 hours. 

Egg w'hite not attacked. 

Feebly attacks glucose and lactose. 
Does not attack sucrose, galactose and 
dextrin. 

Optimum temperature 37®C. No 
growth at room temperature. Will grow 
at 41®C. 

Strict anaerobe. 

Distinctive characters: Differs from 
Streptococcus micros by its black colonies, 
coagulation of milk and its feeble sac- 
charolytic power. Differs from Strepto¬ 
coccus intermedius by its black colonies, 
the snmllness of its elements, feeble sac- 
cha roly tic power and the viscous sedi¬ 
ment in broth. 

Source: Respiratory tract. 

Habitat: Unknown. 

Veillon and Repaci identified this or¬ 
ganism as Streptococcus micros, but 
Weinberg, Nativelle and Pr^vot consider 
it as a distinct species, although rare. 

23 Streptococcus intermedius Pr4vot. 
(Ann. Inst. Past., S9, 1925, 439.) From 
Ijatin intermedius, intermediate. 

Description taken in part from Pr4vot, 
Ann. Sci. Nat., S4r. Bot., 15, 1933,197. 

Spheres: 0.5 to 0.7 micron, very long 
chains in culture. Non-motile. Gram¬ 
positive. 
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Gelatin: Poor growth. No lique¬ 
faction. 

Senii-solicl agar (Veillon): After 24 
hours colonies 1 to 2 mm in diamctor, reg¬ 
ular, lenticular; sumelimes with complev 
processes. 

Blood agar: No change or slight 
greening. 

Martin .broth: Rapid growth. Uni¬ 
form turbidity which slowly settles. 

Martin glucose broth: Abundant 
growth. Abundant sediment. Medium 
strongly acidified. 

Peptone water: Particulate sediment. 
Milk: Very acid. Coagulated in 24 
hours, without retraction of clot and not 
peptonized. 

Scrum broth (1:2): Rapid growth. 
Coiigulation by acidification. 

Proteins not attacked. 

Neutral red broth: Changed to fluores¬ 
cent yellow. 

Acid from glucose, fructose, galactose, 
maltose and lactose. Acid from sucrose 
by some strains. The acid produced Ls 
lactic acid. No acid from arabinose, 
glycerol, nruinnitol, dulcitol, inulin or 
starch. 

Optimum pH 6.0 to 8.5. 

Temperature relations: Optimum 36® 
to 38°C. Poor growth at 26®(.\ No 
growth below 22'C. Killed in half an 
hour at 70°C or in ton ininute.s at 80°C. 

Pathogenic for guinea pigs and mice, 
causing small ab.sco<<.sc.s; sometimes kills 
in 48 hours. 

No toxin and no hemolysin. 

Strict anaerobe. 

Distinctive characters: Strongly acidi¬ 
fies media. Coagulates milk. 

Source: Ix>chia and uterus in puerperal 
sepsis; gangrene of the lung; pleurisy; 
bronchiectasis; appendicitis. 

Habitat: Human respiratory and di¬ 
gestive tracts and vagina. 

24. Streptococcus evolutus Pr^vot. 
(StrepiococciiH Sch., Graf and Wittneben, 
Cent. f. Bakt., I Abt., Grig., 39t 1625, 
443; Streptococcus Schwarzenbeck, Ford, 
Textb. of Bact., 1927,455; also see Weiss 


and Mercado, Jour. Inf. Dis., 

1938, 181.) From Latin evolutus, un¬ 
rolled. 

Description taken in piirt from Pr6vot, 
Ann. Sci. N:it , Sf‘r. Bot., 15, 1933, 
196. 

Spheres: 0.7 to 1.0 micron, average 0.7 
micron, occurring in pairs or in short and 
long chain.s. Pleomorphic. Often ap¬ 
pear as short ovoid rods wdth rounded 
ends. Gram-ix)sitive. 

Gelatin. Liquefaction. 

Deep agar colonies: Lenticular or 
rosettes. Growth occurs alx)ut 1 cm 
beneath the surface; after a transfer the 
second gene nit ion may show a ring of 
growth in the middle of this sterile zone. 
This is the characteristic alternate zones 
appearance, (-olonics usually become 
brownish with age. 

Glucose bnith- Abundant growth, re- 
.N’cmbling breail crumbs. Medium 
strongly acidified (pH 5). .V small quan¬ 
tity of lactic acid produced. 

Peptone broth - Rapid growth. No 
general turbidity. Precipitating floccu- 
Icnt grow th on the wall of the tube. 

Blood agar: No change, sometimes 
greening. 

Peptone water: Floceulent growth. 
No turbidity. Indole not formed. 

Litmus milk: .Acid. Curdled in 24 
hours, clot retracts and fragments. 
Slight j)optonization with some strains. 

Strongly acid in glucose, fructose, 
galactose, sucrose, lactose and maltose. 
Arabinose sometimes fermented. 

Kgg white not attacked. 

Pathogenicity: Most strains not pa¬ 
thogenic, some produce slight local sw-ell- 
ing subcutaneously w'ith little pus in 
guinea pigs and mice. 

Optimum pH 6.0 to 8.5. 

Optimum temperature 36® to 38®C. 
No grow th below' 22®C. 

Strict anaerobe at first, becoming facul¬ 
tative with subsequent transfers. 

Viability short aerobically and several 
months anaerobically* 

Distinctive characters: Growth in al- 
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temate zones in agar. Strict anaerobe 
at first, later microaerophilic. 

S 9 urce: 'Skin abscess; appendicitis. 

Habitat: Respiratory tract, mouth, 
vagina. 

Appendix I: Descriptions of poorly de¬ 
fined species, the taxonomic relation¬ 
ships of which are not clear. 

1. Streptococcus sp. Long and Bliss. 
(Minute beta hemolytic streptococcus, 
Long and Bliss, Jour. Exp. Med., 60^ 
1934, 619; Long, Bliss and Walcott, ibid.f 
633.) 

Minute cocci, half to two-thirds the size 
of Streptococcus pyogenes ; occurring 
singly, in pairs, short chains and in small 
and large masses. Gram-positive, but 
may decolorize readily. 

Blood agar: Very minute colonies 18 
to 30 microns, surrounded by a marked 
area of hemolysis (beta), easily visible 
before the colony is seen by naked eye, 4 
to 10 times the diameter of the colony. 
Under the microscope colonies are finely 
granular, may appear wrinkled and 
crenated. Colonies become visible after 
48 to 96 hours incubation and relative 
area of hemolysis is 3 to 4 times diameter 
of colony. 

Gelatin: Not liquefied. 

Glucose broth: Growth diffuse, 
abundant. 

Litmus milk: Not curdled; litmus not 
reduced. 

Acid from glucose, maltose and su¬ 
crose; may or may not attack lactose, 
trehalose and salicin. No acid from 
arabinose, rafiinose, inulin, glycerol, man¬ 
nitol or sorbitol. 

Docs not hydrolyze sodium hippurate 
and starch. Esculin is hydrolyzed. 

Ammonia is produced from peptone. 

Temperature relations: No growth at 
10®C, very rarely growth at 45®C. Does 
not survive 60®C for 30 minutes. 

Chemical tolerance; Does not tolerate 
6.5 per cent NaCl. Final pH in glucose 
broth 5.4 to 4.6; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tolerated. 
No growth on 40 per cent bile-blood agar. 


Action on blood: Hemolysis marked 
before colony is visible. May not pro¬ 
duce soluble hemolysin by ordinary meth¬ 
ods but does so abundantly by appropriate 
methods. 

Fibrinolysin: No solution of human 
fibrin. 

Serology: Constitutes Group P of 
Lancefield and Hare (Jour. Exp. Med., 
61, 1935, 335). Four serological types 
within the group (Bliss, Jour. Bact., 55, 
1937, 625). 

Aerobe, facultative anaerobe. 

Source : Human throat in health and 
disease, accessory sinuses, abscesses, 
vagina, skin and feces. 

Habitat: Human upper respiratory 
tract. 

2. Streptococcus sp. Long and Bliss. 
(Group II, Long and Bliss, Jour. Exp. 
Med., 60, 1934, 633; Group G, Lancefield 
and Hare, Jour. Exp. Med., 61, 1935, 
346; Bliss, Jour. Bact., 55, 1937, 625.) 

Probably identical with Streptococcus 
anginosus Andrewes and Horder (Lancet, 
5,1906, 712) but probably other serolog¬ 
ical types are included in this group 
(Sherman, Bacteriological Reviews, /, 
1937, 40). 

Spheres: Gram-positive. 

Gelatin: Not liquefied. 

Litmus ^milk: Acid, may be curdled, 
not reduced. 

Acid from glucose, maltose, sucrose, 
trehalose and salicin; usually acid from 
lactose, and may or may not from rafii¬ 
nose and glycerol. Nb acid from arab¬ 
inose. inulin, mannitol or sorbitol. 

Sodium hippurate usually not hydro¬ 
lyzed. May hydrolyze starch and 
esculin. 

Ammonia is produced from peptone. 

Temperature relations: No growth at 
10®C and usually not at 45®C. Does not 
survive 60®C for 30. minutes. 

Chemical tolerance: Docs not tolerate 
6.5 per cent NaCl. Final pH in glucose 
broth 6.0 to 4.6; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tol- 
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erated. May grow on 40 per cent bile- 
blood agar, growth in 10 per cent bile. 

Action on blood: Hemolytic (beta) 
with a wider zone than minute beta 
hemolytic streptococcus. Soluble hemol¬ 
ysin formed. 

Fibrinolysis: May dissolve human 
fibrin, certain strains strongly, others 
weakly. 

Serology: Constitutes Lancefield’s and 
Hare’s Group G. Bliss {loc. cii.) has 
shown serological Types I and II within 
the group. May include serological Type 
16 of Griffith (Jour. Hyg., 1934, 
5-12). Those resembling Streptococcus 
awjifwsus seem to form a homogeneous 
type; others seem unrelated to it. 

Aerobic, facultative anaerobe. 

Source: Human nose, throat, vagina, 
skin and feces in health. In huimin dis¬ 
ease in puerperal fever with staphylo¬ 
coccus. Throat of normal domestic ani¬ 
mals and in animal infections probably 
as secondary invaders. 

Habitat: Human upper respiratory 
tract and vagina. Possibly throat of 
domestic animals. 

3. Streptococcus sp. Brown, Frost and 
Shaw. (Jour. Inf. Dia., 38, 1926, 381; 
Lancefield, Jour. Exp. Med., 67, 1933, 
571.) 

Belongs to Lance field Group E. 

Gelatin: Not liquefied. 

Litmus milk: Not curdled and not re¬ 
duced. 

Acid from glucose, lactose, trehalose 
and sorbitol; may form acid from sucrose, 
glycerol, mannitol and salicin. No acid 
from arabinose, raffinose or inulin. 

No hydrolysis of sodium hippurate; 
may hydrolyze starch and esculin. 

Ammonia is produced from peptone. 

Temperature relations: No growth at 
10®C and 45®C. Does not survive 60®C 
for 30 minutes. 

Chemical tolerance: Docs not tolerate 
6.5 i)er cent NaCl. Final pH in glucose 
broth 4.8 to 4.2; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tolerated 


and not reduced. No growth on 40 per 
cent bile-blood agar, nor on 10 per cent bile. 

Action on blood: Very hemolytic; 
strains reported by Plastridge and 
Hartsell (Jour. Inf. Dis., 61, 1937, 110) 
weakly hemolytic. Streptolysin pro¬ 
duced and outstandingly acid stable 
(Todd, Jour. Path, and Bact., 39, 1934, 
299). 

Fibrinolysin: No solution of human 
fibrin. 

Serology: Lancefield Group E, some 
cross reaction with Group C. 

Aerobe, facultative anaerobe. 

Source: Certified milk; bovine udder. 

Habitat: Probably in udder and dairy 
products. 

4. Streptococcus sp. Hare. (Group 
II, Hare, Jour. Path, and Bact., 
1935, 499.) 

Spheres: Gram-positive. 

Blood agar: Small colonies, 0.7 to 0.9 
mm, smooth surface, greenish color tend¬ 
ing to blacken, hard, almost gritty and 
adherent to the medium. Hemolysis 
seldom complete except on Brown’s 
horse blood agar. On boiled blood agar 
definite greening and so different from 
Groups E, F and K. 

Litmus milk; Not curdled and not 
reduced. 

Acid from glucose, maltose, sucrose, 
raffinose and salicin; acid may be formed 
from lactose and trehalose. No acid from 
arabinose, inulin, glycerol, mannitol or 
sorbitol. 

No hydrolysis of sodium hippurate and 
starch, but may hydrolyze esculin. 

Ammonia may or may not be produced 
from peptone. 

Temperature relations: No growth at 
10®C. Growth at 45®C. May survive 
60^0 for 30 minutes. 

Chemical tolerance: Does not tolerate 
6.5 per cent NaCl. Final pH in glucose 
broth 5.0 to 4.5; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tolerated. 
No growth on 40 per cent bile-blood agar. 

Action on blood: Hemolysis incomplete 
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and some greening. No soluble hemol* 
ysin. 

Fibrinolysin: No solution of human 
fibrin. 

Serology; Group H. 

Aerobe, facultative anaerobe. 

Source: Human throat and feces. 

Habitat; Human throat. 

5. Streptococcus sp. Hare. (Group 
K, Hare, Jour. Path, and Bact., 

1935, 499.) 

Spheres: Gram-positive. 

Blood agar: Colonies 0.8 to 1.3 mm, 
moist and transparent, with crenated 
edges. Incomplete hemolysis and no 
alpha-prime appearance. 

Acid from glucose, lactose and salicin; 
may form acid from trphalose (doubtful). 
No acid from mannitol or sorbitol. 

Does not hydrolyze sodium hippurate. 

Chemical tolerance: Final pH in glu¬ 
cose broth 5.1 to 5.4. Docs not grow on 
10 per cent and 40 per cent bile-blood 
agar. 

Action on blood: Incomplete hemol¬ 
ysis ; does not produce soluble hemolysin. 
Doubtful if truly hemolytic strepto¬ 
coccus. 

Fibrinolysin: Does not dissolve human 
fibrin. 

Serology: Group K. 

Aerobe, facultative anaerobe. 

Source: Human throat. 

Habitat: Human throat. No indica¬ 
tion of relation to disease. 

6. Streptococcus acidominimus Ayers 
and Mudge. (Ayers and Mudge, Jour. 
Inf. Dis., Si, 1922, 40; 35, 1923, 155.) 
From M. L., derived to mean a minimum 
amount of acid. 

Description taken from Smith and 
Sherman, Jour. Inf. Dis., 65, 1939, 301. 

Spheres: Generally occur in short 
chains. Gram-positive. 

Gelatin stab: Filiform, beaded growth. 
No liquefaction. 

Plain nutrient agar: Small round white 
colonies. 


Acid from glucose, lactose and sucrose. 
May form acid from maltose, trehalose, 
and mannitol. Sorbitol and salicin 
usually are not fermented. No acid from 
arabinose, xylose, raffinose, inulin and 
glycerol. 

Sodium hippurate is hydrolyzed but 
not starch. 

Carl>on dioxide is produced from a 4 per 
cent peptone-infusion broth. 

Litmus milk; Little or no visible 
change. 

Ammonia is not produced from 
peptone. 

Temperature relations: No growth at 
10®C. A few cultures grow at 45®C. 
Do not survive 60°C for 30 minutes. 

Chemical tolerance: No growth in .01 
per cent methylene blue Growth in 2 
per cent but not in 6.5 per cent NaCl. 
Final pH in glucose broth 6.5 to 5.6. 
No growth at pH 9.6. 

Action on blood: No hemolysis, slight 
greening (alpha). 

Serology: Negative reaction with 
scrums representing Lancefield groups A, 
B,C,D,E,FandG. 

Facultative anaerobe. 

Distinctive clmracter: Small amount 
of aridity developed in fermentation 
tests. 

Source: Originally 12 cultures were 
isolated from freshly dmwn milk. Also 
found in bovine vagina, occasionally in 
the udder, and on the skin of calves. 

Habitat: Known to occur abundantly 
in the bovine vagina. 

The relationship between Streptococcus 
uberis Diernhofer and other similar strep¬ 
tococci is not yet entirely clear. Smith 
and Sherman (Jour. Inf. Dis., 65, 1939, 
301-305) at one time thought that Strep- 
tococcus uberis and Streptococcus aci¬ 
dominimus might be identical. Others 
have regarded Streptococcus uberis as 
identical with Group III, Minett (Proc. 
12th Internat. Vet. Cong., 3, 1934, 511). 

Brown (Proc. 3rd Internat. Cbng. for 
Microbiol., 1940, 173) describes a new 
species, Streptococcus lentus (not Strep- 
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tococcus lentus Lehmann, Deutsch. 
Arch. f. klin. Med., 160, 1926,144) which 
belongs to serological group £. He states 
that a few strains that produced the alpha 
appearance in blood agar corresponded 
culturally with Streptococcus nheris 

Later Sherman (personal communica* 
tion) liad an opportunity to determine 
the serological group of several cultures 
of Streptococcus uheris carefully identi¬ 
fied by R. B. Little and found them to 
belong to Group D. While their char¬ 
acters were not exactly the same as the 
conventional Streptococcus faecalis, he 
feels that these cultures of Streptococcus 
uberis were only a variant type of Strep- 
tococcus faecalis- 

Appendix II.* The following species 
of streptococci are listed chiefly because 
of their historical interest. In many 
cases the original cultures are lost and 
their exact taxonomic relationships have 
not been determined. 

Bacterium acetylcholini Habs. (Cent, 
f. Bakt., II Abt., 97, 1937, 194.) From 
ensilage. Regarded as a stable type of 
Enterococcus. 

Diplococcus homhycis Paillot. (An- 
nales des £piphyties, 8, 1922, 131.) 
From the silkworm (Bombyx mori ). 

Diplococcus liparis Paillot. (Annales 
des £piphyties, 8, 1922, 122.) From 
larvae of the gypsy moth (Portheria 
(Lymantria) dispar). 

Diplococcus lymantriae Paillot. 
(Compt. rend. Acad. Sci., Paris, 16i, 
1917, 626.) From larvae of the gypsy 
moth {Portheria {Lymantria) dispar). 

Diplococcus melolonthae Paillot. 
(Compt. rend. Soc. Biol., Paris, 69, 
1917,57; Annales des fipiphyties, 8, 1922, 
118.) From diseased larvae of cock¬ 
chafers {Melolontha melolontha). 

Diplococcus pieris Paillot. (Annales 
des Epiphytes, 8, 1922, 128.) From dis¬ 
eased caterpillars of the cabbage buttc**- 
fly {Pieris brassicae). 

Diplococcus scarlatinas sanguinis 


Jamieson and Kdington. (Brit. Med. 
Jour., 1, 1887, 1265.) From the desqua¬ 
mation and blood of scarlet fever patients. 

Enterococcus citreus Stutzer and Wso- 
row. (Cent. f. Bakt., II Abt., 71, 1927, 
117.) From normal pupae of a moth 
(Enxoa segetum). 

Lactococcxts agglutinans Plevako and 
Bakushinskaia. (Microbiology (Rus¬ 
sian), 4.1935,523; abst. in Cent. f. Bakt., 
II Abt., 94, 1936, 64.) Agglutinates 
baker's yeast. 

Streptobacillus malac Goadby. (Jour. 
State Med. London, SO, 1922,417; Strepto¬ 
coccus malae Thomson and Thomson, 
.Vnn. Pickett-Thomson Res. Lab., 6, 
1929, 22.) From the mouth. An aber¬ 
rant streptococcus. 

Streptococcus abortus-equi Hauduroy et 
al. {Streptococcus abortus equi Ostertag, 
Monatsh. f. Tierheilk., 19, 1900, 384; 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 508.) From aborting mares. 

Streptococcus acididactici Chester. 
{Sphaerococcus acidi tact id Marpmann, 
Erganzungshefte d. allegemcine Gesund- 
heitspflege, 2,1886,121; not Streptococcus 
acidi lactici Grotenfeldt, Fortschr. d. 
Med., 7, 1889, 124; Micrococcus lacticus 
Migula, Syst. d. Bakt., 9, 1900, 66; (vhes- 
ter, Man. Determ. Bact., 1901, 65.) 
From fresh milk. 

Streptococcus aerobius Heurlin. (Bakt. 
Untersuch. d. Keimgehaltes im Genital- 
kanale der fiebernden Wochnerinnen, 
Helsingfors, 1910, 60.) From the genital 
canal. 

Streptococcus aerogenes Wirth. (Cent. f. 
Bakt., I Abt., Orig., 99,1926,290.) From 
human blood. An aerobic species which 
produced gas in deep glucose agar. 

Streptococcus aerophilus Trcvisaii. (I 
generi e le specie delle Batteriacee, Milan, 
1889, 31; not Streptococcus aerophilus 
Heurlin, Bakt. Untersuch. d. Keimge- 
haltcs im Genitalkanale der fiebernden 
Wochnerinnen, Helsingfors, 1910, 62.) 
From air. 


* Prepared by Miss Eleanorc Heist, July, 1938; revised by Prof. Robert 8. Breed, 
New York State Experiment Station, Geneva, New York, February, 1944. 
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Streptococcus alactoeua Smith and 
Brown. (Jour. Med. Res., 5/, 1916, 455; 
Rockefeller Inst, for Med. Res., Mono¬ 
graph 9, 1919; Streptococcus haemolyticus 
II, Holman, Jour. Med. Res., 34, 1916, 
377.) From human tonsillitis; peritoneal 
pus. See Manual, 5th ed., 1939, 352 for 
description of this species. 

Streptococcus albicans Migula. 
(Schminkcweisser Streptococcus, Tata- 
roff, Inaug. Diss., Dorpat, 1891, 69; Mig¬ 
ula, Syst. d. Bakt., 3^ 1900, 22.) From 
water. 

Streptococcus alhidus Henrici. (Arb. 
bakt. Inst. Karlsruhe, i. Heft 1,1894,53.) 
From Cantal cheese. 

Streptococcus albus Sternberg. (Weis- 
ser Streptococcus, Maschek, Bakt. Unter- 
such. d. Leitmeritzer Trinkwasser, Jahr- 
esbcr. d. Oberrealschule zu Leitmeritz, 
1887; Sternberg, Man. of Bact., 1893,610; 
Micrococcus albus Mac4, Traits pratique 
de Bact., 6th ed., 1912, 605.) From 
water. 

Streptococcus allantoicus Barker 
(Jour. Bact., 4^, 1943, 251.) From black 
mud, San Francisco Bay. 

Streptococcus alvearis (Preuss) Trevi- 
san. {Cryptococcus alvearis Preuss, 1868; 
Trevisan, I gcncri e Ic specie delle Bat- 
teriacee, 1889, 31.) From an infection 
(foulbrood?) in bees. 

Streptococcus ambratus T re visan. (Mi- 
crococco ambrato, Perroncito and Ajroldi, 
Giornale d. r. Accad. d. Med. d. Torino, 
48, 1885,809; Trevisan, I generi e le specie 
delle Batteriaccc, 1889, 30.) From the 
respiratory tract of a horse. 

Streptococcus anhaemolyticus Roily. 
(Streptococcus anhaemolyticus vulgaris 
Zangemeister, Mtinch. mcd. Wochnschr., 
67, 1910, 1268; Roily, Cent. f. Bakt., I 
Abt., Orig., 6t, 1912, 90.) Synonym of 
Streptococcus saprophyticus Mandelbaum 
(Ztschr. f. Hyg., 68, 1907, 37; see Brown, 
Monograph No. 9, Rockefeller Inst. Med. 
Res., 1919,87). From vaginal secretions, 
milk and saliva. 

Streptococcus aphthicola Trevisan. (I 
generi e le specie delle Batteriacee, 1889, 


30.) From the lesions of foot and mouth 
disease of cattle. 

Streptococcus aromaticus van Beynum 
and Pette. (Directie Landbouw. Vers- 
lag. Landbouwk. Onderzoek., 4^, 1936, 
360; also see Hoedker and Hammer, Iowa 
Agr. Exp. Sta. Res. Bull. 290,1941,317.) 
Produces diacetyl and small amounts of 
acetylmethylcarbinol in milk. From 
cream and butter. 

Streptococcus articulorum Fltigge. 
(Die Mikroorganismen, 2 Aufl., 1886, 
153.) Associated with diphtheria. 
Trevisan (I generi e le specie delle Bat- 
teriacco, 1889,30) considers thb identical 
with Streptococcus diphteriticus Cohn 
(Beitr. z. Biol d. Pflanz., 1, Heft 2,1872, 
162). 

Streptococcus asalignus Frost, Gumm 
and Thomas. (Jour. Inf. Dis., 40, 1927, 
703.) From milk. 

Streptococcus aurantiacus Killian and 
Fehdr. (Ann. Inst. Past., 66, 1935,619.) 
From Sahara Desert soil. 

Streptococcus bombyeis Sartirana and 
Paccanaro. (Cent. f. Bakt., I Abt., 
Orig., 40, 1906, 331; probably not Strep¬ 
tococcus bombyeis Zopf, Die Spaltpilze, 
2 Au6., 1884, 52.) From diseased silk 
worms (Bombyx mori). According to 
Paillot (Les maladies du ver soie, Lyon, 
1928, 171) this is the same as Streptococ¬ 
cus pastorianus Krassilstschik. 

Streptococcus bonvicini Chester. 
(Streptococcus deHa leucaemia, Bonvi¬ 
cini, Cent, f. Bakt., I Abt., 31, 1897,211; 
Chester, Man. Determ. Bact., 1901, 69.) 
From a case of leucaemia in a dog. 

Streptococcus bovinus Trevisan. (Mi¬ 
crococcus bovinus Trevisan, Rendiconti 
Reale Inst. Lombardo di Sci. e Lett., Ser. 
II, 13, 1879; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 30; not Micro¬ 
coccus bovinus Migula, Syst. d. Bakt., 3 , 
1900,67; not Streptococcus bovinus Broad- 
hurst, Jour. Inf. Dis., 17, 1915, 321; not 
Streptococcus bovinus Frost and Engel- 
brecht. The Streptococci, 1940, 56.) 
From human throat; bovine, equine, 
feline and canine feces. 

Streptococcus brevis von Lingelsheim. 
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(Ztschr. f. 339 and 354.) 

Not pathogenic. From various human 
and animal sources. 

Streptococcus brevis non hemolyiicus 
Sachs. (Ztschr. f. Hyg., 55, 1909, 466.) 
From tonsils, vagina and vulva. 

Streptococcus brighiii DeToni and 
Trevisan. (Streptococcus bei Morbus 
9rightii, Mannaberg, Cent. f. klin. Med., 
5, 1888, 537; DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1057; Streptococcus morbi brighiii Migula, 
Syst. d. &kt., 5, 1900, 28.) From urine 
of persons suffering from Bright’s disease. 
Probably identical with Streptococcus 
pyogenes. 

Streptococcus buccal is Blake. (Jour. 
Med. Res., 55, 1917, 124.) From the 
mouth. Proposed to include both Strep- 
toeoccus mitis and Streptococcus sali- 
varius. 

Streptococcus butyricus (Fitz) DeToni 
and Trevisan. (Micrococcus butyricus 
Fitz, Ber. d. deutsch. chem. Gesellsch., 
Denaeyer Bact. schizorn., p. 35; DeToni 
and Trevisan, in Saccardo, Sylloge Fun¬ 
gorum, 5, 1889, 1064.) From bovine 
feces. Forms butyric acid from calcium 
lactate. 

Streptococcus cadaveris Sternberg. 
(Man. of Bact., 1893,611.) From liver of 
yellow fever cadaver. 

Streptococcus caprinus Emoto. (Jour. 
Japan. Soc. Veter. Sci., 5, 1924, 67.) 
From the cerebro-sphial fluid of goats. 
Pathogenic for goats. 

Streptococcus capsulatus Hauduroy et 
al. (Streptococcus capsulatus gallinarum 
Dammann and Manegold, Deutsche tier- 
arztl. Wochnschr., /5, 1905, 577 and 
Arch. f. Tierheilk., 55, 1907, 41; Haudu¬ 
roy et al., Diet. d. Bact. Path., 1937, 511; 
not Streptococcus capsulatus Binaghi, 
Cent. f. Bakt., I Abt., 55, 1897, 273.) 
Causes a disease of chickens. 

Streptococcus cameus Migula. (Micro¬ 
coccus?, List, Inaug. Diss., Leipzig, 1885, 
49; Migula, Syst. d. Bakt., 5, 1900, 36.) 
From the stomach of a sheep. Probably a 
micrococcus. 

Sireptoeoceus eatnis Chester. (DiplO' 


coccus, Harrevelt, Cent. f. Bakt., I Abt., 
55, 18^, 121; Chester, Man. Determ. 
Bact., 1901, 60.) From meat. 

Streptococcus carrosus Lindner. (50 
Jubil&umsber. Westpreuss. Bot.-Zool. 
Vereins, Danzig, 1928,254.) From Mexi¬ 
can pulque. 

Streptococcus casei Burri. (Berichte 
d. Schweiz. Bot. Gesellsch., 61 ^ 1940, 
102.) From Emmenthal cheese. 

Streptococcus caucasicus Migula. 
(Streptococcus a, von Freudenreich, 
Cent. f. Bakt., II Abt., 5, 1897, 87; 
Migula, Syst. d. Bakt., 5, 1900, 42.) 
From kefir. Possibly related to Strepto¬ 
coccus kefir. 

Streptococcus cerasinus (Lehmann and 
Neumann) Migula. (Micrococcus?, List, 
Inaug. Diss., Leipzig; 1885, 17; Kirsch- 
roter Micrococcus, Adametz, Mitteil. d. 
osterreich. Versuchssta. f. Brauerei u. 
Malzerei in Wien, Heft 1,1888,33; Micro¬ 
coccus cerasinus siccus Eisenberg, Bakt. 
Diag., 3 Aufl., 1891,34; Micrococcus cera¬ 
sinus Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 5,1896,179; Migula, Syst. 
d. Bakt., 5, 1900, 35; not Micrococcus 
cerasinus Migula, ibid.t 170.) From na¬ 
sal secretions in a sheep; also from water. 

Streptococcus charrini Trevisan. (Mi¬ 
crobe de la septic6mie consecutive au 
charbon, Charrin, Compt. rend. Soc. 
Biol., Paris, 55, 1884, 526; Streptococcus 
Cliarrin, Fltigge, Die Mikroorganismen, 2 
Aufl., 1886, 164; Trevisan, I generi e le 
specie delle Batteriacee, 1889,30.) From 
the organs of a rabbit having anthrax. 

Streptococcus cinereus Zimmermann. 
(Bakt. unserer Trink- u. Nutzwasser, 
Chemnitz, II Reihe, 1894, 64.) From 
water. 

Streptococcus citreus (Eisenberg) Mig¬ 
ula. (Micrococcus?, List, Inaug. Diss., 
Leipzig, 1885, 60; Cremefarbiger Micro¬ 
coccus, Adametz, Mitteil. d. osterreich. 
Versuchssta. f. Brauerei u. Malzerei in 
Wien, Heft 1, 1888, 31; Micrococcus cit¬ 
reus Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
36; Migula, Syst. d. Bakt., 5,1900,37; not 
Streptococcus citreus Weiss, Arb. bakt. 
Inst. Karlsruhe, 5, Heft 8, 1902, 179.) 
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From the pancreas of a sheep (List); from 
water (Adametz), 

Streptococcus citrophilus van Beynum 
and Pette. (Directie Landbouw. Vers¬ 
ing. Landbouwk. Ondcrzoek., 4^^ 1936, 
360; also see lloecker and Hammer, Iowa 
Agr. Exp. Sta. Res. Bull. 290, 1941, 317.) 
Produces diacetyl, acetylmethylcarbinol 
and volatile acids from citric acid. From 
cream and butter. 

Streptococcus coli Migula. (Strepto¬ 
coccus coli brevis tlscherich, Die Darm- 
bakterien des Sftuglings und ihre Bezieh- 
ungen zur Physiologic der Verdauung, 
1886, 86; Migula. Syst. d. Bakt., 2, 1900, 
33.) From stools in cases of infant diar¬ 
rhoea. 

Streptococcus continuosus Black. 
(Trans. Ill. State Dental Soc., 22, 1886, 
189.) From the mouth. 

Streptococcus coronatus (Fliiggc) Trcvi- 
san. (Micrococcus coronatus Flugge, Die 
Mikroorganismen, 2 Aufl., 1886, 175; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 31.) From the air. 

Streptococcus cuniculi Bcrgey ct al. 
(Manual, Ist ed., 1923, 50.) From natu¬ 
ral infections of rabbits. Morphologi¬ 
cally like Streptococcus pyogenes. 

Streptococcus cystitidis Migula. (Dip- 
lococcus ureae pyogenes Rovsing, Die 
Blasenentzundungen, ihre Actiologie, 
Pathogencse und Behandlung, 1890, 39; 
Migula, Syst. d. Bakt., 2, 1900, 12.) 
From a case of cystitis. 

Streptococcus debilis Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, 5,1903,13.) From 
meat extracts. 

Streptococcus dcntium (Trevisan) 
Trevisan. (Micrococcus dentium Trevi- 
can, Batt. Ital., 1879 , 27; Micrococcus 
foetidus Fli’iggc, Die Mikroorganismen, 2 
Aufl., 1886, 172; Trevisan, I generi c le 
specie delle Batteriacee, 1889,30.) From 
carious teeth. Grows anaerobically in 
nutrient agar with the production of gas 
and strong odor. 

•Streptococcus desidens Trevisan. (Mi¬ 
crococcus flavus desu/ews FlUgge, Die 
Mikroorganismen, 2 Aull., 1886, 177; 
Trevisan, I generi e le specie delle Bat¬ 


teriacee, 1889, 31; Micrococcus desidens 
Migula, Syst. d. Bakt.. 2, 1900, 143.) 
From the air. 

Streptococcus diacetilactis Matuszew- 
ski, Pijanowski and Supinska. * (Compt. 
rend. Inst. Bact. ficole Cent. Agron., 
Varsovie, Poland, No. 21,1936,1.) From 
milk. Probably Streptococcus cremoris 
Orla-Jensen. 

Streptococcus diacetyl aromaticus. 
(Quoted from Karnad, Indian Jour. Vet. 
Sci., P, 1939, 349.) From milk. Pro¬ 
duces an aroma in milk cultures. 

Streptococcus disparis Glaser. (Jour. 
Agr. Res., IS, 1918, 515.) From the ali¬ 
mentary canal of caterpillars. 

Streptococcus endocarditicus DeToni 

and Trevisan. (Mikrokokken, Klebs, 
Arch. f. exper. Pathol., 9, 1878, 52; 
DeToni and Trevisan, in Saccardo, Syl- 
loge Fungorum, 8, 1889, 1057.) From 

cases of endocarditis. 

Streptococcus enteritidis Chester. 

(Enteritisstreptokokken, Escherich, 
Jahrb. f. Kinderhcilk., 49, 1899, 161; 
Chester, Man. Determ. Bact., 1901, 59.) 
From cases of enteritis. 

Streptococcus enteritis Chester. 

(Streptococcus, Hirsh, Cent. f. Bakt., I 
Abt., 22, 1897,372 and Libman, ibid., 376; 
Chester, Man. Determ. Bact., 1901, 56; 
Streptococcus enteritis var. libmanii Ches¬ 
ter, ibid., 66.) From stools in cases of 
infant diarrhoea. 

Streptococcus equarius Frost and En- 
gelbrecht. (.\ Revision of the Genus 
Streptococcus, privately published, 1936, 
3 pp. and The Streptococci, 1940, 65.) 
From a throat culture. 

Streptococcus equtnus Lehmann and 
Neumann. (Streptokokken die sich zu 
* grossen Konvaluten zusammenballen, 
Behring, Cent. f. Bakt., 12, 1892, 194; 
Lehmann and Neumann, Bakt. Diag., 
1 Aufl., 2, 1896, 125.) From equine 
pneumonia. Relation to Streptococcus 
equinus Andrewes and Horder not clear. 

Streptococcus felinus Bergey et al. 
(Manual, 1st ed., 1923, 50.) From natu¬ 
ral infections in cats. Morphologically 
like Streptococcus pyogenes. 
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Streptococcus fermenti (Trevisan) 
Trevisan. (Micrococcus fermenti Trevi- 
san, Batt. Ital., 1879, 19; Micrococcus 
viscosus Fltlgge, Die Mikroorganismen, 2 
Aufl., 1886, 172; Trevisan, 1 generi e le 
specie delle Batteriacee, 1889,31.) From 
a slimy growth in wines. 

Streptococcus fischeli Chester. (Mi- 
croorganismus No. 2, Fischel, Ztschr. f. 
Heilkunde, 1891, 7and Cent. f. Bakt., 
P, 1891, 611; Chester, Man. Determ. 
Bact., 1901, 59.) From the blood of in> 
fluenza patients. 

Streptococcus foetidus Migula. (Stink- 
coccus, Klamann, Allegem. mcd. Central- 
zeitung, 1887, 1347; Diplococcus.flvores- 
cens foetidus Eisenberg, Bakt. Diag., 
1891,10; Migula, Syst. d. Bakt., 1900, 
38; Streptococcus fluorescens Chester, 
Man. Determ. Bact., 1901, 70; Strepto¬ 
coccus fluorescens foetidus Miquel and 
Cambier, Traits de Bact., Paris, 1902, 
792.) From cases of ozena. 

Streptococcus gallenae Chorine. 

(Compt. rend. Soc. Biol., Paris, 95, 
1926, 201.) From the bee moth (Galleria 
mellonella). 

Streptococcus genitalium Dimock and 
Edwards. (Kentucky Agr. Exp. Sta. 
Res. Bull. 286, 1928, 162.) Found com¬ 
monly in the genital tract of mares. 

Streptococcus giganteus Migula. 

(Streptococcus giganteus urethrae Lust- 
garten and Mannaberg, Vierteljahrsschr. 
f. Dermatologie u. Syphilis, 1887, 918; 
Migula, Syst. d. Bakt., 2, 1900, 39.) 
From human urethra and from urine. 

Streptococcus gingivae, (Quoted from 
Annals Pickett-Thomson Res. Lab., 3, 
1927,154.) From human gums and teeth. 

Streptococcus granulatus Henrici. 

(Arb. bakt. Inst. Karlsruhe, 1, Heft 1, 

1894,55.) From cream cheese. 

Streptococcus haematosaprus Trevisan. 
(Mikrokokken der Faulniss, Flugge, Die 
Mikroorganismen, 2 Aufl., 1886, 173; 
Trevisan, 1 generi e le specie delle Bat¬ 
teriacee, 1889, 31.) From putrefying 
blood. 

Streptococcus halitus Heim and Schlirf. 


(Cent. f. Bakt., I Abt., Orig., 100, 1926, 
39.) From deposit on the tongue. 

Streptococcus havaniensis Sternberg. 
(Man. of Bact., 1893, 612.) From acid 
vomit of a yellow-fever patient. 

Streptococcus hemolyticus I, Hand III 
Holman. (Jour. Med. Res., S4, 1916, 
388.) From various human infections. 

Streptococcus herbarum Schicblich. 
(Cent. f. Bakt., I Abt., Orig., 134, 1932, 
269.) From green plant material. Mo¬ 
tile. Related to Streptococcus lactis 
except it is flagellated. Kolbmuller 
(Cent. f. Bakt., I Abt., Orig., ISS, 1935, 
310) identifies this with Enterococcus. 

Streptococcus hydrophoborum Trevisan. 
(Streptococcus bci Rabies, Babes, Ztschr. 
f. Hyg.,5,1888,184;Trevisan, I generi e le 
specie delle Batteriacee, 1889,30.) From 
the brain in a case of rabies. 

Streptococcus influentiae Trevisan. (I 
generi e le specie delle Batteriacee, 1889, 
30.) From equine influenza. 

Streptococcus influenzae Thomson and 
Thomson. (Grippestreptokokkus, Selig- 
mann. Cent. f. Bakt., I Abt., Ref., 50, 
1911, 81; Thomson and Thomson, Mono¬ 
graph No. 16, Part I, Annals Pickett- 
Thomson Res. Lab., 1933.1 Associated 
with influenza. 

Streptococcus infrequens Holman. 
(Jour. Med. Res., 54i 1916, 388.) From 
various human infections. 

Streptococcus kirchneri Chester. (Dip- 
lococcus, Kirchner, Ztschr. f. Hyg., 9, 
1890, 528; Chester, Man. Determ. Bact., 
1901, 57.) From sputum in cases of 
influenza. 

Streptococcus kochii Trevisan. (I gen¬ 
eri e le specie delle Batteriacee, 1889,30.) 
From rabbit septicemia. 

Streptococcus lacteus Schroter. • (Kryp- 
togam. Flora v. Schlesien, 3, 1, 1886, 
149.) From the air and dust. 

Streptococcus lactis aromaticus Joshi 
and Ram Ayyar. (Indian Jour. Vet. Sci., 
6, 1936, 141.) Possibly Streptococcus 
cremoris Orla-Jensen. From cream. 

Streptococcus lactis innocuus Stdlting. 
(Inaug. Diss., Kiel, 1935, 16.) From 
ripening cheese. 
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Streptococcus lagerheimii var. subter- 
raneum Migula. (Hansgirg, Ocsterr. 
Zeitung, 1888, No. 7 and 8; Migula, Syst. 
d. Bakt,, 1900,41.) From the wall of a 
wine cellar. 

Streptococcus (IHplococcus) lanceolatus 
ovium Gacrtner. (Cent. f. Bakt., I Abt., 
Orig., 64f 1910, 546.) From mastitis in 
sheep. 

Streptococcus lapillus Heim and Schlirf. 
(Cent. f. Bakt., I Abt., Orig., 100, 1926, 
39.) From the oral cavity. 

Streptococcus lentus Lehmann. (Ijeh- 
mann, Deutsch. Arch. f. klin. Med., 160, 
1926, 144; Streptococcus pyogenes lentus, 
ibid., 141; not Streptococcus lentus Brown, 
Rept. Proc. Third Internat. Congr. for 
Microbiol., New York, 1940,173.) From 
urine, cervix, sputum and carious teeth. 

Streptococcus libaviensis Flatzek. 
(Cent. f. Bakt., I Abt., Orig., 82, 1919, 
240; Bacterium libaviense Flatzek, idem.) 
From humiin feces. Motile. 

Streptococcus lucae Trevisan. (J/iV’-o- 
coccus ulceris mollis de Luc^, 1886; Trevi¬ 
san, I gencri e le specie delle Battcriacec, 
1889, 30.) From chancroidal ulcers. 

Streptococcus luteus Killian and Foh^r. 
(Ann. Inst. Past., 65, 1935, 619.) From 
Sahara Desert soil. 

Streptococcus magnus Henrici. (Arb. 
bakt. Inst. Karlsruhe,/, Hefv 1,1894,54.) 
From Brie cheese. 

Streptococcus malaperti Trevisan. (Mi¬ 
crococcus K, Malapert-Neuville, 1887; 
Trevisan, I gencri c le specie delle Bat- 
teriacee, 1889, 30.) From mineral water 
of hot springs at Schlangenbad. 

Streptococcus malignus Trevisan. 
{Streptococcus pyogenes malignus Flugge, 
Die Mikrooiiganismen, 2 Aufi., 1886, 153; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 30.) From a diseased 
spleen. Probably identical with Strepto¬ 
coccus pyogenes. 

Streptococcus mammitis bouis Hutch¬ 
ens. (Hutchens, in Besson, Pract. Bact. 
Microbiol, and ^rum Therapy. Trans, 
of 5th ed., 1013, 613.) From mastitis in 
cattle. 

Streptococcus margaritaceus Schrdter. 


(In Cohn, Kryptog. Flora v. SchJesien, 5, 
1,1886; 149.) From putrefying blood. 

Streptococcus mathersi Muslow. 
(Green producing streptococcus, Tun- 
nicliff. Jour. Amer. Med. Assoc., 71, 
1918, 1733; Mather’s coccus, Jordan, 
.Jour. Inf. Dis., 26, 1919, 30; Muslow, 
ibid., SI, 1922, 295.) From sputum in 
cases of influenza and pneumonia. 

Streptococcus maximus Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
180.) From a bean and carrot infusion. 

Streptococcus melanogenes Schlegel. 
(Berl. tierarztl. Wochnschr., 1906, No. 25, 
464.) Produces grayish-yellow pigment 
in gelatin. Associated with a disease of 
horses. 

Streptococcus meningitidis Bonome. 
(Cent. f. Bakt., 8, 1890, 172 and 703.) 
From exudates from cases of cerebro¬ 
spinal meningitis. 

Streptococcus merdarius Trevisan. 
(Streptococcus des selles, Cornil and 
BaV>es, Bact^riea, 2nd ed., 1886, 118; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 31.) From feces. 

Streptococcus microapoikia Cooper, 
Keller and Johnson. (Amer. Jour. Dis. 
of Children, 4^, 1934, 388 and 596; these 
authors also use the trinomial Strepto¬ 
coccus micro-apoikia enteritis.) From 
human throat and feces in enteritis in 
children. See Manual, 5th ed., 1939. 
351 for description of this species. 

Streptococcus mirabilis Roscoe and 
Lunt. (Phil. Trans. Roy. Soc., London, 
182, 1892, 648.) 

Streptococcus mixtus Bergey et al. 
(Manual, Ist ed., 1923, 49.) From a 
variety of pyogenic inflammations. 

Streptococcus morbilli Ferry and 
Fisher. (Jour. Amer. Med. .Assoc., 86, 
1926, 933.) From blood of persons in 
early stages of measles. 

Streptococcus morbillosus Trevisan. 
{Micrococcus morbillosus Trevisan, Ren- 
diconti Realc Inst. Lombardo di Sci. e 
Lett., Ser. II, 12, 1879; Trevisan, I generi 
e le specie delle Batteriacee, 1889, 30.) 
From human, canine and porcine measles. 

Streptococcus murisepticus v. Lingels 
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heim. (Ztschr. f. H 3 rg., 10, 1891, 331 
and IB, 1892, 308.) Migula (Syst. d. 
Bakt., B, 1900, 6) considers this a syno> 
nym of Streptococcus pyogenes. 

Streptococcus mutans Clarke. (Brit. 
Jour. Exp. Path., 5, 1924, 142.) Shows 
extreme variability in colony formation. 
Regarded as the cause of dental caries. 

Streptococcus nasalis (Hack) Migula. 
(Micrococcus nasalis Hack, according to 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 55; 
Migula, Syst. d. Bakt., B, 1900,45; Piano- 
coccus nasalis Migula, loc. cit., 274.) 
From nasal secretions. Considered 
motile. 

Streptococcus necroseos Schroter. (Mi- 
krokokkus der progressiven Gewebcne- 
krose bei Mausen, Koch, Untersuch. iiber 
die Xtiologie der Wundinfektionskrank- 
heiton. Leipzig, 1878 or Gesamm. Wcrke 
V, Robert Koch, 1, 1912, 87; Schroter, in 
Cohn, Kryptog. Flora v. Schlesien, 5, 1, 
1886, 150; Streptococcus necroticus Trevi- 
can, Atti della Accad. Fisio-Medico- 
Statistica in Milano, Ser. 4, 5, 1885.) 
From gangrene in mice. 

Streptococcus nomae Trevisan. (I gen- 
eri e le specie delle Batteriacee, 1889,30.) 
From gangrene of the mouth. 

Streptococcus non-hemolyticus /, II 
and III Holman. (Jour. Med. Res., 
1916, 388.) From various human and 
animal infections. 

Streptococcus odontolyticus Belding and 
Belding. (Dental Items of Interest, 
6B, 1940, 308.) From dental caries. 
Later stated by authors (Jour. Amer. 
Dent. Assoc., 30, 1943, 713) to be a mu¬ 
coid variant of Streptococcus salivarius. 

Streptococcus opacus Heim and Schlirf. 
(Cent. f. Bakt., I Abt., Orig., 100, 1926, 
40.) From the oral cavity. 

Streptococcus^ opportunus Brown. 
(Rept. Proc. Third Jnternat. Congr. for 
Microbiol., New York,. 1940, 173.) 

Source not recorded. Belongs to Lance- 
field*8 Group B (Sherman, Chase and 
Niven, Jour. Bact., 41, 1941, 101). 

Streptococcus ovis Weimann. (Ztschr. 
f. Infectionskrankh. d. Haustiere, 9, 
1911,266.) From Infected sheep. 


Streptococcus pollens Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1,1894,57.) 
From Gouda cheese. 

Streptococcus pallidus Henrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1,1894,58.) 
From Neufchtltel cheese. 

Streptococcus parvulus Levinthal. 
(Cent. f. Bakt., I Abt., Grig., 106, 1928, 
195.) From the mucous membrane of the 
human throat. 

Streptococcus pastor ianus Krassilst- 
schik. (Compt. rend. Acad. Sci. Paris, 
IBS, 1896, 427.) From silkworms. 

Streptococcus perniciosus Zopf. (Zopf, 
Die Spaltpilze, 3 Aufl., 1885, 53; Strepto¬ 
coccus perniciosus psUtacorum FlUgge, 
Die Mikroorganismen, 2 -Vufl., 1886, 164; 
Micrococcus perniciosus Crookshank, 
Man. of Bart., 3rd od., 1890, 252; Strepto¬ 
coccus psUtacorum Migula, Syst. d. Bakt., 
2, 1900, 42.) From an infection of par¬ 
rots. Found in nodules on the surface of 
the kidneys, lungs anti spleen. 

Streptococcus phytophthorus (Frank) 
(/hester. (Micrococcus phytophthorus 
Frank, Cent. f. Bakt., II Abt., 5, 1899, 
134; Chester, Man. Determ. Bact., 1901, 
67.) Associated with blight and rot of 
potato. 

Streptococcus piima Mary. (Jour. 
Dairy Sci., 6, 1923, 2.) From ropy milk, 
the Finnish piima. 

Streptococcus pityrampae a Dufrenoy. 
((’ompt. rend. Soc. Biol., Paris, 71, 1919, 
288.) From processionary moth larvae 
(Cnethocampa pityocampn). Motile. 
Gram-positive. 

Streptococcus pityocampae 0 Dufrenoy 
(loc. cit.). From processionary moth 
larvae. Gram-negative. 

Streptococcus pleomorphus von Wies- 
ner. (Wien. klin. Wochnschr., 1917, 933 
and 1918, 1101; sec Lehmann and Neu¬ 
mann, Bakt. Ding., 7 Aufl., B, 1927, 224.) 
Occurred frequently during the influenza 
epidemic of 1918. 

Streptococcus pneumosimilis Frost and 
En^elbrecht. (The Streptococci, 1940, 
57.) From milk and from the throats of 
dairy employees. Not found in bovine 
feces. 
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Streptococcus polymorphua Heim« 
(Streptococcus, Kraskowska and Nitsch, 
Cent. f. Bakt., I Abt., Orig., 1918, 
264; Heim, see Liehniann and Neumann, 
Bakt. Diag., 7 Aufl., F, 1927,224.) From 
the throat. 

Streptococcus productus Pr^vot. 
(Compt. rend. Soc. Biol., Paris, 156, 
1941, 105.) An anaerobic streptococcus 
from a gangrenous lung. 

Streptococcus proteiformis var. lique- 
faciens Hauduroy et al. {Enterococcus 
proteiformis liquefaciens Hauduroy, 
Thdse £>octorat M6d., Strasbourg, 1921; 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 521.) From feces. 

Streptococcus proteus Chester. (Strep¬ 
tococcus No. 52, Conn, Report Storrs Agr. 
Exp. Sta., 1894, 81; Chester, Man. De¬ 
term. Bact., 1901,67.) From cream. 

Streptococcus pseudohaemolyticus Gum¬ 
ming. (Jour. Path, and Bact., SO, 1927, 
279.) From sputum of patients with 
pulmonary tuberculosis. 

Streptococcus putrefaciens Trevisan 
(I generi e le specie delle Batteriacce, 
1889,31.) From putrefying blood. 

Streptococcus pyogenes bovis Lucet. 
(Ann. Inst. Past., 7, 1893, 325; also sec 
Crookshank, Textbook of Bact., 4th ed., 
Philadelphia, 1900, 188.) From bovine 
pus. 

Streptococcus pyogenes hominis Crook- 
shank. (Textbook of Bact., 4th ed., 
Philadelphia, 1900, 187.) From human 
sources. 

Streptococcus pyogenes nonhaemolyiicus 
Thomson and Thomson. (Streptocoque 
pyogen4 nonh^molytique, Weissenbach, 
Compt. rend. Soc. Biol., Paris, 81, 1918, 
819; Thomson and Thomson, Ann. Pick- 
ett-Thomson Res. L<ab., 3, 1927, 183.) 
From feces and various human infections. 

Streptococcus radiatus Klein. (Cent, 
f. Bakt., I Abt., 58, 1900, 417.) From 
exudate from the udder of a cow. 

Streptococcus rhewnaticus Poynton and 
Paine. (Poynton and Paine, Lancet, 3, 
September 22 and 29, 1900, 861; Diplo- 
coccus rheumaiicus and Micrococcus rheu- 
nuUieus Beaton and Walker, Brit. Med. 


Jour., January 31, 1903, 237; abet, in 
Cent. f. Bakt., I Abt., Ref., 55,19(»,528.) 
From cases of rheumatism and endo¬ 
carditis. 

Streptococcus rindfleischii Trevisan. 
(Streptococcus *bei Mycosis fungoides, 
Rindfleisch, Deutsche med. Wchnschr., 
11, 1885,233; Trevisan, I generi e le specie 
delle Batteriacce, 1889, 30.) From skin 
infection (mycosis fungoides). 

Streptococcus ruber Lundstrom. (Fin- 
ska Lakaresallskapets Handlingar, 55, 
1893.) Red colonies. 

Streptococcus rubiginosus Jamieson and 
Edington. (Brit. Med. Jour., /, 1887, 
1285.) .Associated with cases of scarlet 
fever. Probably identical with Micro¬ 
coccus pyogenes Klein, according to Mac5 
(Traite Pratique de Bact., Paris, 4th ed., 
1901, 425). 

Streptococcus rugosus Migula. {Strep¬ 
tococcus ureae {non pyogenes) rugosus 
Rovsing, Die Blasenentzundungen, ihre 
Aetiologie, Pathogenese und Behandlung, 
1890, 44; Migula, Syst. d. Bakt., 5, 1900, 
30; Streptococcus rugosus ureae Miquel 
and Cambier, Traits de Bact., Paris, 1902, 
829.) From cases of cystitis. 

Streptococcus salivarius brevis and 
Streptococcus salivarius tenuis Veillon. 
(Quoted from Thomson and Thomson, 
Ann. Pickett-Thomson Res. Lab., 5,1927, 
187 and 240.) From the mouth. See 
Streptococcus tenuis. 

Streptococcus sanguineus Migula. 
{Diplococcus pyogeties Pasquale, Giorn. 
med. d. R. esercito e d. R. marina, 1890; 
Migula, Syst. d. Bakt., 5, 1900, 36.) 
From a case of bone tuberculosis. 

Streptococcus sanguinis Chester. 
{Streptococcus sanguinis cants Pitfield, 
Queen’s Microscopic Bulletin, Philadel¬ 
phia, 1897, 44; Chester, Man. Determ. 
Bact., 1901,64.) From the blood of dogs. 

Streptococcus sanguis White. (Strep-, 
tococcus s.b.e. Loewe, Plummer, Niven 
and Sherman, Jour. Amer. Med. Assoc., 
ISO, 1946, 257; White, Thesis, Cornell 
Univ., 1946 quoted from White and 
Niven, Jour. Bact., 61, 1946,721.) From 
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blood in cases of subacute bacterial 
endocarditis. 

Streptococcus saprogenes Trevisan. (I 
generi e le specie delle Batteriacee, 1880, 
31.) From putrefying blood. 

Streptococcus sapropkyticus Mandel- 
baum. (Ztschr. f. Hyg., 58, 1908, 37.) 
See Streptococcus anhaemolyticus vul¬ 
garis. From mucous membranes. 

Streptococcus schmidti Trevisan. 
(Coccus bei Fadenziehende Milch, 
Schmidt-MUlheim, Arch. f. d. gcs. Phys¬ 
iol., 27y 1882, 490; Trevisan, I generi e 
le specie delle Batteriacee, 1889, 31.) 
From ropy milk. 

Streptococcus seiferti DeToni and Tre¬ 
visan. (Micrococcus bei Influenza, Sei¬ 
fert, in Volkmann, Sammlung Klin. 
Vortrage, 240; DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1056.) From sputum and nasal secre¬ 
tions of influenza patients. 

Streptococcus septicus Migula. (Strep¬ 
tococcus septicus liquefians Babes, Bakt. 
Unter. ti. septische Prozesse des Kindes- 
alters, Leipzig, 1889, 22; Streptococcus 
septicus liquefaciens Babes, according to 
£isenberg, Bakt. Diag., 3 Aufl., 1891,312; 
Migula, Syst. d. Bakt., 8, 1900, 27; not 
Streptococcus septicus Fliigge, Die Mikro- 
oiganismen, 2 Aufl., 1886, 154.) From 
the blood and organs of a diseased child. 

Streptococcus septopyaemicus Biondi. 
(Ztschr. f. Hyg., 8, 1887, 194 and 225.) 
According to Migula (Syst. d. Baku, 
1900,6) this is a synonym of Streptococcus 
pyogenes. From human saliva. 

Streptococcus sornthalii (Adametz) 
Migula. (Micrococcus sornthalii Adam¬ 
etz, Cent. f. Bakt., II Abt., 1, 1895, 465; 
Migula, Syst. d. Bakt., 2, 1900, 20.) 
From milk and hard cheese. 

Streptococcus sphagni Migula. (Syst. 
d. Bakt., F, 1900, 40.) From sphagnum 
in the Black Forest. 

Streptococcus sputigenus Migula. 
(Syst. d. Bakt., F, 1900, 24.) From 
sputum. 

Streptococcus stenos Beigey et al. 


(Manual, 1st ed., 1923,50.) From a vari¬ 
ety of human inflammatory conditions. 

Streptococcus stramineus Henrici. 
(Arb. bakt. Inst. Karlsruhe, 1, Heft 1, 
1894, 59.) From Schlossk&se. 

Streptococcus subacidus Holman. 
(Jour. Med. Res., $4, 1916, 388.) From 
various human infections. 

Streptococcus suspectus Trevisan. 
(Streptococco delP ematuria, ‘Piscia- 
sangue* dei bovini; Trevisan, I generi e le 
specie delle Batteriacee, 1889,30.) From 
blood and spleen in cases of bovine hem¬ 
aturia. 

Streptococcus tenuis Veillon. (Arch. 
M6d. Exp. et Anat.,8,1894,161.) From 
human mouth. 

Streptococcus terricola van Steenberge. 
(van Steenberge, Ann. Inst. Past., 84, 
1920, 806; not Streptococcus terricola Kil¬ 
lian and Feh5r, Ann. Inst. Past., 55,1935, 
619.) From garden soil. 

Streptococcus toxicatus (Burrill) De¬ 
Toni and Trevisan. (Micrococcus toxica¬ 
tus Burrill, The Bacteria. Illinois In¬ 
dustrial Univ., 11th Ann. Kept., 1882,42; 
DeToni and Trevisan, in Saccardo, Syl¬ 
loge Fungorum, 8, 1889, 1065.) From 
diseased plant tissue. 

Streptococcus trifoliatus Migula. 
(Diplococcus ureae (non pyogenes) tri* 
foliatus Rovsing, Die BlasenentzUndun- 
gen, ihre Aetiologie, Pathogenese und 
Behanglung, 1890, 43; Migula, Syst. d. 
Bakt., 8, 1900, 29.) From cases of 
cystitis. 

Streptococcus turbidus Lehmann and 
Neumann. (Bouillon trlibende Strepto- 
kokken, Behring, Cent. f. Bakt., /8,1892, 
193; Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 8,1896,12^.) From various 
human infections, especially erysipelas. 
Presumably a smooth culture of Strepto¬ 
coccus pyogenes. 

Streptococcus tyrogenus Henrici. (Arb. 
bakt. Inst. Karlsruhe, f, Heft 1,1894,50.) 
From cheeses. 

Streptococcus ureae Migula. (Strepto^* 
coccus pyogenes ureae Rovsing, Die Bias- 
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enentztindungen, ihre Aetiologie, Patho* 
genese und Bebandlung, 1890,45; Migula, 
Syst. d. Bakt., 1900, 28; not Strepto¬ 
coccus ureae Trevisan, I generi e le specie 
delle Batteriacee, 1889,31.) From cases 
of cystitis. 

Streptococcus urinae Migula. (Diplo- 
couus ureae (non pyogenes) Rovsing, loc. 
cit., 45; Migula, Syst. d. Bakt., B, 1900, 
13.) From cases of cystitis. 

Streptococcus vaccinae (Cohn) Zopf. 
(Microspli&eren der Vaccine, Cohn, Arch, 
f. path. Anat., 55, 1872, 237; Micro- 
nphaera vaccinae Cohn quoted from 
Cohn, Beitr&ge z. Biol, d. Pflanzcn, 7, 
Heft, 2, 1872, 161; Micrococcus vaccinae 
Cohn, idem; Zopf, Die Spaltpilze, 3 
Aufl., 1885, 52.) From lymph of cow 
pox pustules. 

Streptococcus varkellae Trevisan. 
(Microbio della varicella, Barcggi, 1885, 
probably in Gazz. Med. ital. Lomb. Mi¬ 
lano, 22^242; Trevisan, 1 generi e le 
specie delle Batteriacee, 1889,30.) From 
chicken-pox pustules. 

Streptococcus variolas Trevisan. (Mi- 
crosph&eren der Variola, Cohn, Arch. f. 
path. Anat., 65, 1872, 237; Micrococcus 
variolae Cohn, 1872, quoted from Trovi- 
san, I generi e le specie delle Batteriacee, 
1889, 30.) From lymph of small pox 
pustules. Regarded by Cohn fBeitrage 
z. Biol. d. Pflanzen, /, Heft 2, 1872, 161) 
as a variety of Micrococcus vaccinae 
Cohn. 

Streptococcus variolae-otnnas (Plaut) 
DeToni and Trevisan. (Micrococcus 
variolas ovinas Plaut, Das organisirte 
Contagium der Schafpocken und die Miti¬ 
gation desselben, Leipzig, 1882; DeToni 
and Trevisan, in Saccardo, Sylloge Fun- 
gorum, 8, 1889, 1058.) From the lymph 
in sheep-pox pustules. 

Streptococcus vermiformis Sternberg. 
(Wurmformiger Streptococcus, Mascheki 
]kkt. Unters. d. Leitmeritser Tnnk- 
waaser, Jahresb* d. Oberrealschule su 


Leitmeritz, 1887; Sternberg, Man. of 
Bact., 1893, 611.) From water. 

Streptococcus versatilis Broadhurst. 
(.Jour. Inf. Dis., 77, 1915, 323.) From 
throat of dogs,, horse and cattle feces, 
etc. 

Streptococcus vini Migula. (Microooc* 
cus saprogenes vini //, Kramer, Land- 
wirtsch. Versuchsstat., 57, 1890, 325 and 
Die Bakt. in ihren Bezichungen z. Land- 
wirtsch. u. d. landwirtsch.-technisch. 
Gewerben, B, 1892,140; Migula, Syst. d. 
Bakt., 5,1900, 33.) From wine. 

Streptococcus viscosus Lehmann and 
Neumann. (Schleimiger Streptokokken, 
Behring, Cent. f. Bakt., 12, 1892, 193; 
Lehmann and Neumann, Bakt. Diag., 1 
Aufl., B, 1896,125.) From various human 
infections. Presumably a mucoid cul¬ 
ture of Streptococcus pyogenes. 

Streptococcus vitulorvm Trevisan. 
(Microoocco della diarrea bianca dci vitcl- 
lini, Perroncitc, 1886; Trevisan, I generi 
e le specie delle Batteriacee, 1889, 30.) 
From white diarrhoea of calves. 

Streptococcus vulgaris Loening. 
(Mtinch. mcd. Wochnschr., 57, 1910, 173 
and 247; Streptococcus pyogenes vulgaris 
Thomson and Thomson, Ann. Pickett- 
Thomson Res. Lab., 5, 1927, 189.) 
Names applied to Streptococcus pyogenes. 

Streptococcus weissii Trevisan. (Atti 
d. Accad. Fisio-Medico-Statistica in Mi¬ 
lano, Ser. IV, 5, 1885, 119.) From lung 
exudate in pleuropneumonia of cattle. 

Streptococcus zytki Trevisan. (Tom- 
lac6e de la biere malade, Pasteur; Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889,31.) From .spoiled beer. 

Streptostaphylococcus parvulus Heurlin. 
(Heurlin, Bakt. Unters. d. Keimgehaltes 
im Genitalkanale der fiebernden Woch- 
nerinnen. Helsingsfors, 1910, 138.) 

From genital canal. Intermediate be¬ 
tween Streptococcus anaerobius Kronig 
and Staphylococcus parvulus Veillon and 
Zuber. 
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GenuH III, Leuconostoc Van Tieghem emend. Mucker and Pederson,* 

(Van Tieghenii Ann. Sci. Nat., 6*, S6r. 7, 1878, 170; Betacoccus Orla-Jensen, The 
Lactic Acid Bacteria. Mem. Acad. Sci. Danemark, Sec. d. Sci., 5, S^r. 8, 1919, 146; 
Hucker and Pederson, New York Agr. E.xp. Sta. Tech. Bui. 167, 1930, 66.) From 
Latin leuctts, clear, colorless; M. L. Noatoc, a genus of blue-green algae. 

Cells normally spherical. Under certain conditions, such as in acid fruits and 
vegetables, the cells may lengthen and become pointed or even elongated into a rod. 
Certain types grow with a characteristic slime formation in sucrose media. Grow 
on ordinary culture media, but growth is enhanced by the addition of yeast, tomato or 
other vegetable extracts. Generally, a limited amount of acid is produced, consisting 
of lactic and acetic acid; alcohol is also formed, and about one-fourth of the fermented 
glucose is changed to CO*. Levo lactic acid is always produced, and sometimes 
dextro lactic acid also. Milk is rarely curdled. Fructose is reduced to mannitol. 
Habitat: Milk, plant juices. 

The type species is Leuconostoc mesenteroides (Cienkowski) Van Tieghem. 

Key io the species of genus Leuconostoc. 

I. Acid from sucrose. 

A. Acid from pentoses. 

1. Leuconostoc mesenteroides. 

B. No acid from pentoses. 

2. Leuconostoc dexiranicu m . 

II. No acid from sucrose. 

3. Leuconostoc cilrovorum. 


1. Leuconostoc mesenteroides (Cien¬ 
kowski ) Van Tieghem. {Ascococcus mea- 
enleroides Cienkowski, Arb, d. Naturf, 
Gesellsch. a. d. Univ. a. Charkoff, 1878, 
12; Van Tieghem, Ann. Sci. Nat., 6, S6r. 
7,1878,170; Leuconostoc indicum Lieseh- 
beig and Zopf, Beitr. z. Physiol, u. 
Morph, niederer Organis., Heft 1, 1892, 
19; Streptococcus mesenterioides Migula, 
Syst. d. Bakt., 1900, 25; Leuconostoc 
agglutinane Barendrecht, Cent. f. Bakt., 
II Abt., 7, 1901, 627; Leuconostoc alter 
Zettnow, Ztschr. f. Hyg., 57, 1907, 154; 
Leuconostoc opalanitza Zettnow, loc, 
cit.; Betacoccus arabinosaceus Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
152; Leuconostoc arabinosaceus Hol¬ 
land, Jour. Bact., 5, 1920, 223; 

Bacillus pleofructi Savage and Hunwicke, 


Spec. Kept. Food Investigation Board, 
London, 1923,134; Leuconostoc pleofructi 
Pederson, N. Y. Agr. Exp. Sta. Tech. 
Bull. 150 and 151, 1929.) From Greek 
mesenterium^ mesentery; eidus^ form 
(like). 

Probable synonym: Leuconostoc soyae 
Belenky, Bull. Sci., Res. Inst, for 
Leguminous Crops, .Moscow (Russian), 
5,1934,132. 

Spheres: 0.9 to 1.2 microns in diameter, 
occurring in pairs and short or long 
chains. In sucrose solutions the chains 
are surrounded by a thick, gelatinous, 
colorless membrane consisting of dextran. 
Gram-positive. 

Glucose gelatin colonies: Small, white 
to grayish-white, raised, nodular. 


♦ Revised by Prof. G. J. Hucker and Prof. Carl S. Pederson, New York State Ex¬ 
periment Station, Geneva, New York, September, 1938; further revision, December, 
1943 . 
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Glucose gelatin stab: Growth along 
entire stab. No liquefaction. 

Sucrose broth: Abundant growth with 
massive formation of slimy material. 

Potato: No visible growth. 

Indole not formed. 

Acid from glucose, fructose, galactose, 
mannose, xylose, arabinose, sucrose, and 
generally from lactose, raffinose, salicin 
and mannitol. Rarely acid from dextrin, 
starch, inulin, sorbitol, rharanose or 
glycerol. 

Nitrites not produced from nitrates. 

Produces slime from sucrose. Most 
pronounced in sucrose gelatin stab. 

Aerobic, facultative. 

Optimum temperature 21*^ to 25®C. 

Distinctive characters: Active slime 
producer in sucrose solutions. 

Source: Slime in sugar factory. 

Habitat: Most active of the genus. 
Encountered in fermenting vegetable and 
other plant materials. Frequently iso¬ 
lated from slimy sugar solutions. 

2. Leuconostoc dextranicum (Bei- 
jerinck) Hucker and Pederson. {Lacio- 
coccus deitranicus Beijerinck, Folia 
Microbiologica, Delft, 1912, 377; Beta- 
coccus hovis Orla-Jensen, The Lactic Acid 
Bacteria, Copenhagen, 1919, 152 (Leu¬ 
conostoc boi'is Holland, Jour. Bact., 5, 
1920, 223); Streptococcus paracitrovorus 
Hammer, Research Bui. 63, Iowa .Vgr. 
Exp. Sta., 1920; Hucker and Pederson, 
N. Y. Agr. Exp. Sta. Tech. Bull. 167, 
1930, 67.) From Latin dexter^ right; 
M. L. dextranunit dextran; M. L. dex- 
tranicuSf related to dextran. 

Note: The description of Strepto¬ 
coccus b, V. Freudenreich (Cent. f. Bakt., 
II Abt., 3, 1897, 47) renamed Strepto¬ 
coccus kefir by Migula (Syst. d. Bakt., 
1900, 44) is too indefinite to permit the 
determination of its exact relationship 
to the organisms in this genus. It is 
clear, however, that the Streptococcus 
kefir of these authors and that of Evans 
(Jour. Agr. Res., IS, 1918,235) were very 
similar to if not identical with Leuco- 
nootoe dextranicum. Streptococcus die- 


tendens Hanuner (Iowa State Coll. 
Jour. Sci., 2, 1927, 5) may also be identi¬ 
cal with Leuconostoc dextranicum. 

Spheres: 0.6 to 1.0 micron in diameter, 
occurring in pairs and in short chains. 
Gram-positive. 

Gelatin stab: Gray filiform growth in 
stab. 

Agar colonies: Small, gray, circular, 
slightly raised, entire. 

Glucose broth: Slight grayish sedi¬ 
ment. 

Litmus milk: Acid, coagulation. Fre¬ 
quently shows slight reduction of litmus 
in bottom of tube. 

Potato: No visiblegrow'th. 

Indole not formed. 

Nitrites n%t produced from nitrates. 

Produce slime from sucrose in rapidly 
growing cultures. 

.\cid from glucose, fructose, galactose, 
maltose, sucrose, and generally from 
lactose and mannose. No acid from 
xylose, arabinose, glycerol, rhamnoee, 
sorbitol, mannitol, starch, rarely raf¬ 
finose, inulin or dextrin. 

.Verobic, facultative. 

Optimum temperature of growth 21* 
to 25"C. 

Distinctive characters: Produces 

moderate amount of slime in sucrose 
solutions. 

Source: Dairy starters 

Habitat: Found both in plant mate¬ 
rials and in milk products. 

3. Leuconostoc citrovorum (Hammer) 
Hucker and Pederson. (Streptococcus 
citrovorus Hammer, Research Bull. No. 
63, Iowa Agr. Exper. Sta., 1920; Hucker 
and Pederson, N. Y. Agr. E.xp. Sta. Tech. 
Bull. 167, 1930, 67.) From Latin citrus, 
the citron tree; M. L., lemon or orange, 
hence citric acid; voro, devour. 

Spheres: 0.6 to 1.0 micron in diameter, 
occuring in pairs and chains. Gram¬ 
positive. 

Gelatin stab: Filiform growth in stab. 
No liquefaction. 

Agar colonies: Small, gray, entire, 
slightly raised. 
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Agar slant: Small, gray, discrete 
colonies. 

Glucose broth: Slight gray sediment. 

Litmus milk: Slightly acid with partial 
reduction of litmus. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Grows poorly on ordinary media with¬ 
out the addition of yeast extract or other 
growth accessory substance. 

Acid from glucose, fructose, galactose 
and lactose. Generally does not form 
acid from mannose, sucrose, maltose, 
xylose, arabinose, rhamnose, rafhnose, 
glycerol, dextrin, inulin, starch, salicin, 
mannitol or sorbitol. 

Uses citric acid in milk. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Distinctive character: Non-slime 
producer. 

Source: Dairy products. 

Habitat: Found in milk and dairy 
products. 

Appendix: This includes species that 
probably belong in this genus. The de¬ 
scriptions are too meager to permit draw¬ 
ing any definite conclusion regarding 
their relationship to the three species 
recognized above. 

Bacterium laevolaclicum Migula. 
(Bacillus acidi laevolactici Schardinger, 
Monatsh. f. Chemie, 11, 1890, 544; 
Migula, Syst. d. Bakt., 2, 1900, 406; 
Bacterium acidi laevolactici Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., F, 1907, 
178.) From well water* 


Leuconostoc lagerheimii Ludwig. 
(Ludwig, Lehrb. d. niederen Kryptog., 
1892, 29; Streptococcus lagerheimii 

Migula, Syst. d. Bakt., 8, 1900, 41.) 
From slimy sugar solutions. 

Micrococcus gelatinogenus Br&utigam. 
(Pharmaceutische Centralhalle, 1891, No. 

30. ) From the air. Forms gum in su¬ 
crose media. 

Micrococcus gummosus Happ. (Inaug. 
Diss., Basel, published in Berlin, 1893, 

31. ) From slimy sugar solutions. 
Myxococcus betae Gonnermann. 

(Oesterr.- Ungar. Ztschr. f. Zuckerind. u. 
Landw., 136, 1907, 883.) From sugar 
beet juice. 

Streptococcus citrpvorus'paracilrovorus 
Vas and Csiszdr. (Milchwirtsch. 
Fortsch., 18, 1936, 68.) From cream and 
butter. 

Streptococcus hornensis Boekhout. 
(Cent. f. Bakt., II Abt., 6, 1900, 162.) 
From slimy, sweetened condensed milk. 
A strong dextran former. Related to 
Leuconostoc niesenteroides. 

Zoogloea iermo Cohn. (C^hn, Nov. Act. 
Acad. Cacs. Leop.-Carol. Nat. Cur., $4» 
1854,123.) The only species in the genus 
Zoogloea as originally proposed. From 
running water. Scheibler used this name 
for a zoogloea-forming organism from 
slimy sugar solutions in Neue Ztschr. f. 
Riibenzucker- Ind., 1 ,1878, 366 and prob- 
bably also in Ztschr. d. Vereins f. Riiben- 
zucker- Ind., 1874, 330. The latter refer¬ 
ence apparently is not available in 
America. See Buchanan, (Jcneral Syst. 
Bact., 1925, 530 for a history of the 
genus Zoogloea. 
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TaiBB II. LACTOBACtLLEAE WINSLOW ET AL. 

(Jour. Bact., J, 1920, 211.) 

Rods, often long and slender. Non-motile. Gram-positive. Pigment formation 
rare. When present, yellow or orange, to rust or brick-red in color. Poor surface 
growth (except in genus Microbacterium) iMJcaiise these bacteria are generally micro- 
aerophilic or anaerobic. Carbohydrates and polyalcohols are cliangod either by 
homofermentation to lactic acid or by hetcrofermentation to lactic, acetic, propionic 
or butyric acids, alcohol and carbon dioxide. Growth on potato is poor or absent. 
Gelatin is not liquefied. Nitrates are not reduced (except in genus Microhacterium), 
Several species grow" at relatively high temperatures. May or may not produce 
catalase. 

Key to the genera of tribe Lactobacilleae. 

I. Always produce lactic acid from carlxihydrates, 
a. Catalase negative. Microaerophilic. 

Genus I. Lactobacillus^ p. 349. 
aa. Catalase positive. Aerobic. 

Genus II. Microbacterium^ p. 370. 

II. Ferments carliohydratcs, polyalcohols and lactic acid with the formation of 
propionic and acetic acids, and carbon dioxide Catalase positive. 

Genus III. Propionibactcrium, p. 372. 

III. Ferments carlxihydrates, ixilyalcohols and lactic acid with the formation of 
butyric and acetic acids, and carbon dioxide. Generally catalase negative. 

Genus IV. BuiyribacUrium, p. 379. 

Genus /. Lactobacillus Bajerinch. * 

(? Dispora Kern, Biol. Z(‘nt,, 1S82, 135; ^Tyroihiix Duclaux, Ann. In&t. Nat. 

Agron., 4, 18S2, 79; ?Pacinia Trovi.san, Alti della Accad. Fisio-Medico-Statistica in 
Milano, Ser. 4, 1885, 83; ?Sacchar<tbacillus van I.aer, Contributions ^ Phistoire des 

ferments des hydrates de carbone. Mc^ni. Acad, Boyale do Ihdgifiue, 1889, Lacto- 
hacter Beijeriiick, Cent. f. Bakt., II .\bt.,6’, 1900, 2(H4; Beijerinck, Arch. n<5erl. d. sci. 
exact, et nat. Iladrlem, Ser. 2, 7, 1901, 212; ^StrcplobaciUus Rist and Khoury, Ann. 
Inst. Past., 16f 1902, 70; ?Btachylnictenum Troih-Petersson, Cent. f. Bakt., II Abt., 
It, 1903, 138; Caseohacterium Orla-Jenson, Cent. f. Bakt., II Abt., 2?, 1909, 336; P/o- 
camnhacterium Lowi, Wiener klin. Wochnschr , 33, 1920, 730 (in part); Lactohacterium 
van Steenberge, Ann. Inst. Past., 5^, 1920, 806* BiJidohactcnuju Orla-Jensen, Le Lait, 
4, 1924, 469; Acidohacterium Heim, see Schlirf, Cent. f. Bakt.,I Abt., Orig., 97, 1925, 
111: Bifidibacteriuni Pr<5vot, Ann. Inst. Past., 60, 1938, .303 ) From M. L., lactic and 
bacillus, a rod. 

Rods, u.sually long and slender. Microaerophilic. Carbohydrate^ and poly-alco- 
hols are changed by honiofermentation to lactic acid, or by heterofermentation to 
lactic and acetic acids, alcohols and carbon dioxide. Catalase negative. Found 
in fermenting animal (especially dairy) and plant products. 

The type species is Lactobacillus caucasicus Beijerinck. 


* Completely revised by Prof. Carl S. Pederson, New* \ ork State F..\periment Sta¬ 
tion, Geneva, New York, in consultation wdlh Prof. J. M. Sherman, Cornell I ni- 
versity, Ithaca, New York and Prof. L. F. Rettger, Yale University, New* Haven, 
Conn., June, 1938; further revision by Prof. Carl S. Pederson, January, 1945. 
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Kty to the opeeies of genus Lactobacilliui. 

I. Produce only traces of by-products other than lactic acid. Homofermentative. 
A. Optimum temperature 37^ to 60^0 or higher. Sub-genus Thermobacterium 
Orla-Jensen (The Lactic Acid Bacteria, 1919, 160). 

1. Acid from lactose. 

a. Optimum temperature 37® to 45®C. 

b. Produce levo lactic acid.. 

1. Lactobacillus caucasicus. 

2. Lactobacillus lactis. 
bb. Produce inactive or dextro lactic acid. 

c. Microaerophilic. 

3. Lactobacillus helveticus, 

4. Lactobacillus acidophilus. 
cc. Anaerobic in freshly isolated cultures. 

5. Lactobacillus bifidus, 

aa. Optimum temperature 45® to 62®C; usually no acid from maltose. 

6. Lactobacillus bulgaricus. 

7. Lactobacillus thermophilus. 

2. No acid from lactose. 

8. Lactobacillus delbrueckii, 

H. Optimum temperature 28® to 32®C. Sub-genus Streptobacterium Orla Jensen 
(loc. ciL^ 166). 

1. Acid from lactose. 

a. Produces dextro lactic acid. Often prefers lactose to sucrose and 
maltose. 

9. Lactobacillus casei. 
aa. Produces inactive lactic acid. 

10. Lactobacillus plantarum, 

2. No acid from lactose. 

11. Lactobacillus leichmannii. 

II. Produce considerable amounts of by-products other than lactic acid (carbon 
dioxide, alcohol and acetic acid; mannitol from fructose). Heterofermentative. 
Sub-genus Betabacterium Orla Jensen (loc. cit.^ 175).® 

A. Optimum temperature 28® to 32®C. Usually ferment arabinose. 

1. Does not ferment raffinose, and usually does not ferment sucrose or lactose. 

12. Lactobacillus brevis. 


2. Ferment raffinose, sucrose and lactose. 

13. Lactobacillus buchneri. 

14. Lactobacillus pastorianus. 

B. Optimum temperature 35® to 40®C or higher. Usually does not ferment 
arabinose. 

15. Lactobacillus fermenti. 


* Also see discussion of Betabacterium caucasicum^ p. 358. 
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1. Lactobacllus caucasicus Beijertnck. 
{Bacillus caucasicus Beijerinck, Arch, 
n^erl. d. sci. exact, et nat., 23y 1889, 428; 
Beijerinck, tbid.y Sdr. 2, 7, 1901, 212; not 
Bacillus caucasicus v. Freudenreich, 
Cent. f. Bakt., II Abt., 5, 1897, 54 and 
135> Bacterium caucasicus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., P, 1897, 
130; not Bacterium caucasicum Lehmann 
and Neumann, Bakt. Diag., 2 Aufl., P, 
1899, 209; not Betabacterium caucasicum 
Orla-Jensen, The Lactic Acid Bacteria, 
1919,175.) From Greek Caucasiay M. L. 
caucasicusy of the Caucasus. 

The following is a possible or probable 
synonym; Sireplohacillus lebenis Rist and 
Khoury, Ann. Inst. Past., I6y 1902, 70. 

Description taken from the two rejxirts 
of Beijerinck {loc. cil.). 

Rods: Thin and variable in size, occur¬ 
ring singly or in filaments. Non-motile. 
Non-spore-forming. Gram-positive (not 
recorded in early descriptions'). 

Gelatin: No liquefaction. 

Wort gelatin : Small, white colonies. 

Agar colonies: Small. 

Broth: Carbohydrates necessary for 
growth. 

Milk: Rapid acid production with 
coagulation, no action in casein. 

Utilizes animal peptones with diffi¬ 
culty, utilizes vegetable peptones more 
readily. 

Acid from glucose, sucrose, maltose and 
lactose. No action on starch. Action on 
other carbohydrates not studied. Lac¬ 
tose in milk converted to Icvo lactic acid 
with little carbon dioxide. 

Microaerophilic. 

Optimum temperature 40® to 44®C. 
Temperature range 25® to 45®C. 

Source: From kefir and cheese. 

Habitat: Occurs symbiotically with 
yeast in kefir. 

Prototype: Dispora caucasica Kern. 
(Kern, Biol. Zent., P, 1882, 135; later in 
Bull, dc la Soc. Imp. des Naturalistes de 
Moscow, 66y 1882, 168; Bacterium cau¬ 
casicum Zopfy Die Spaltpilze. 3 Aufl., 
1885,90; Bacillus kaukasicus Flfigge, Die 
Mtkroorganismen, 2 Aufl., 1886, 270; 


Factma caucastca Trevisan, I generi e le 
specie delle Batteriacee, 1889, 23.) 

The description by Kern of an organism 
from kefir grains is confused probably 
because the organism (a spore former) 
which he isolated by the use of Cohn’s 
solution was not the same as the presum¬ 
ably granulated lactobacillus he saw in 
microscopical preparations of kefir. 
Beijerinck was apparently the first to 
have isolated a lactobacillus from kefir in 
pure culture and to have given a suffi¬ 
ciently complete description to make 
reidciitification possible. It should bo 
noted that from the characters given, this 
could not have been the same species as 
that isolated later from kefir by v. 
Freudenreich (loc. cit.) and Orla-Jensen 
(loc. cit.). 

2. Lactobacillus lactis (Orla-Jensen) 
Holland. (Bacillus laetts acidi Leich- 
mann. Cent. f. Bakt., II Abt., 2y 1896, 
779; Milch. Zeitung, 26y 1896,67; Thermo- 
bacterium lactis Orla-Jensen, The Lactic 
Acid Bacteria, 1919, 164; Lactobacillus 
lactts acidi Holland, Jour. Bact., 5, 1920, 
223; Holland, idem.) From Latin lac, 
milk. 

Henneberg (Handb. der G&rungsbakt., 
2 Aufl., 2y 1926, 128) regards Bacillus 
lactis acidi Leichmann as identical with 
Thermobacterium lactis Orla-Jensen. 

Rods: Long forms wdth a tendency to 
grow into threads, often strongly curling. 
Occur singly or in pairs in young vigorous 
cultures. Generally contain volutin 
grains. Gram-positive (not recorded in 
original description). 

Milk: Acid produced followed by 
coagulation in one to four days. 1.7 per 
cent acid produced. 

Acid from fructose, glucose, mannose, 
galactose, sucrose, maltose, lactose, raffi- 
nose and dextrin. Glycerol, xylose, 
arabinosc, rhamnose, sorbitol, mannitol, 
inulin and starch not fermented. Salicin 
may or may not be fermented. 

Forms levo lactic acitl with only a trace 
of other products. 

Temperature relations: Optimum 40X. 
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Minimum IS® to 22®C. Maximum 50®C. 

Source: From milk and cheese. 

Habitat: Undoubtedly widely distrib¬ 
uted in milk or milk products. 

3. Lactobacillus helveticus (Orla-Jen¬ 
sen) Holland. (Bacillus €, von Freuden- 
reich, Cent. f. Bakt., II Abt., /, 1895, 
173; also Landw. Jahrb. d. Schweiz, 1895, 
211; Bacillus casei €, v. Froudcnreich and 
ThOni, Landw. Jahrb. d. Schweiz, 1904, 
526; also Orla-Jensen, Cent. f. Bakt., II 
Abt., IS, 1904, 609; Caseobacierium c, 
Orla-Jensen, Cent. f. Bakt., II Abt., 
SS, 1909, 337; Thcrmobacterwm helveti- 
cum Orla-Jensen, Maelkcri-Bakteriologie, 
1916, 35; also the Lactic Acid Bacteria, 
1919, 164; Bacterium casei «, Holland, 
Jour. Bact., 5, 1920, 221; Holland, ibtd., 
223.) From Latin helveticus, Swiss. 

Rods: 0.7 to 0.9 by 2.0 to 6.0 microns, 
occurring singly and in chains. Non- 
motile. Gram-positive. 

Whey gelatin colonies: Does not grow 
readily at temperatures required for 
incubation of gelatin. 

Lactose agar colonies: Small, grayish, 
viscid. 

Milk: Acid, with coagulation; may 
become slimy. 

Nitrites not produced from nitrates. 

Acid from glucose, fructose, galactose, 
mannose, maltose, lactose, and smaller 
amounts from dextrin. The lactic acid 
is inactive. 

Temperature relations: Optimum 40® 
td 42®C. Minimum 20® to 22®C. Maxi¬ 
mum 50®C. 

Micipaerophilic. 

Source: From sour milk and cheese. 

Habitat: Widely distributed in dairy 
products. 

4. Lactobacillus acidophilus (Moro) 
Holland. (Bacillus acidophilus Moro, 
Wiener klin. Wochnschr., IS, 1900, 114; 
also Jahrb. f. Kinderheilkunde, 6S, 1900, 
38; Holland, Jour. Bact., 6, 1920, 215; 
Plocamobacterium acidophilujn Lehmann 
and Neumann, Bakt. Diag., 7 Aufl., S, 
1927, 610; Thermobacterium iniestinale 


Orla-Jensen, Orla-Jensen and Winther, 
Cent. f. Bakt., II Abt., 9S, 1936, 321.) 
From Latin acidus, sour; M. L. acidus, 
acid and Greek philus, loving. 

Possible synonyms: Milchsaurebacil- 
lus, Boas and Oppler, Deutsche med. 
Wochnschr., 21, 1895, 73; Diagnostik und 
Therapie d. Magenkrankheiten, II Teil, 
1907, 265 (Lactobacillus boas-oppleri 

Bergey et al., Manu.nl, 1st etl., 1923, 243); 
Bacillus cxilis Tissicr, La flore intestinalc 
des nourrissons, Paris, 1900,102; Bacillus 
gastrophilus Lehmann and Neumann, 
Bakt. Diag., 4 Aufl., 2, 1907, 424 (Bac¬ 
terium gashophilitm Lehmann and Neu¬ 
mann, Bakt. Diag., 5 Aufl., 2, 1912,305); 
Bacillus acetogenus a Distaso, Cent f. 
Bakt., I Abt., Orig.,5!?, 1911, 49; Bacillus 
acetogenus Distaso, ibid., 51; Bacillus 
acetogenus proteiformis Distaso, ibid., 52; 
Bacillus acetogenus cxilis Distaso, ibid., 
53; Bacillus paracxilis Distaso, ibid., 66; 
Bacillus dimorpkus Distaso, ibid., 55; 
Bacillus dimorphus var. longa Distaso, 
Cent. f. Bakt., I AV)t., Orig., 62, 1912, 
440; (Bacteroidcs dimorphus Bergey et al.. 
Manual, 1st ed., 1923, 258); Streptobacil- 
lus longus Distaso, ibid., 439; Thermo- 
bacterium acidophilurn Ilenneberg, Cent, 
f. Bakt., II Abt., 91, 1934, 102. 

Description of Moro supplemented by 
material from Kulp and Bcttger, Jour. 
Bact., 9, 1924, 3.57; (’urran, Rogers and 
Whittier, Jour. Bact., 25, 1933, 595; and 
Rettger, Levy, Weinstein and Weiss, 
Lactobacillus acidophilus, Vale Univ. 
Press, New Haven, 1935. 

Rods: 0.6 to 0.9 by 1 5 to 6.0 micrems, 
occurring singly, in pairs and in short 
chains with rounded ends. Xon-motile. 
Dimensions variable (K\tlpand Bettger), 
(Curran, Rogers and Whittier). Gram- 
positive; old cultures often Gram-nega¬ 
tive (Moro). 

Gelatin : No growth at 20No lique¬ 
faction . 

Wort-agar (Moro) or tomato agar (Kulp 
and Rettger) plates: Surface colonies, 
peripheries a capilliform maze of lotig, 
delicate, twisted, fuzzy projections, cen¬ 
ter appears as a thick, dark, felt-like 
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mass. Deep colonies, small, irregularly 
shaped, with fine radiate or ramified 
projections. 

Wort-agar slants: Growth scanty, 
limited, dry, veil-like. 

Wort-broth: After 48 hours, fine, floccu- 
lent sediment. Other acid broths sedi¬ 
ment whitish, slight turbidity. 

Milk: Slow growth with small inocu¬ 
lum. Ck)agulate8 from the l)ottom up. 

Potato: No growth. 

Acid but no gas from glucose, sucrose 
and lactose (Moro). Acid from glucose, 
fructose, galactose, manno.se, maltose, 
lactose and sucrose. Some cultures 
ferment raflinose and trehalose and have 
slight action on dextrin. Xylose, arabi- 
nose, rhamnose, glycerol, mannitol 
sorbitol, dulcitol and inositol not fer¬ 
mented (Kulp and Uettger). Inactive 
lactic acid and volatile acids formed from 
sugars (Curran, Rogers and Whittier). 

No Risible growth in carl)ohydrate.free 
media (Rettger, Levy, Weinstein and 
Weiss). 

Optimum temperature 37''(\ No 
growth at 20° to 22°(' (Moro). Maximum 
temperature 43° to4S\’ ((Jurran, Rogers 
and Whittier). 

Not pathogenic for laboratory animals 

Microaerophilic. 

I'listiiictive characters: CJrows in acid 
media. L'nles.s fretjuent transfer.^ are 
made, organism may become Gram nega 
tive and rapidly develop characteristic 
degeneration forms (Moro). The so- 
called original strains of Jiacillns aci¬ 
dophilus from the Krdl collection, de¬ 
scribed and called M icrobactcnuw 
lacticum by Orla-Jen.sen, do not have the 
ehnraeteri.stics given by Moi*o. 

Source: From the feces of inilk-fed 
infants. Alst) from the feces of older 
persons on high milk or lactose or dextrin- 
containing diets. 

Habitat: As for source. 

5. Lactobacillus blfidus (Tissicr) Hol¬ 
land. [Bacillus bifidns communis and 
Bacillus bifidua Tissier, Recherches sur 
Ifl liore intestinal des nourrissons, Paris, 


1900, 85; Bacteroidea bifidua Castellani 
and Chalmers, Man. Trop.'Med., 3rd ed., 
1919, 960; Holland, Jour. Bact., 5, 1920, 
223; Nocardia bifida Vuillemin, Encyclo- 
pddie Mycolbg., Paris, F, Champignons 
Parasites, 1931, 132; Actinomyces bifidua 
Nannizzi, in Pollacci, Trat. Micopat. 
Umana, 1934, 13; Cohnisireptothrix 
hifidus Negroni and Fisher, Rev. Soc. 
Argentina Biol., ^0, 1944, 315.) From 
Latin bifiduasplii in two, cleft. 

Possible synonyms: Coccobacxllus ovi^ 
formis Tissier, Ann. Inst. Past., 22 f 1908, 
189 (Bacterium oviforme Ijo Bkye and 
Guggenheim, Manual pratique de diag- 
nostique Raet^*riologie, Paris, 1914; Bac- 
tcroxdes ovjfurmts Levine and Soppeland, 
Iowa Engineering Exp. Sta. Bui. 77,1926, 
35); Bacillus reulriosus Tissier, loc. cit. 
( Bavti rotdes rentnosus Eggerth, Jour. 
Pact., 30, lOS."), 281;; Diplobacillus 

acinninntus Distaso, lor. cit. (Bncteroides 
acuminatus Itcrgey etal., Manual, 1st ed., 
1923, 260). 

Description suj>plemcnted from Weiss 
and Rettger, Jour. Bact., 28^ 1934, 501. 

Small, slemlcr rods: Average length 4.0 
microns, 0 .■> to 0.7 by 2 to S microns 
(Wei8.s and Rettger), occurring singly or 
in pains and .short chains, parallel to eiich 
<»ther, very \ariable in appearance. 
Hrancheil and club forms develop in some 
culture.s Non inotih*. Ciram-positive 
Imt, stains irregularly in old cultures 
^Ti.ssier). 

Lit tie or nogniwtii in carbohydrate-free 
agar (Weissami Rettger). 

Deep sugar-agar colonies: After 3 days, 
.soli<l w ith slightly irregular edge, whitish. 
< Irow up to 3 <*m fnim the surface forming 
a ring AvcTage diamet(*r 3 mm. No 

g.MS, 

t'ugar broth: (ukkI growth. Turbid 
within 3 ila>s Clears with tloceuleni 
precipitate. 

Milk* ChMui growth with large inocu¬ 
lum No eiKiguIation (Ti-^sier). Mayor 
may not eo;igul;ite milk (Weiss and 
Rettger) 

Acid but no gas from glucose (Tissier). 
Acid from glucose, fructose, galactose, 
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sucrose, inulin and usually from dextriu, 
starch, maltose, raffmoso and trehalose. 
A few strains form acid from lactose and 
salicin. The acid consists of inactive 
lactic acid and 18 to 25 per cent of volatile 
acid (Weiss and Rettger). 

Optimum temperature 37®C. May 
show slight growth at 20°C’. Killed at 
60'’C in 15 minutes. 

Non-pathogenic for mice or guinea pigs. 

Strict anaerobe (Tissier). Strict an¬ 
aerobe in primary culture becoming 
microaerophilic (Weiss and Rettger). 

Distinctive characters: Bifurcations 
and club-shaped forms (Tissier), particu¬ 
larly in infant feces and in primary 
culture (Weiss and Rettger). 

Source: From feces of nursing infants. 

Habitat: Very common in the feces of 
infants. May constitute almost the 
entire intestinal flora of breast-fed in¬ 
fants. Also present in smaller numbers 
with bottle-fed infants. Possibly more 
widely distributed than indicated in the 
intestines of warm-blooded animals. 

5a. LactchcLcillus parabifidm Weiss 
and Rettger. {Bacterium hifidum Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
192; Bacteroides bifidus (proup 2) 
Eggerth, Jour. Bact., SO, 1935, 295; Lacto¬ 
bacillus bifidus II or Lactobacillus para- 
bifidus Weiss and Rettger, Jour. Bact., 
55, 1938,17; Jour. Inf. Bib,, 62, 1938,115.) 

This is the more anaerobic variety of 
the bifid organisms from feces and seems 
to be more common in the intestine of 
adults. In contrast to Lactobacillus 
bifidus, it produces more volatile acid as 
well as dextro lactic acid, and ferments 
arabinose, xylose and melezitose but not 
mannose. 

6. Lactobacillus bulgaricus (Luerssen 
and Ktihn) Holland. {Bacillus A, Gri> 
goroff. Revue M^d. Suisse romande, 25, 
1905; Bacillus bulgaricus Luerssen and 
Kfihn, Cent. f. Bakt., II Abt., 20, 1907, 
241; Thermohacterium bulgaricum Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
164; Bblland, Jour. Bact., 5, 1920, 215; 


Acidobactcrium bulgaricum Schlirf, Cent, 
f. Bakt., I Abt., Orig., 97, 1925, 116; 
Plocamobacterium bulgaricum Lehmann 
and Neumann, Bakt. Diag., 7 Aufl., 2, 
1927, 511.) From Latin bulgaricus, of or 
related to Bulgaria. 

Probable synonyms: Lactobacillus 
longus Beijcrinck, Arch. n<Serl. d. sci. 
exact, ot nat., S^r. 2, 7, 1901, 212 (not 
Lactobacillus longus Bergey et al.. 
Manual, 4th ed., 1934, 312); Bacterium 
casei filans Gorini, Rend. R. Acc. Lincei, 
21, 1912, 472; Cent. f. Bakt., II Abt., S7, 
1913,1. 

Description of Luerssen and Kuhn 
supplemented by Grigoroff, loc. cit.; 
Cohendy, Compt. rend. Soc. Biol. Paris, 
68, 1906, 364; Kuntze, Cent. f. Bakt., II 
Abt., 21, 1908, 737; Bertrand and 

Duchacok, Ann. Inst. Past., 23, 1909,402; 
White and Avery, Cent. f. Bakt., II Abt., 
25, 1910, 161; Rahe, Jour. Bact., S, 1918, 
420; Orla-Jensen, The Lactic Acid Bac¬ 
teria, 1919, 164; Kulp and Rettger, Jour. 
Bact., 9, 1924 , 357; Sherman and Hodge, 
Jour. Dairy Sci., 19, 1936, 494. 

Rods: Slender rods with rounded ends, 
often in chains. Non-motile. Gram¬ 
positive, older cultures showing un¬ 
stained portions (Luerssen and Ktihn). 

Whey gelatin: No liquefaction (White 
and Avery). 

Colonies: Flat, yellowish-white, 2 to 
3 mm. Old cultures have dark centers. 
Deep colonies globular (Luerssen and 
Ktihn). 

Whey agar colonies: Circular to irregu¬ 
lar (White and Avery). 

Milk: Coagulation at 37°C. No gas. 
No decomposition of casein. 

Potato: Yellow-white colonics (Luers¬ 
sen and Ktihn). No growth (Grigoroff), 
(Cbhendy), (White and Avery). 

Indole not formed (Grigoroff), (White 
and Avery). 

Nitrites not produced from nitrates. 

Results on acid production from sugars 
vary. Glucose, lactose and galactose are 
apparently always fermented while xy¬ 
lose, arabinose, sorbose, rhanmose, dulci- 
tol, mannitol, dextrin, inulin and starch 




FAMILY LACTOBACTERIACBAE 


355 


are never fermented. Early workers 
(Gigoroff) (Cohendy) noted fermenta¬ 
tion of fructose, maltose and sucrose. 
Later workers (Bertrand and Duchacek), 
(Orla-Jenscn), (Rahe), (Kulp and lictt- 
ger), (Sherman and Hodge) noted vari¬ 
able or negative results on sucrose, mal¬ 
tose and unheated fructose. 

Forms high acidity in milk. The 
lactic acid is inactive (Grigoroff), (Ber¬ 
trand and Duchacek), (White and Avery) 
orlevo (Whiteand Avery), (Orla-Jensen) 
with small quantities of volatile acid 
(White and Avery). 

Aerobic or anaerobic (Luerssen and 
Kuhn). Microaerophilic (White and 
Avery). Anaerobic in fresh isolation 
(Sherman and Hodge). 

Optimum temperature 45° to 50°C 
Minimum 22°C (Luerssen and Kuhn). 

Distinctive characters: This species 
at present is regarded as including the 
high temperature organisms isolated 
from milk with difficulty. Thcbc fer¬ 
ment glucose, galactose and lactose but 
usmilly do not ferment sucrose, maltose 
or unheated fructose when freshly iso¬ 
lated. 

Source: Originally isolated from yog¬ 
hurt. 

Habitat; Probably present in many 
milk products if held at high tempera¬ 
ture. 

7. Lactobacillus thermophilus Ayers 
and Johnson. (Jour. Bact., 1924, 291.) 
From Greek thermos, heat and philus, 
loving. 

Description of Ayers and Johnson 
supplemented by material from Charlton, 
Jour. Dairy Sci., 15, 1932, 393. 

Rods: 0.5 by 3.0 microns. Stains 
irregularly. Non-motile (Charlton). 
Gram-positive. 

Gelatin stab: No liquefaction. 

Agar plate: Small colonies. 

Agar slant: Slight, translucent growth 
(Charlton). 

Broth: Turbid (Charlton). 

Litmus milk: Acid. 


Nitrites not produced from nitrates 
(Charlton). 

Acid from glucose, lactose, sucrose, 
starch and trace from glycerol. No 
acid from salicin, mannitol, raffinose or 
inulin. (Ayers and Johnson). Acid 
from fructose, galactose, mannose, mal¬ 
tose, raffinose and dextrin. No acid 
from arabinose, xylose, glycerol, rham- 
nose, salicin, inulin or mannitol. Dextro 
lactic acid formed. (Charlton). 

This is the thermophilic lactobacillus 
obtained from pasteurized milk which 
causes pin-jjoint colonics on agar plates. 

Temperature relations: Optimum tem¬ 
perature 50° to 62.8°C. Minimum 30°C. 
Maximum 65°C. Thermal death point 
71 °C for 30 minutes or 82°C for 2J 
minutes. 

Facultative anaerobe. Grows beat 
aerobically. 

Source: From pasteurized milk. 

Habitat: Known only from pasteurized 
milk. 

8. Lactobacillus delbnieckii (Leich- 
mann) Beijerinck. {Bacillus dclbriickii 
I.ieichmann, Cent. f. Bakt., II Abt., B, 
1896, 28-1; Bacillus acidificans longi^si- 
inus Lafar, Cent. f. Bakt., II Abt., B, 
1896,195; Bacillus (?) ocidMigula, 
Syst. d. Bakt., B, 1900, 801; Beijerinck, 
Arch, n^erl d. sci exactes et nat., 
Hadrlem, Sdr. 2, 7, 1901, 212; Thermo- 
bacterium cereale Orla-Jensen, The Lactic 
Acid Bacteria, 1019, 164; Bacillus acidi- 
ficans-longissimus Holland, Jour. Bact., 
5, 1920, 216; Lactobacillus acidificans- 
longissimus Holland, ibid., 216; Lacto¬ 
bacillus cercalc Holland, ibid., 223; 
Lactobactcrium delbrucki (sic) van Steen- 
berge, Ann. Inst. Past., S4» 1920, 820.) 
Named for Prof. M. Delbrilck, German 
bacteriologist. 

Description of Leichmann supple¬ 
mented by material from Hennebeiig, 
Cent. f. Bakt., II Abt., 11, 1903,154. 

Rods: 0.5 to 0.8 by 2.0 to 9.0 microns 
(Henneberg), occurring singly and in 
short chains. Non-motile. Gram-posi¬ 
tive. 
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Gelatin colonies; Small, gray, circular, 
not liquefied. 

Agar colonies: Small, flat, crenated. 

Agar slant: Narrow, translucent, soft, 
grayish streak. 

Broth: Slightly turbid. 

Milk: Unchanged. 

Nitrites not produced from nitrates. 

Acid from maltose*and sucrose (Leich- 
mann) and glucose, fructose, galactose 
and dextrin. No acid from xylose, 
arabinose, rhanmose, lactose, rafiinose, 
trehalose, inulin, starch, mannitol or 
a-methyl<glucoside (Henneberg). Levo 
rotatory lactic acid is formed. Forms 
l.fi per cent acid in mash. 

This is the high temperature organism 
jof fermenting mashes. In fresh isola< 
tions it apparently has a higher optimum 
temperature than when held in pure 
culture. 

Optimum temperature 45°C. 

Microaerophilic. 

Source: From sour potato mash in 

distillery. 

Habitat: Fermenting vegetable and 
grain mashes. 

9. Lactobacillus easel (Orla-Jensen) 
Holland. {Bacillus a, v. Freudenreich, 
Ann. d. Microg., f , 1890,266; also Landw. 
Jahrb. d. Schweiz, 1891, 20; Bacillus 
cassi a, von Freudenreich and Thdni, 
Landw. Jahrb. d. Schweiz, 1904, 526; also 
Oria-Jensen, Cent; f. Bakt., II Abt., 13, 
1904, 609; Caseobacterium vulgare Orla> 
Jensen, hd^keri-Bakteriologie, 1916, 35; 
Btreptidbaeteriufn casei Orla-Jensen, The 
Lactic Add Bacteria, 1919, 166; Bac¬ 
terium easei a, Holland, Jour. Bact., 6, 
1920, 221; Holland, ibid,) From Latin 
easeuM, cheese. 

Rods: Short or long chains of short or 
long rods. Non*niotile. Gram<positive. 

Milk: Acid with coagulation in 3 to 5 
days or longer, may become slimy 
Forms about 1.6 per cent lactic acid. 

Utilizes casein and therefore important 
in cheese ripening. 

Acid from glucose, fructose, mannose, 
galactose, maltose, lactose, mannitol and 


salicin. May or may not ferment su¬ 
crose. Mostly dextro lactic acid formed 
though a small amount of levo lactic acid 
may be formed. Only lactic acid pro¬ 
duced with a trace of other by-products. 

This is the more common lactic acid 
rod found in milk and milk products. 
Orla-Jensen disti^nguishes it from Lacto¬ 
bacillus ‘planiarum in that it produces 
dextro lactic acid and usually ferments 
lactose more readily than sucrose or 
maltose. 

Temperature relations: Optimum 30®C. 
Minimum 10°C. Maximum 37® to 40®C 
and with some strains 45°C. 

Microaerophilic. 

Source: From milk and cheese. 

Habitat: Probably more widely dis¬ 
tributed than indicated by isolations. 


10. Lactobacillus plantanun (Orla-Jen- 
sen) Holland. (Strcptobactcrium plan¬ 
iarum Orla-Jensen, The I^ictic Acid 
Bacteria, Copenhagen, 1919, 174; Hol¬ 
land, Jour. Bact., 5, 1920, 225.) From 
Latin plania, sprout; M. L., a plant. 

Probable synonyms: Bacillus pabuli 
acidi II Weiss, Inaiig. Diss., Gottingen, 
1898; Cent. f. Bakt., II Abt , 5, 1899, 
599 {Lactobacillus pabuliacvU Bergcy 
et al.. Manual, Ist ed., 1923, 247); Ba¬ 
cillus cucumcris ferrncnlati Henneberg, 
Ztschr. f. Spiritusindustirc, 26, 1903, 22; 
Cent. f. Bakt., II Abt., II, 1903, 1C6 
(Laciobactllus cucumcris Hcrgey et al.. 
Manual, 1st ed., 1923, 250); Bacillus 
wortmannii Henneberg, Cent. f. Bakt., 
II Abt., II, 1903, 162 {Lactobacillus 
wortmannii Bergey et al., Man mil, 3rd 
ed., 1930, 288); Bacillus listeri Henne¬ 
berg, Ztschr. f. Spiritusindustrie, 26, 
1903, 22; Cent. f. Bakt., II Abt., II, 
1903, 161 {Lactobacterium listeri van 
Steenberge, Ann. Inst. Past., 34, 1920, 
814; Lactobacillus’ listeri Bergey et al., 
Manual, Ist ed., 1923 , 248); Bacillus 
maercki Henneberg, loc, cit,\ Bacillus 
leichmanni II Henneberg, he, cilr. 
Bacillus beijerinckii Henneberg, Ztschr. 
f. Spiritusindustrie, i6, 1903, 22; see 
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Cent. f. Bakt., II Abt., 11, 1903, 169 
{Lactohacillus heijerinckii Bergey et al., 
Manual, Ist ed., 1923, 248); Lactobacillus 
peniosus Fred, Peterson and Anderson, 
Jour. Biol. Chem., 48, 1921, 410; Jour. 
Biol, ("hem., 65, 1922, 111; Lactobacillus 
arabinosus Fred, Peterson and Anderson, 
Jour. Biol. Chem., 48, 1921, 410; Bac¬ 
terium busae asiaticae Tschekan, C"cnt. 
f. Bakt., II Abt., 78, 1929 , 89 (Lacto¬ 
bacillus busaeasiaticus Bergey et al , 
Manual, 3rd cd., 1930, 288); Bacterium 
brassicae Wchrner, ("ont. f. Bakt., II 
Abt , 10, 1903, 628 [Lactobacillus bras¬ 
sicae LoFovrc, Abst. Bact., 6, 1922, 25). 

Description fnjin Orla-Jensen supple¬ 
mented by material from Pederson, Jour. 
Buct., 5/, 1936, 217. 

Bods: Ordinarily 0.7 to 10 by 3 0 to 
8.0 microns, occurring singly or in short 
chains, w it h rounded ends. Under favor¬ 
able growth conditions these organisms 
tend to be short rods I'nder adver.se 
conditions they tend to be longer, for 
example, in tomato juice agar at 45^(' 
(Peder.son, N. Y. Agr K.\p, Sta. Tech. 
Bull. 150, 1929). In fermenting vege¬ 
tables, the organisms tend to become 
longer as the acidity becomes greater. 
The organisms are usually longer in milk 
than in broths. Differences in mor¬ 
phology are \\ell illustrated by Orla- 
Jensen. Non-motile. (lram-|) 08 itive. 

(ielat in-yeast extract-glucose stab 
Filiform growth. No liquefaction 
Agar slant : (Irowth, if any, is very 
faint. 

Broth: Turbid, clearing after a few 
days. A few strains flocculate. 

Litmus milk : Acid, usually coagulated 
Nitrites not produced from nitrates 
The majority of strains form acid from 
glucose, fructose, mannose, galactose, 
arabinosc, sucrose, maltose, lactose, 
raffinose and salicin, and to a lesser ex¬ 
tent, from sorbitol, mannitol, dextrin, 
glycerol and xylose. Bhamno.se, starch 
and inulin usually not fermented. 

liactic acid (usually inactive) with 
only small quantities of acetic acid and 
carbon dio.xide is formed in the fermenta¬ 


tion of hexose sugars. Acetic and lactic 
acid are produced from the pentoses. 
Forms up to 1.2 per cent acid in broth. 

This species is the inactive lactic acid- 
producing rod from fermenting materials 
but is closely related to Lactobacillus 
casei. It ferments sucrose and maltose 
as readily as lactose. 

Salt tolerance: Usually grows in salt 
up to 5.5 per cent. 

Temperature reliitions; Optimum tem¬ 
perature 30®C. Minimum 10®C. Maxi¬ 
mum 40®C. Thermal death point 65® to 
75®(‘ for 15 minutes. 

Microacrophilic. 

Sources from which isolated: Milk, 
chee.se, butter, kefir, feces, fermenting 
fxitatoes, beets, corn, chard, bread dough, 
.sauerkraut, cucumber pickles, tomato 
pickles, cauliflower pickles and spoiled 
tomato products 

Habitat : Widely distributed in nature, 
particularly in fermenting plant and 
anim.al products. 

10a Lactobacillus plantarum var ru- 
(hnsis lireed and Pederson (not Peter¬ 
son). (Jour Bact ,56,1938.667.) This 
(diromogenic organism isolated from 
cheese is one of two species resfxinsible 
for the developinenl of rusty spots in 
cheese. It is impossible to determine 
whether the incomphtcly de.scribeil 
.species Bacillus rmlcn.s,s Connell, Ca- 
nathan Dept, of Agric , Dairying Service, 
(Ottawa, Be|)ort for 1897, 7 is identical 
\^ith this variety of Lactobacillus plan¬ 
tar am or uith Lactobacillus brevis var. 
riahnsis (sec species No. 12a) This 
i*hromogenesi.s is pnaluced in starch 
media under anaci'obic contlitions. 

11 Lactobacillus leichmannii Bergey 
et al. (Bacillus Icichmanni I, Henne- 
berg, Ztschr. f Spiritusindustrie, 26, 
19C3, 22; see ("cut f. Bakt . II Abt., 11, 
1903, 163; Bergey et al., Manual, 2nd cd., 
1925, ISO.^ Nameil for Prof. G. Leich- 
mann, a (iornmn bacteriologist. 

Probable synonym: Bacillus leich- 
ffiarim III, Hcnneberg, /oc. ci(. 
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Rods: 0.6 by 2.0 to 4.0 microns, occur¬ 
ring singly and in short chains. The 
cells show two or more deeply^staining 
granules. Xon-motile. Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies; Small, clear with white 
centers. 

Agar slant: Limited, grayish streak, 
better growth in stab. 

Broth: Turbid. 

Nitrites not produced from nitrates. 

Acid from glucose, fructose, maltose, 
sucrose, trehalose, and slight amounts 
from galactose, mannitol and a-methyl- 
glucoside. Lactose, rafHnose, arabinose, 
rhamnose, dextrin and inulin not fer¬ 
mented. Forms 1.3 per cent lactic acid 
in mash. 

Optimum temperature 36®C. M:ixi- 
mum 40® to 46®C. 

Microaerophilic. 

The species is apparently similar to 
LactohacHlm delbrneckti but has a lower 
optimum temperature. 

Source: From compressed yeast and 
from fermenting milk. 

Habitat: Dairy and plant products. 

12. Lactobacillus brevis (Orla-Jensen) 
Bergey et al. (Bacillus t, v. Freuden- 
reich, Landw. Jahrb.d. Schweiz, 1891,22; 
Bacillus casei 7, v. Freudenreich and 
rhdni, Landw. Jahrb. d. Schweiz, 1904, 
526; also Orla-Jensen, Cent. f. Bakt., 
II Abt., /5, 1904, 604; Belabaclerium 
breve Orla-Jensen, The Lactic Acid Bac¬ 
teria, 1919, 175; Bergey et al., Manual, 
4th ed., 1934, 312.) From Latin brevis, 
short. 

Probable synonyms: Bacillus brassicae 
fermenlatae Henneberg, Ztschr. f. Spin- 
tusindustrie, 26, 1903; Cent. f. Bakt., II 
Abt., 11, 1903, 167 (Lactobacillus fer- 
mentatae Bergey et al.. Manual, 1st ed., 
1923, 252); Bacillus panis fermentati 
Henneberg, Ztschr. f. Spiritusindustrie, 
f5, 1903; Cbnt. f. Bakt., II Abt., 11, 
1903, 168 (Lactobacillus panis Bergey 
et al.. Manual, 1st ed., 1923, 251); BaciU 
iui oeidophiLacrogenes Torrey and Rahe, 
Jour. Inf. Dis., 17, 1915, 437 (Lactobacil¬ 


lus ocidophiLacrogenes, Holland, Jour. 
Bact., 5, 1920, 216); Lactobacillus pento- 
aceticus Fred, Peterson and Davenport, 
Jour. Biol. Chem., S9, 1919, 357; Peterson 
and Fred, ibid., 42, 1920, 273; Lactobacil¬ 
lus pentoaceticus var. magnus Iwasaki, 
Jour. Agr. Chem. Soc. Japan, 16, 1940, 
148; Lactobacillus bjcopersici Mickle, 
Abst. Bact.. S, 1924 , 403; Mickle and 
Breed, New York Agr. Exp. Sta. Tech. 
Bull. 110, 1925; Pederson, ibid., Tech. 
Bull. 150 and 151, 1929; Baclenum soya 
Saito, Cent. f. Bakt., II Abt., 17, 1907, 
20 (Laclobacillu.^ soyae Bergey et al., 
Manual. 1st ed., 1923 , 251). 

Bacillus caucasiru.^ von Freuden¬ 
reich, Cent. f. Bakt., II Abt., 3, 1897, 
135 and Bilahactcrium caucasicum Orla- 
Jensen, The I..actic Acid Bacteria, 1919, 
173 were isolated from kefir grains 
and considered to be the organism Kern 
isolated in 1882. They are gas-producing 
lactobacilli but are less active toward 
sugars than Lactobacillus brevis. 

Description supplemented by material 
from Pederson, Jour, of Bact., 36, 1938, 
105. 

Rods - 0.7 to 1.0 by 2.0 to 4.0 microns, 
with rounded ends, occurring singly and 
in short chnin.s, and occasionally in long 
filaments which may show granulation. 
Non-motile. Gram-positive. 

Gelatin: No liquefaction. 

Agar slant: Growth, if any, faint. 

Broth: Turbid, clearing after a few 
days. 

Milk: Acid produced but no clot e.xcept 
with some freshly isolated strains. 

Does not attack casein as a rule. 

Is able to utilize calcium lactate as a 
source of carbon. 

Acid from arabinose, .xylose, glucose, 
fructose, galactose and maltose. Strains 
vary in fermentation of lactose, sucrose, 
mannose and raffiinose. Salicin, manni¬ 
tol, glycerol, rhamnose, dextrin, inulin 
and starch seldom fermented. Usually 
shows a particularly vigorous fermenta¬ 
tion of arabinose. 

Lactic acid usually inactive; acetic 
acid, ethyl alcohol and carbon dioxide 
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formed in fermentation of aldohexoses. 
Mannitol produced from fructose. Ace¬ 
tic and lactic acid produced from the 
pentoses. 

This species includes the large group 
of gas-producing lactic acid rods ordi¬ 
narily characterized by a marked fer¬ 
mentation of pentoses, particularly 
arabinose. They usually also ferment 
fructose more readily than glucose. 

Temperature relations: Optimum 30°C. 
Growth poor below 15® and above 37°C. 
Maximum 38®C. 

Source: From milk, kefir, cheese, 
feces, fermenting sauerkraut, ensilage, 
manure, soils, sour dough, and spoiled 
tomato products. 

Habitat: Widely distributed in nature, 
particularly in plant and animal products. 

12a. Lactobacillus brevis var. rudensis 
Breed and Pederson. (Lactobacdlus ru¬ 
densis Davis and Mattick, Proc. Soc. 
Agr. Bact., 1936, 3 (this organism is j»rc- 
sumably the same as Bacillus rudensis 
Davis and Mattick, Jour. Dairy Res., f, 
1929, 50); Breed and Pederson (not 
Peterson), Jour. Bact., 36, 1938, 667.) 
This chromogenic variety isolated from 
cheese is a causative agent in the pro¬ 
duction of rusty spot in cheese. From a 
study of cultures, it is regarded as a 
chromogenic variety of Lactobacillus 
brevis. See also species No. 10a. 

13. Lactobacillus buchnerl (Henne- 
berg) Bergey et al. (Bacillus buchneri 
Henneberg, Cent. f. Bakt., II Abt., 
If, 1903, 163; Bergey et al.. Manual, Ist 
ed., 1923, 251.) Named for Prof. E. 
Buchner, a German bacteriologist. 

Probable synonyms: Bacillus wehmeri 
Henneberg, Cent. f. Bakt., II Abt., 11, 
1903, 165 (Lactobacillus wehmeri Bergey 
et al.. Manual, Ist ed., 1923, 249); Ba¬ 
cillus hayducki Henneberg, Cent. f. 
Bakt., II Abt., 11, 1903, 163 (Lactobacil- 
lus hayduckii Bergey et al,. Manual, 1st 
ed., 1923, 253); Bacterium mannitopoeum 
MQller-Thurgau, Cent. f. Bakt., II Abt., 
1908, 396; ibid,, 36, 1912, 129; ibid., 


48, 1917 (Lactobacillus matinitopoeus 
Pederson, New York Agr. Exp. Sta. 
Tech. Bull. 150 and 151, 1929; Lacto¬ 
bacillus mannitopoeus var. fermentus 
Iwasaki, Jour. Agr. Chem. Soc. Japan, 
16, 1940, 148). * 

Description supplemented by material 
from Pederson, Jour. Bact., 36, 1938, 107. 

Hods: 0.35 by 0.7 to 4.0 microns, occur¬ 
ring singly, in pairs and chains or in fila¬ 
ments 25 microns or longer. Non-motile. 
Gram-positive. 

Agar colonies: White to yellowish, ad¬ 
herent. 

Agar slant: Growth, if any, faint. 

Broth: Turbid, clearing after a few 
days. 

Litmus milk: Usually unclianged but 
may be slightly acid with no reduction. 

Nitrites not produced from nitrates. 

Acid usually from arabinose, xylose, 
glucose, fructose, galactose, mannose, 
sucrose, lactose, maltose and raffinose. 
Mannitol, sorbitol, glycerol, rhamnose, 
salicin, inulin, dextrin and starch fer¬ 
mented by a few strains. 

Lactic acid usually inactive. Acetic 
acid, ethyl alcohol and carbon dioxide 
formed in the fermentation of aldo- 
hexoses. Mannitol produced from fruc¬ 
tose. Acetic and lactic acid from pen¬ 
toses. 

Strains of this species might be con¬ 
sidered intermediates between Lacto¬ 
bacillus brevts and Lactobacillus fermenti. 

Forms 1.3 per cent lactic acid in mash 
and 2.7 per cent alcohol. 

Optimum temperature 32® to 37®C. 
Minimum 10® to 15®C. Maximum 44® 
to 48®C. 

Source : From sour mash, pressed yeast, 
molasses, wine, catsup and sauerkraut. 

Habitat: Widely distributed in fer¬ 
menting substances. 

14. Lactobacillus pastorianus (Van 
Laer) Bergey et al, (Saccharobacillus 
pastorianus Van Laer, Cont. PHistoirc 
dcs Ferments des Hydrates de Carbone, 
Acad. Roy. de Beige, 1892; Bacillus pas¬ 
torianus Mac5, Trait4 Pratique de Bact., 
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4th ed., 1901, 957; LaetobaeUrium pits- 
iarianum van Steenberge, Ann. Inst. 
Put., S4, 1920, 816; Bergey et al., Manual, 
lat ed., 1923, 246.) Named for P^teur, 
French chemist; from Latin pastor, a 
herdsman. 

Probable synonyms: Saceharobacillus 
poitorianua var. berolinenaia Henneberg, 
Cent. f. Bakt., II Abt., 8, 1002, 186 
(Laetobacillua berolinenaia Bergey et al.. 
Manual, 1st ed., 1923, 246); Bacillua 
lindneri Henneberg, Wochnschr. f. Brau> 
erei, 18, 1901, No. Cent. f. Bakt., II 
Abt., 8, 1902, 184 (L^tobacillua lindneri 
Bergey etal.. Manual, 1st ed., 1923,245); 
BaciUua faaciformia Schonfeld and Rom¬ 
mel, Wochnschr. f. Brauerei, 19, 1902, 
No. 40; abet, in Cent. f. Bakt., II Abt., 

9. 1902, 807 (Saccharobacillua berolinenaia 
faaeifonnia Henneberg, Handb. der Ga- 
rungsbakteriologie, 8, 1926, 123; Bacillua 
belorinenaia (sic, evidently intended for 
Bacillua berolinenaia) Otani, Cent. f. 
Bakt., II Abt., 101, 1939,149). 

Description supplemented by material 
from Henneberg, Cent. f. Bakt., II Abt., 

8.1902, 184; Shimwell, Jour. Inst. Brew¬ 
ing, 41, 1935, 481; and Pederson, Jour. 
Bact., 35,1938, 107. 

Rods: 0.5 to 1.0 by 7.0 to 35.0 microns, 
occurring singly and in chains. Non- 
motile. Gram-positive. 

Gelatin colonics: No growth. 

Beer wort gelatin stab: Beaded to 
arborescent growth. 

Beer wort agar colonies : Small, gray, 
raised, filamentous. 

Agar slant: Little or no growth; better 
in stab. 

Broth: Good growth in yeast extract. 
Turbid. 

litmus milk: Acid. 

Nitrites not produced from nitrates. 

Acid from arabinose, glucose, fructose, 
galactose, maltose, sucrose, dextrin, 
raffinose, trehalose and mannitol and 
slightly from lactose and starch. No acid 
from xylose, rhamnose or inulin. Forms 
1.5 per cent acid in muh. Also forms 
COs and alcohol, lactic, formic and acetic 
acid. 


The species includu the ordinarily 
long rod types from spoiled beers. Ap¬ 
parently the same variations in regard to 
sugar fermentation may be found u arc 
noted for similar species. 

Optimum temperature 29® to 33®C. 
Minimum 11®C. Maximum 37®C. 

Mioroacrophilic. 

Source: From sour beer and from dis¬ 
tillery yeast. 

Habitat: Probably more widely dis¬ 
tributed than indicated by isolations. 

15. Lactobacillus ferment! Heijerinck. 
(Beijerinck, Arch. n<5erl. d. sci. exactes 
et nat., S6r. 2, 7, 1901, 212; Smit, Ztschr. 
f. Giirungsphysiol., 5, 1916, 273; Lacto- 
bacterium fermentum van Steenberge, 
Ann. Inst. Past., 84, 1920, 816.) From 
Latin fermentum, ferment, yeast. 

Probable synonyms: Bacillua h, von 
Freudenreich, Cent. f. Bakt., II Abt., 
1 , 1895, 173; also Landw Jahrb. d. 
Schweiz, 1895,211; Bacillua caaei 6, von 
Freudenreich and Thoni, I.andw. Jahrb. 
d. Schweiz, 1904, 526; also Orla-Jensen, 
Cent. f. Bakt., II Abt., 13, 1004, 609; 
Betahacterium longum Orla-Jensen, The 
I^actic Acid Bacteria, 1019, 174 {Laclo- 
bacillua longua Bergey et al., Manual, 4th 
ed., 1934 , 312); Bacterium gayonii Mul 
Icr-Thurgau and OsterwaldeT, (’ent. f. 
Bakt., II Abt., 48, 1917, 1 (Lactobacillus 
gayonii Pederson, New York Agr. Exp. 
Sta. Tech. Bull. 150 and 151, 1929); 
Bacterium intermedium Mtiller-Thurgau 
and Osterwalder, Cent. f. Bakt., II Abt., 
48 , 1917, 1 (Lactobacillua intermedium 
Bergey etal.. Manual, 3rd ed., 1930, 295); 
Bacillus aderholdi Henneberg, Cent. f. 
Bakt., II Abt., It, 1903, 166. 

Description supplemented by material 
from Pederson, Jour. Bact., 35, 1938,106. 

Rods: Variable, usually short (Beije¬ 
rinck), 0.5 to 1.0 by 3.0 to 15.0 microns 
(Smit), sometimes in pairs or chains. 
Non-motile. Gram-positive (Smit). 

Yeast extract-glucose-gelatin: Fili¬ 
form, no liquefaction (Pederson). 

Agar colonies: Flat, circular, small, 
timnslucent like droplets of water. 
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Agftr slant: Growth, if any, scant. 

Broth: Turbid, clearing after a few 
days. 

Milk: Unclmnged or slightly acid. 

Nitrites not produced from nitrates. 

Reduction of litmus, methylene blue, 
indigo carmine, sodium thiosulfate. 
Na*SOa is reduced to HjS (Smit). 

Acid usually from glucose, fructose, 
maltose, sucrose and lactose (Beijerinck) 
and mannose, galactose, and raffinose; 
some strains ferment xylose; usually 
does not ferment arabinose, rhamnose, 
sorbitol, mannitol, inulin, dextrin, starch 
or salicin (Pederson). 

Lactic acid, usually inactive; acetic 
acid, ethyl alcohol and carlK)n dioxide are 
formed in the fermentation of aldehexoses 
(Smit), (Pederson). Mannitol is formed 
in the fermentation of fructose (Beije¬ 
rinck), (Smit). Acetic acid and lactic 
acid are produced from pentoses if they 
are fermented (Pederson), 

These are the higher temperature gas- 
producing rods. They usually do not 
ferment the pentoses but when they do, 
the fermentation is seldom as active as 
that produced by strains of Loctobacillus 
brevis. 

TemiK*raturc relations: Optimum 41° 
to 42®C. Minimum 15° to 18°C. Maxi¬ 
mum 18° to 50°C. 

Microac'rophilic. 

Source: From yeast, milk pnMluets, 
fermenting dough, |K)tatoes or vegetables, 
tomato products and wine. 

Habitat: Widely distributed in nature, 
particularly in fermenting plant or ani¬ 
mal products. 

Appendix I:* The folIo^^ing species 
probably should be included in the gcnu.s 
Lactobacillus. Many are duplicabis of 
the species described in full, but the ma¬ 
jority are so jioorly characterized that 
they cannot be pn)|>orly iilcntified. 


Acidobaclerium aerogenea Schlirf. 
(Stabchen Ixa, Heim, Cent. f. Bakt., 1 
Abt., Grig., 9S, 1924 , 252; Schlirf, Cent, 
f. Bakt., I Abt., Grig., 97, 1925, 114; 
Plocamobacterium aerogenes Lehmann, in 
I.<ehinann and Neumann, Bakt. Diag., 
7 Aufl., 2, 1927, 509.) Possibly Lacto¬ 
bacillus brevis Bergey et al. Produces 
acid and gas from glucose. From dental 
caries, mouth cavity and intestine. 

Acidobaclerium lactis Heim. (Heim, 
quoted from Schlirf, Cent. f. Bakt., I 
Abt., Grig., 97, 1925, 113.) Schlirf says 
that this species is probably identical 
with Bacillus necrodentalis Goadby. 
Regarded by I.ehmann (in Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
507-508) as identical with Bacillus acido¬ 
philus Morn; or it may be identical 
with Slreptobacierium casei Grla-Jensen. 
From dental caries, deposit on tongue 
and in intestine. 

Acidobaclerium moroi Schlirf. (Stab¬ 
chen Ke, Heim, Cent. f. Bakt., I Abt., 
Grig., 93, 1924, 252; Schlirf, Cent, f 
Bakt., I Abt., Grig., 97, 1925, 114 
Plocamobacterium moroi Lehmann, in 
Lehmann and Neumann, Bakt. Diag.. 
7 .Vutl , 2, 1927, 50S.) From the in¬ 
testine Similar to -Acidobaclerium lac¬ 
tis, Kuchinka (Cent. f. liakt., I Abt., 
Grig., 144, 1939, 370) reports this or- 
gani.siu :is occurring ii’ two cases of 
meningitis 

Bacillus bifidus aerobius Heurlin. 
(Ikikt. rnters. d. Keimgehaltes im 
Genitalkanale d. fiebernden Wochnerin- 
nen. Hclsinfors, 1910, 93.) From the 
genital canal. Resembles Bacillus bt- 
fidus communis Tissier. 

Bacillus bijidus capilatus Heurlin. 
(Ikikt. Unters. d. Keimgehaltes im 
Genitalkanale d. tiebernden Wochnerin- 
nen. Helsingfors, 1910, 175.) From the 
genital canal. 

Bacillus car path tens Kindraizuk. 

(Oesterr. Molkcrci Zeit., 29, 1912, 257.) 


* Arranged by Prof. C. S. Pederson. New' York Slate Experiment Station, Geneva, 
New York, March, 1945. 
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From the sour milk of the Carpathian 
region. Presumably lAiciobacilluB bid- 
garicus. 

Bacillus circularis minor Heurlin. 
(Bakt. Unters. d. Keimgchaltcs im 
Genitalkanale d. fiebernden Wochnerin- 
nen. Helsingfors, 1910, 170.) From the 
genital canal. Anaerobic. 

Bacillus necrodentalis Goadby. 
(Goadby, Microorganisms in dental ca¬ 
ries, Dental Cosmos, 4^, 1900, 213.) 
From dental caries. 

Bacillus orenburyii Horowitz-Wlas- 
sowa. (Cent. f. Bakt., II Abt , 64, 
1925, 338.) From kumys (Caucasus). 
Presumably Lactobacillus bulyaricus. 

Bacillus orienlale Batchinsky. 
(Batchinsky, Arch. d. Gc.sclisch. d. 
Naturf. St. Petersburg, 4^, 1911; quoted 
from Horowitz-Wlassowa, Cent. f. Bakt., 
II Abt., 64, 1925, 330.) From kumys in 
Ufa (U.S.S.R.). Presumably Lnciohaci/- 
lus bulgaricus. 

Bacillus sardous Gri.xoni. (Annali di 
Med. Navale, //f, 1905, 223 and Cent. f. 
Bakt., II Abt., 16, 1905, 951; Bacterium 
sardum miciurati Bianco, 11 Ccsalpino, 
8, 1912, 33.) From gioddu (Sardinia). 
Presumably Lactobacillus bulgnricus. 

Bacillus vaginae Kruse. (Scheiden- 
bacillen, Doederlein, Das Scheiden.sekret 
und seine Bedcutung fur das Puerperal- 
fieber, Leipzig, 1892,32; Kruse, in Flugge, 
Die Mikrcorganismcn, 3 Aufi., 1896, 
358; Bacillus vaginalis longus Heurlin, 
Bakt. Unters. d. Kcimgehaltes im Geni¬ 
talkanale d. fiebernden Wochnerinnen. 
Helsingsfors, 1910,170; Bacillus vaginalis 
Jotten, Arch. f. Ilyg., 91, 1922, 149; 
St&bchen Kc, Heim, Cent. f. Bakt., 1 
Abt., Orig., 98, 1924, 252; Acidobacterium 
doederleinii Heim, quoted fnnn Schlirf, 
Cent. f. Bakt., 1 Abt., Orig., 97, 1925, 
104; Plocamobacterium vaginae Lehmann, 
in Lehmann and Neumann, Bakt. Diag., 
7 Aufl., 2, 1927, 510; Lactobacillus doeder¬ 
lein Gillespie and Rettgcr, Jour. Bact., 
86, 1938, 623.) Kruse (Allgcmeine Mi- 
krobiol., 1910, 287) considers this sj)ccies 
a *iangcn Milchsaurcbacillus” all of 
which he would group under the name 


Bacillus lacUcus (not Bacillus lacticus 
Kruse, in Fliigge, Die Miknxirganismen, 
3 Aufi., 2, 1896,356 as this is Streptococcus 
lactis LOhnis). Jotten (loc. cit.) and 
Thomas (Jour. Inf Dis., 46, 1928, 218) 
consider this species identical with 
Lactobacillus acidophilus (Mom) Hol¬ 
land. From the secretion of the normal 
vagina. See Bacillus crassus Lipschtitz. 

Baclerium gracile Mullcr-Thurgau. 
(Cent. f. Bakt , 11 Abt., 20, 1908, 396; 
Miiller-Thurgau and Osterwalder, ibid., 
86, 1912, 157; ibid., 48, 1917. 1; Lacto¬ 
bacillus gracile Bergey et al., Manual, 
3rd ed., 1930, 297.) This organism which 
was isolated from wine is probably not a 
lactobacillus. It may belong to the 
genus Leuconostoc (subculture examined 
in 1936, C. S. Pederson). 

Bacterium granulosnm I.«chmann and 
Neunuinn (Kbrnchenbacillus, Luers- 
sen and Kuhn, Cent. f. Bakt., II Abt., 
20, 1907, 241; Ixjhmann and Neumann, 
Bakt. Diag , 5 Aufi., 1912, 306.) From 
yoghurt (Bulgaria). Presumably Lacto¬ 
bacillus bulgaricus. 

Bacterium lactis commune Hohen- 
nadel. (Arch. f. Hyg., 86, 1916, 237.) 
From feces. Similar to Lactobacillus 
acidophilus (Moro) Holland. 

Bacterium mazun Weigmann, Gruber 
and Hubs. (Milchsaurebakterium aus 
Mazun, Duggcli, Cent. f. Bakt., II Abt., 
16, 1905, 595; Wcigntiinn et al.. Cent. f. 
Bakt., II Abt., 19, 1907, 78.) From 
mazun (.Armenia). Presumably Lacto¬ 
bacillus bidgaricus. 

Bacterium vermiformc Ward. (Phil. 
Tran. Roy. Soc. Ijondon, 188, 1892, 149; 
Bacillus rermiformis Migula, Syst. d. 
Bakt., 2, 1900, 652; Betabacterium vermi- 
forme Mayer, Inaug. Diss., Univ. 
Utrecht, 1938.) Originally isolated from 
the ginger beer plant fermentation. 
This is presumably a slime-forming 
lactobacillus. 

Bacteroides aerofaciens Eggerth and 
Bacteroidcs bijormis Eggerth. (Jour. 
Bact., 80, 1935, 282-283.) From feces. 
Possibly lactobacilli but their relation¬ 
ships arc not definitely known. 
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Lactobacillus betadelbrueckii Kitahara. 
(Bull. Agr. Chem. 8 oc. Japan, Tokyo, 16, 
1940, 123.) From cereal inaHh. 

Lactobacillus caneus Kitahara (he. 
cit.). From cereal mash. 

Lactobacillus ciliaius Kitahara {loc. 
cit.). From cereal mash. 

Lactobactllus cnzijmothermophtlus 
Buck. (Amer. Jour. Pub. Health, 5?, 
1942, 1230.) A thermophilic (growth at 
52° and 62°C) presumal)ly sfX)re-forming 
bacillus isolated from pasteurized milk. 

Lactobacillus fructovorans C'harlton. 
Nelson and Werkman. (Iowa State 
Ck)ll. Jour. Sci., 9, 1934, 1 .) Fnnn salad 
dressing. Similar to /mi lobacillus hrcvis 

Lactobacillus hiUfardu Oougla.^ and 
(?ruess. (Food Hesearch, /, 1930, 113.) 
This organi.sni was isolate<l from wine but 
is not completely described and so can¬ 
not be compared with previou.sly de¬ 
scribed species. 

Lactobacillus hyochi Otani, Lactobacd- 
lus hyochi var. 1, Olaiii, Lactobacillus 
hyochi var. 2, Otam, Lactobacillus jUa^ 
mentosus Otani, Lactobacillus alcohol- 
philus Otani, and Lactobacillus sapro¬ 
genes Otani. (Jour. Faculty of .\gric , 
Hokkaido Imp. Tniv., 3.9, 1930, 2 .) 
These organisms \>ere istdaicil from sitke 
With the iK)ssible exception of the last 
type, they are probably identical with 
Lactobacillus plantarum or closely related 
species. 

Lactobacillus odontolylicus Rodriguez. 
{Bacillus acidophilus odontolylicus I 
and II, McIntosh, James and Lazarus- 
Barlow, Brit. Jour. Exp. Med. and Path., 
5, 1922, 141; Bacillus acidophilus odonto- 
lyticus, ibid., U5; Lactobacillus odonto- 
lyticus and Lactobacillus odontolylicus 
Types If 7/ and III, Rodriguez, Military 
Dent. Jour., 6, 1922, 206; Bacillus odon- 
tolyticus McIntosh, James and Dizarus- 
Barlow, Brit. Jour. E.xp. Med. and Path., 
5, 1924, 178; Bacillus acidophilus-odon- 
tolyticus Rosebury, Linton and Buch- 
bindcr, Jour. Bact., 18, 1929 , 395; Lacto¬ 
bacillus odontolylicus I and //, Topley 
and Wilson, Princ. Bact. and Immun., 
2nd ed., 1936, 588.) From dental caries. 


Type I resembles and is possibly identi¬ 
cal with Bacillus acidophilus Moro and 
DoederleirPs bacillus (Bacillus vaginae 
Kruse). See Rosebury, Bact. Rev., 
8, 1944, 189 and Arch, of Path., 38, 1944, 
413. Type II shows considerable pleo- 
morphism, short coccal formsappearing 
in the more alkaline media (McIntosh, 
James and Dizarus-Barlow, Brit. Jour. 
Exp. Med. and Path., 5, 1924, 183). 
Types I, II and III of Rf)driguez (loc. 
cit.) do not corrcs|x>nd with Types I and 
II of McIntosh et al. or with the group¬ 
ings of Howe and Hatch (Jour. Med. 
Re.s , S 6 , 1917, 481;. 

Lactobacillus panis acidt Nikolaev. 
(VVis.s. Forschungsinst Bakerei-indust., 
U S. S. R., 5. 1933, 3-11.) Four isola- 
tion.s from bread dough designated by 
the (Ireek letters, a. )3, 71 and 72 . 

Lactobacillus sake Kat.agiri, Kitahara, 
Fuk.imi and Hugase (Bull. Agric. 
( hem. Soc. Japan, 10, 1934, 153.) From 
mash ihsed in the manufacture of sake. 
Similar to Lactobacillus plantarnm. 

Lactobacillus sylosus Kitahara (Bull. 
Agr (diem. Soc. Japan, Tokyo, 16, 1940, 
123.) From cereal mash 

Lartobactenufu ccrcvisiac van Stcen- 
herge. (.\nn Inst. Past., 34, 1920, S06.) 
From beer. 

Lactohacivrium conylnmcratum van 
Steenberge {loc rit., S 12 ). From beer- 
wort . 

Lactobactenum Jilatim van Steenberge 
(/or cit., 812). From beer-wort 

LactobneUrium floccoyenum van Steen¬ 
berge (/oc. cit.. 812). From beer-wort. 

Lactobactenum grave van Steenberge 
{loc. cil , 814). From beer-wort. 

Lactobactenum muliivolaticum van 
Steenberge (loc. cit., 814). From beer- 
wort. 

Lactobactcrium multivolatigcnum van 
Steenberge (he. cit., 812). From beer- 
wort. 

Lactobactcrium oligoacidijicans van 
Steenberge, (loc. cit., 814). From beer- 
wrort. 
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Lactobacterium parcifermefUans vaii 
Steenberge (loc. cit,, 812). From beer- 
wort. 

Lactobaeterivm ierricola van Steenberge 
{loc, eit., 806). From garden soil. 

Lactobacterium viecogenum van Steen¬ 
berge {loc, cit.f 814). From beer-wort. 

Streptobacillue lebenia Rist and 
Khoury. (Hist and Khoury, Ann. Inst. 
Past., 16, 1902, 70; Bacillus lebeni 
Kuntze, Cent. f. Bakt., II Abt.,;?/, 1908, 
744; Streptobacillus lebensis a and fi 
LOhnis, Cent. f. Bakt., II Abt., f;?, 1909, 
553; Streptobacillus lebenis viscosus and 
Streptobacillus lebenis nonvtscosus Se- 
verin. Cent. f. Bakt., II Abt., 24, 190^), 
488; Bacterium lebenis I..ehiminn and 
Neumann, Bakt. Diag., 5 AuH., 2, 1912, 
308.) From leben (Egypt and Near 
East). Presumably Lactobacillus bul- 
garicus. 

Streptothrix dadhi Cliatterjee (Cent, 
f. Bakt., I Abt., Orig , 66, 1910, 111 ) 
From sour milk (dadhi) of India. Pre¬ 
sumably Lactobacillus bvlgartcus 

Thermobacterium jugurt Orla-Jensen. 
(Yoghurt bakterium, Kuntze, C’ent. f. 
Bakt., II Abt., $1, 1908, 737; Orla-Jensen, 
The Lactic Acid Bacteria, 1919, 164; 
LacU^acillus jugurt UoWiimi, Jour. Hact , 
5,1920,225.) From jughurt (Bulgaria) 
Presumably Lactobacillus bulgaricus. 

Thermobacterium mathiacolle C’ecilia. 
(Le Loit, 20, 1940, 385-390.) From 
sweetened condensed milk. Possibly a 
spore-former. 

Appendix II:* The genus LepUArichia 
Trevisan, 1879 is no longer recognized as 
a valid genus. While the confusion with 
Leplothrix KUtzing, 1843 was corrected 
by Trevisan’s work, the identity of the 
type species, Leptolrichta buccal is, is un¬ 
certain. Few of the species that have 
lieen placed in Leplothrix and Leplo- 
triehia are well enough described to be 
recognized with certainty. 


All descriptions of Leptotrichia buccalis 
published earlier than 1880 are based on 
microscopic observations only. This is 
also true of the three species of Lepto- 
thrix recognized by Miller (Dio Mikro- 
organismen der Mundhohle, Leipzig, 
1889, 69-80). The species tliat he dis¬ 
tinguished in this way are recognized in 
the seven editions of Ix^hrnunn and 
Neumann’s Bakteriologische Diagnostik 
published from 18<)6 to 1927. (.'hester 
(Manual Determ. Bact., 1901, 371) also 
follows Miller’s ideas in regard to the 
nature of the species of Leptolhrix. 
These authors felt that the identity of 
the true Leptotrichia buccalis was doubt¬ 
ful 

On the other hand, Vignal (Arch, de 
Physiol, norm, et path., 8, 1886, 337) 
isolated what he thought to be this or¬ 
ganism, and it is his description that is 
used with minor cluinges by Eisenberg 
(Bakt. Diag., 3 Aufl., 1891, 134), Migula 
(Syst. d. Bakt., 2, 1900, 445) and in all 
editions of Bergey’s Manual (1923- 
19.39) up to the present edition. A study 
of Vignal’s w'ork shows, hpwever, tliat 
the filamentous organism tlmt he isolated 
and grew readily in broth, agar and gelatin 
cultures was in all probability one of 
the common spore-formers. It grew but 
rarely on the plates inoculated W'ith 
material from the mouth. As is clearly 
shown in his drawing and descriptions, 
it liquefied gelatin rather quickly with 
the formation of the characteristic wrin¬ 
kled pellicle of a spore-former. Soon 
after, Arustamow (Wratsch, 1889, Nos. 

3 and 4; abstract in Cent. f. Bakt., 
6, 1889, 349) isolated a similar aerobic, 
filamentous organism that grew readily 
at 37''C on agar and gelatin, but he also 
noted large numbers of very tiny colonies 
of a microaerophilic iiacterium which 
may have been the lactobacilli or lacto- 
bacilli-like organisms of later authors. 
Even recent excellent reviews of the 


• Completely rearranged by Prof. Robert 8. Breed and Prof. Carl S. Pederson, New 
York Bute Experiment Station, Geneva, New York, March, 1945. 
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early literature (Buchanan, Systematic 
Bact., 1925, 345-353; Thj0tta, Hart¬ 
mann and B0e, Norske Vidcnkaps Akad. 
i Oslo, I, Math.-Nat. Klassc, No. 6, 
1939,41 pp.) or reviews of the voluminous 
studies of the past thirty years (Rose- 
bury, Bact. Rev., 8, 1944, 198) fail to 
clear away all of the confusion that has 
arisen. 

Some investigators, such as Heim 
(Sitzber. d. physik.-med. Soz. in 
Erlangen for 1922-23 , 54, 1925, 121) and 
his co-workers, grew the mouth strepto¬ 
cocci rea<lily and thought them important 
as the cause of dental caries. Others 
following the lead of Kliglor (Jour. Allied 
Dental Soc., /O, 1915, 282 and 445) and 
Wherry and Oliver (Jour. Inf. Dis., /9, 
1916, 299) liave found the most important 
organisms of caries to be the long, Gram- 
positive, granular, non-motilo rods that 
grow like laotolmcilli. But even here 
it is not altogether clear whether 
the high acid producing (Bact Huh aci¬ 
dophilus odontolyticus McIntosh, J.iine^ 
and liazarus-Barlow, British Jour 
E.\per. Path., 3, 1922, 115) or the low 
acid-pro<lucing type (Lcpfothrichta hue- 
calls Thj0tta et al , loc, cit,, 31) of rods 
really represents the Lcpioihtix huccahs 
of early observers. Some observers, 
e. g , Balleid (Brit. Dent. Jour , 4^» 
1925, 289), have even identified a branch¬ 
ing organism of the mouth, Actinomyces 
israeli, as Leptotrichia buccal is acconl- 
ing to Rosebury (loc. cil.j 200). 

As these mouth organisins are appar¬ 
ently better placed in other genera so 
far as they have been definitely identi¬ 
fied, the genus and the species that have 
been described as belonging in it are, 
merely listed here. 

Oenua A, Leptotrichia Trevisan, 

(Trevisan, Reale Istituto Lombardo 
di Scienze e Lettere, Ser. II, 4, 1879, 
147; not Leplolhrix Ktitzing, Phycologica 
Generalis, 1843, 198; Bacteriopsis Trevi- 
san, Atti della Accad. Fisio-Medico- 
Statistica in Milano, Ser. IV, 5, 1885, 


103; Raamuaaenia De Toni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
930; Syncrolia Enderlein, Sitzber. Gesell. 
Naturf. Freunde, Berlin, 1917, 312.) 

The type species is Leptotrichia 
huccalia (Robin) Trevisan. 

Leptotrichia huccalia (Robin) Trevisan. 
(Leptothrix huccalia Robin, Histoire 
naturelle des v^g4taux parasites, Paris, 
1853, 354; Trevisan, Reale Istituto 
Lombardo di Scienze c Lettere, Ser. II, 
4, 1879, 147; Leptothrix III, Rasmus¬ 
sen, Om Dryckning of Microorganismer 
fra Spyt of sunde Mannesker, 1883; 
Raamussenia huccalia De Toni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8, 1889, 930; Bacterium huccale Migula, 
Syst. d. Bakt., F, 1900, 445; not Lepto- 
Ihrix huccahs Chester, Manual Determ. 
Bakt., 1901, 371; not Bacillus huccalia 
Chester, ihid., 234; not Bacillua huccalia 
Trevi.^an, I generi e le specie dclle Bat- 
t(‘riacec, 1889, 15; Syncrotia huccalia 
Knderlein, Sitzungsber. Ges. Naturf. 
Freunde, Berlin, 1917, 312; Bacillus 
huccahs Holland, Jour. Bact., 5, 1920, 
217.) Fiom the mouth. 

Gther species that have been associated 
with this genus arc as follows: 

Bacillua maximus huccalia Miller. 
(Deutsche med. Wchnschr., 74> 1888,612; 
Bacillua huccalia Trevisan, 1 generi e le 
specie delle Batteriacee, 1889,15.) From 
the mouth. Regarded by Goadby (The 
Mycology of the Mouth, London, 1903) 
and by Kligler (Jour. Allied Dental Soc., 
to, 1915, 152) as a spore-former. 

Leptothrix aateroide Mendel. (Compt. 
rend. Soc. Biol., Paris, 81, 1918, 471-475.) 
From the mouth. Rosebury (Bact. Rev., 
8, 1944 , 202) thinks this Gram-negative, 
anaerobic organism belongs in Bacteroidea 
Castellani and Chalmers. 

Leptothrix anaerohiua tenuia Lewko- 
wicz. (Arch. m4d. exp. anal, path., 
IS, 1901, 633; Leptothrix tenuis Weinberg 
et al., Les Microbes Ana^robies, 1937, 
844; Paeudoleptothrix tenuis Pr4vot, 
Ann. Inst. Past., 60, 1938, 301.) From 
mouths of infants. 
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Leptothrix fateiformu Beust. (Dental 
Cosmos, SO, 1908, 594; Jour. Dent. Res., 
16, 1937, 379.) From the mouth. 

Leptothrix filiformie Castellani and 
Chalmers. {BacHlue (Leptothrix?) pyo¬ 
genes Jiliformte Flexner, Jour. Exp. Med., 
/, 1896, 211; Castellani and Chalmers, 
Man. Trop. Med., 3rd ed , 1919, 1068.) 
From the genital tract and thoracic cavi¬ 
ties of a rabbit with an acute pleuritis, 
pericarditis, pneumonia and acute 
endometritis. Gram-negative. Not re¬ 
garded as identical with Bacillus pili- 
formis Tyzzer (Jour. Med. Res., 37, 
1917,307) which is a spore-former. 

Leptothrix gigantea Miller. (Miller, 
Ber. d. deutsch. bot. Gesell., 1, 1883,221; 
Leptotrichia gigantea Trevisan, I generi e 
le specie delle Batteriacee, 1889, 10; 
Rasmussenia gigantea De Toni and Trevi- 
san, in Saccardo, Sylloge Fungorum, 8, 
1889, 930.) From pyorrhoea in dogs, 
swine and sheep. This name waa 
applied to a mixture of species. 

Leptothrix haemoglobinophila sporulens 
Mackenzie. (In System of Bact., Med. 
Res. Council, London, 8,1931,99.) From 
cerebro-spinal fluid. A Gram-negative 
spore-former. 

Leptothrix innominata Miller. (Die 
Mikroorganismen der Mundhohle, 1889, 
51, Leipzig; Pseudoleptothrix innominata 
Pr4vot, Ann. Inst. Past., 60, 193^, 301.) 
Pr5vot (loc. ciL) regards this species as 
type for his new genus Pseudoleptothrix. 
Proposed to include all filamentous forms 
from the mouth that resemble Leptothrix 
buccalis Robin. 

Leptothrix insectorum Robin. (His- 
toire naturelle der v5g4taux parasites, 
Paris, 1853, 354.) From the rectums of 
insects. 

Leptothrix maxima buccalis Miller. 
(Miller, Deutsche med. Wchnschr., 14, 
1888, 612; Leptotrichia maxima Trevisan, 
I generi e le specie delle Batteriacee, 1889, 
10; Rasmussenia maxima De Toni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8, 1889,930; Leptothrix buccalis Chester, 
Man; Determ. Bact., 1901, 371; Bacillus 


maximus Goadby, Mycology of the 
Mouth, 1903, 191.) From the mouth. 

Leptothrix parasitica Ktltzing. (KUt- 
zing, Bot. Zeitg., 1847, 220; quoted from 
Winter, in Die Pilzc, Rabenhorst’s 
Kryptogamen Flora, 2 Aufl., 1, 1880, 
57; Bacterium parasiticum Billet, Bull. 
Sci. de la France ct de la Belgique, Paris, 
1890, 199.) From a brownish deposit 
on algae. 

Leptothrix preputialis Vicentini. 
(Atti Accad. Med. Chir. di Napoli, 43> 
1890-91, quoted from Vicentini, Bacteria 
of the Sputa. Trans, by Stuter and 
Saieghi, London, 1897, 89.) From the 
urethra. 

Leptothrix pyogenes cuniculi Musca- 
tello. (Muscatcllo, 1899, quoted from 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 57; Leptotrichia cunieuli 
(sic) Nannizzi, ibid., 57.) From spon¬ 
taneous suppuration in a rabbit. 

Leptothrix racemosa Vicentini. 
(Vicentini, Atti d. r. Accad. Med.-Chir. 
di Napoli, 4^, 1892, 459; Leptotrichia 
racemosa Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4, 1934, 56.) From 
the mouth. Conidia-like bodies are 
described. Sec Vicentini, Bact. of the 
Sputa, Eng. Trans. by Stuter and Saieghi, 
London, 1897 and Williams, Dental 
Cosmos, 41 1 1899, 330. 

Leptothrix racemosa vincenti (sic) 
Mackenzie. (Leptothrix, Matthews, 
Pract., 74, 1905, 197; Mackenzie, in 
System of Bact., Med. Res. Council, 
London, 8, 1931, 94.) From localized 
empyema. Appears to be the same 
as Vicentini*8 organism. 

Leptothrix vaginalis Donn4. (Donn5, 
quoted from Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4,1934,56; Leptotrichia 
vaginalis Nannizzi, ibid., 56.) Sapro¬ 
phyte from the vagina. 

Leptothrix vaginalis von Herff. 
(Uel^r Scheidenmykosen, Samml. klin. 
Vortr. n. F., 1895, No. 137.) From a case 
of vaginal mycosis. 

Leptothrix variabilis Rasmussen. 
(Rasmussen, Om Dryckning of Micro- 
organismer fra Spyt of sunde Mannesker, 
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IS8Z\ Leptothrix //, Zopf, Die Spaltpilze, 
3 Aufl., 1885, 107; Leptotrichia variabilU 
Trevisan, I generi e le specie delle Bat> 
teriacae, 1889,10; Raamuasenia variabilU 
De Toni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 18^, 931,) From 
saliva. 

Raamussenia ancepa De Toni and 
Trevisan. (Ijeptolhrix /, Rasmussen, 
Om Dryckning of Microorganismer fra 
Spyt of sunde Mannesker, 1883; Bacieri- 
opaia raamuaaeni T evisan, Atti della 
Accad. Fisio-Med.-Stat. in Milano, Ser. 
IV, 8, 1885, 103; Bacillua raamuaaeni 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 15; De Toni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
930; Leptotrichia ancepa Nannizzi, in 
Pollacci, Tratt. Mi copat. Umana, 4, 
1934, 54.) From saliva. 

Appendix III: * Many species of anaero-. 
bic. Gram-positive, non-spore-forming, 
largely parasitic rods have been de¬ 
scribed. These are similar in many ways 
to the species included in Lactobacxllua. 
Pr^vothas arranged these in the follow¬ 
ing genera. Several are inadequately 
studied and scarcely deserve recogni¬ 
tion. Some, as indicated, may belong 
in other genera, e.g., sjwre-formers 
belonging in genus Clostridium. Some 
species produce gas in sugar broths or 
have other characteristics (e.g., motility) 
that are unusual for the families that 
include Gram-ixwitive, non-spore-form¬ 
ing rods. 

Genua 7. Eubacterium Prbvot 
(Ann. Inst. Past., 80, 1938, 294.) 

Non-motile, straight or curved rods. 
Usually occurring singly, in pairs or very 
short chains. Never show branching. 
Not capsulated. Gram-positive. An¬ 
aerobic. 

1. Eubacterium foedana (Klein) 
Pr4vot. (Bacillua foedana Klein, 


Lancet, /, 1908,1832; Prdvot, Ann. Inst. 
Past., 80, 1938, 294,) From salted 
ham. 

2. Eubacterium nioaii (Hauduroy et 
al.) Pr^vot. (Anaerobe Bacillus, Niosi, 
Cent. f. Bakt., 1 Abt., Orig., 58, 1911, 
193; Bacteroidea nioaii Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 65; Prdvot, 
Ann. Inst. Past., 80, 1938, 294.) From 
suppurative pleuritis. 

3. Eubacterium rectale Pr4vot. (Un 
bacille ana4robie, Grooten, Compt. rend. 
Soc. Biol., Paris, 102^ 1929, 43; Bac¬ 
teroidea rectalia Hauduroy et al.. Diet, 
d. Bact. Path., 1927, 72; Pr^vot, Ann. 
Inst. Past., 80, 1938, 294.) From rectal 
ulcer. 

4. Eubacterium obsti Pr^vot. (Bacil¬ 
lus B, Obst, Jour. Inf. Dis., 24, 1919, 
159 and 168; Prdvot, Ann. Inst. Past., 
80,1938,294.) From stomach of sardines 
and from their food (small crustaceans). 

5. Eubacterium quartum Pr4vot. 
(Anaerob No. IV, Rodella, Ztschr. f. 
Hyg., 41, 1902, 474; Pr^vot. Ann. Inst. 
Past., 80,1938, 294.) From intestine of a 
child. 

6. Eubacterium quinium Pr^vot. 
(Anaerob No. V, Rodella, Ztschr. f. 
Hyg., 41 y 1902, 475; Pr^vot, Man. de 
Class, et Determ., Monographie Inst. 
Past., 1940, 65.) From intestine of a 
child. 

7. Eubacterium ethyheum Prdvpt. 
(Bacillus gracilis ethylicua Achalme and 
Rosenthal, Compt. rend. Soc. Biol., 
Paris, 57, 1906, 1025; Pr5vot, Ann. Inst. 
Past., 80, 1938, 295.) From a human 
stomach. 

8. Eubacterium cadaver is Privet (see 
Bacillus cadaveric butyricus Buday). 
No spores observed. 

9. Eubacterium tortuosum (Debono) 
Pr^vot. (Bacillus toituosua Debono, 
Cent. f. Bakt., I Abt., Grig., 88, 1012, 
233; Bacteroidea tortuoaua Bergey et al., 
Manual, Ist ed., 1923, 529; Pr4vot, Ann. 


* Arranged by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, March, 1945. 
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Inst. Past., 60f 1938, 295.) From human 
feces. 

10. Eubacierium aerofaciens (Eggerth) 
Pr^vot. {Bacteroides cierofaciena Eg¬ 
gerth, Jour. Bact., 30, 1935, 282; Prdvot, 
Ann. Inst. Past., 60, 1938, 295.) From 
human feces. 

11. Eubacierium biforme (Eggerth) 
Pr^vot. {Bacteroides biformis Eggerth, 
Jour. Bact., 30, 1935, 283; Pr^vot, Ann. 
Inst. Past., 00, 1938, 295.) From human 
feces. 

12. Eubacierium limosum (Eggerth) 
Pr^vot. (Bacieroidea limoaus Eggerth, 
Jour. Bact., 30, 1935, 290; Prdvot, Ann. 
Inst. Past., 00, 1938, 295.) From human 
feces. Pederson (Jour. Bact., 50, 1945, 
478) secured a culture of this species from 
EJggerth, and found that it fermented 
glucose with the production of higher 
fatty (presumably butyric) acids and 
lactic acid. The species should probably 
be placed in Buiyribacterium Barker. 

13. Eubacierium diaciformana (Mas- 
sini) Prdvot. (Bacillua diaciformana 
Massini, Ztschr. f. gesammte Exp. Med., 
f, 1913, 81; Pr^vot, Ann. Inst. Past., 00, 
1938,295.) From respiratory system and 
skin. 

14. Eubacierium poeciloidea (Roger and 
Gamier) Prdvot. (Bacillua poeciloidea 
Roger and Gamier, Bull, et Mem, Sbc. 
Mdd. des HApitaux Paris, 2, 1906, 870; 
P#^vot, Ann. Inst. Past., 00, 1938, 295.) 
From intestine. 

15. Eubacierium iyphi exanihemaiici 
Prdvot (see Corynebacierium iyphi 
Topley and Wilson). 

17. Eubacierium minuium (Tissier) 
Pr^vot. (Bacillua anaerobicua minuiua 
Tissier, Hecherches sur la flore intestinale 
des nourissons, Paris, 1900; BacUroidea 
minuiua Hauduroy et al., Diet. d. Bact. 
Path., 1937, 64; Pr^vot, Ann. Inst. Past., 
00, 1938, 295.) From intestine of breast¬ 
fed infant. 

18. Eubacierium parvum (Chouk^- 
vitch) Pr^vot. (Coccobacillua anaero¬ 
bicua parvua Chouk4vitch, Ann. Inst. 
Past., 35, 1911, 256; Pr^vot, Ann. Inst. 
Past., 00, 1938, 295.) From large in¬ 
testine of a horse. 


19. Eubacierium lenium (Eggerth) 
Pr^vot. (Bacieroidea leniua Eggerth, 
Jour. Bact., 30, 1935, 280; Prdvot, Aim. 
Inst. Past., 00, 1938, 295.) From human 
feces. 

Genua II. Catenabacterium Prbvoi. 
(Ann. Inst. Past., 00, 1938, 294.) 

Xon-nu>tiIe, straight or curved rods. 
Usually grow in long chains or filaments. 
Xo branching. Xot capsulated. Gram¬ 
positive. Anaerobic. 

1. Catenabacif^rium helminihoidta 
(Lewkowicz) Prdvot. (Bacillua helmin- 
thoides Lewkowicz, .\rch. dc M6d. Exp., 
IS, 1901, 631; Pr(5vot, Ann. Inst. Past., 
00, 1938, 295.) From mouth of breast¬ 
fed infant. 

2. Catenabacterium Jilameniosum 
Prevot. (Jungano, Compt. rend. Soc. 
Biol., Paris, 00,1909, 112 and 122; Prdvot, 
Ann. Inst. Past., 00, 1938 , 295.) From 
intestine of a rat. 

3. Catenabacterium loilii Prdvot. 
(Lotti, Ann. It;. Sper., 19, 1909, 75; 
Prevot, Ann. Inst. Past., 60, 1938, 296.) 
From human appendix and intestine. 

4. Catenabacterium catenaforme (Eg¬ 
gerth) Pr6vot. (Bactcroidea catena- 
formia Eggerth, Jour. Bact., SO, 1935, 
286^ Prevot, Ann. Inst. Past., 00, 1938, 
296.) From human feces. 

5. Catenabacterium nigrum (Repaci) 
Pr4vot. (Streptobacillua gangrenae pul- 
monaria Repaci, Compt. rend. Soc. Biol., 
Paris, 61, 1910, 410; Prdvot, Ann. Inst. 
Past., 00, 1938, 296.) From gangrenous 
tissue found in a lung. 

Genua III. Ramibacterium Privot. 
(Ann. Inst. Past., 00, 1938, 294.) 

Non-motile, straight or curved rods 
with frequent branching. Not capsu¬ 
lated. Gram-positive. Anaerobic. 

1. Rarnibacterium ramoaum (Veillon 
and Zuber) Prevot. (Bacillua ramoaua 
Veillon and Zuber, Arch. m6d. exp. et 
anat. path., W, 1898, 542; Nocardia 
ramoaa Vuillemin, Encyclop^die Myco- 
log., Paris, 3, Champignons Parasites, 
1931, 132; Aciinomycea ramoaua Nan- 
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nijszi» in Pollacci, Tratt. Micopat. Umana, 
4, 1934, 42; Fuaiformis ramosus Topley 
and 'Wilson, Princ. Bact. and Iminun., 
2nd ed., 1936, 358; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 71 regard Bacillua 
poeciloidea (Eubacterium yoeciloiden) 
as a synonym; Pr5vot, Ann. Inst Past., 

60 y 1938 , 296.) Coininonly found in 
appendicitis. 

2. Ramibacterturn ramosaidcH (Bune- 
berg) Pre^vot. (RaciUus ramoaottlcH 
Rtincberg, Arb. a d. patli Inst, d Tniv. 
Helsingfors, 2, 11K)S, 271, see ( ent f. 
Bakt., I Abt., Hef , 4-^. 19()<), 665; lV‘vot, 
Ann. Inst. Past., 6Y>, J93S, 296 ) From 
peritoneal fluid in appendicitis. 

3. Ramihactcruim psetidoraniosum 
(Distaso) Pr<^vot. {Racillu.s pstudo- 
ramosus Distaso, (ent. f. Bakt , I Abt., 
Orig., 62y 1012, 441 ; RacUrotdes pseudo- 
ramosus Bergey et al , Manual, 1st ed , 
1923, 250; Pr<5vot, .\nn. Inst. Past . 
60t 1938, 206.) From human feec.s. 

Genus IV. Clllobacterium Pr^rot 
(Ann. Inst. Past., 60 ^ 10:iS, 2<)4.) 

Motile, straight or curved rod.s. Peri- 
trichous. Not capsuinted. (lram*|)osi- 
tive. Anaerobic. 

1. Cdlohaclcrium rnonilifortnv (Be- 
paci) Pr<5vot. {Bacillus wonihformi.^ 
Repaci, Compt. reml. Soc. Biol , Paris, 

61 y 1010, 216; Prdvot, Ann. Inst. Past., 
60y 1038 , 206.) From the respiratory 
system. 

2. Pillohactrnuw endorardilis (Rcnir 
tier and Braunberger) Pr<5vot. (Bacille 
BG, Boutier and Braunberger, C’ompt 
rend. Soc. Biol , Paris, 115, P.K14, 611; 
Prdvot, Ann Inst. Past . 60, 1!K1S, 24)6 ) 
From febrile endocarditis. 

3. Cillobacteriuui meningitis Prevot. 
(Stamm S. V'., (Ihoii. Mucha and Muller, 
Cent. f. Bakt., I Abt.. Orig., 1906, 
145 and 603; Prdvol, Ann. Inst Past , 
60y 1938, 207.) From meningitis follow¬ 
ing chronic otitis 

4. Cillobactertuni spatuhforme Prdvot 
(see Bacillus tenuis spatuliformis Dis¬ 
taso). Said to belong to Bacillus wclchii 
group but no spores observed. 


5. Cillobacterium multiforme Prevot 
(sec Bacillus multiformis Distaso). Said 
to belong to Bacillus welchii group but 
no sixjres observed. 

Genus \\ Bifidobacterium Orla-Jensen, 
(Orla-Jensen, Lc I.ait, 4, 1924, 469; 
Bifid ibacter i urn (sic) Prdvot, Ann. Inst. 
Past , 60y 1038, 303.) 

\on-motile rods which nuiy be swollen. 
The emls may be bifurcate or double bi¬ 
furcate Grain-ix)sitive. Anaerobic. 
This genus is regarded as one of four 
genera of lactic acid, rod-shaped bacteria 
by OrIa-Jen.sen, and he states tliat the 
organisms in the genus form dextro 
rotatory lactic acid. It is placed in the 
Onicr Actinomycelahs by Prdvot. 

1. Bifid ibacter lum bifidum (Tissier) 
Pr/vot (Prevot, .Vnn. Inst. Past., 60 y 
10.38, 303 I See Lactobacillus bifidus 
iTissier) Holland. 

2 Bifidibactcrium appendicitis Prdvot. 
'Bacillus a I/>tti, .Vnn. Ig. Sper., /P, 
1009, 75, Prdvot, .Vnn. Inst. Past., 60, 
1038, 303 ) From an infected appen¬ 
dix. 

3 Bijidibaclcrium constcllatum (White) 

Prevot. {Bacillus eonstcllatus White, 
.Four Path and Bact., 24, 1921, 69; 
Prdvot, .Vnn Inst. Past., 60, 1038, 

303.) From the intestine of bees. 

4. BifidibacUrium iHt< ^iinalis Prevot. 
{Bacillus intcstinalis tubcrculiformis 
Jacobsen. .Vlso uses Bacillus tuberculi- 
Jormis and Bacillus tubcrculiformis in- 
testinaliSy .Vnn. Inst. Past., 22, 1968, 
315, Prt^vot, .Vnn. Inst. Past., 50, 1938, 
303.) From feces of an infant. 

5 Bifidibactcrium cornuturn (Distaso) 
PnH'ot. {Bacillus cornutus Distaso, 
Out. f. Bakt., 1 .Vbt., Orig.,’52, 1912, 
443; Bactrroidfs cornutus Castellani and 
ChaliiHTs, Man. Trop. Med., 1919, 960; 
IWvot, .Vnn. Inst. Past., 55, 1938, 303.) 
Fnun human mouth and intestine. 

6. Bifidibactcrium bifurcatum Prdvot. 
{Bacillus bifurcalus gazogenes Chouk5- 
vitch, Ann. Inst. Past., 22y 1911, 348; 
Prdvot. .’Vnn. Inst. Past., 55, 1938, 303.) 
Fnnn intestine of a horse. 
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Genus II, Microbacterium Orla-Jensen,* 

(The Lactic Acid Bacteria, 1919, 179.) From Greek mikroSj small andM. L. bac¬ 
terium, a small rod. 

Small rods. Non>motile. Gram-positive. Produce lactic acid but no gsa from 
carbohydrates. Surface growth on media is good. Produce catalase. Usually heat- 
resistant. Found in dairy products and utensils, fecal matter and soil. 

The type species is Microbacterium lacticum Orla-Jensen. 

Key to the species of genus Microbacterium. 

I. Acid from starch; survives 85®C for 2J minutes. 

1. Microbacterium lacticum, 

II. No acid from starch; survives 71.6^0 for 2} minutes. 


1. Microbacterium lacticum Orla-Jen¬ 
sen. (The Lactic Acid Bacteria, 1919, 
179; Corynebacterium lacticum Jensen, 
Proc. Linnean Soc. of New So. Wales. 
69, 19S4, 50.) From Latin lac, milk; 
M. L., pertaining to milk. 

Small thin rods: 0.3 by 1.0 micron; 
may have coccus-like appearance. Non- 
motile. Granular. Gram-positive. 
Angular and pallisade arrangements of 
cells are characteristic. 

Agar slant: White or at times slight 
greenish-yellow growth; adherent. 

Gelatin: No liquefaction. 

Milk: Acid, coagulation variable. 

Nitrites usually not produced from 
nitrates. 

Indole not formed. 

Acid from glucose, fructose, mannose, 
galactose, maltose, lactose, dextrin and 
starch. No acid from .xylose, arabinose, 
rhamnose, or raffino.se. Dextro lactic 
acid formed. 

Catalase is produced. 

Temperature relations: Minimum 
10®C. Optimum 30°C. Maximum 35°C. 
Survives 85°C for 2\ minutes in skim- 
milk. 

Aerobic to facultative anaerobic. 

Source: From cheese, milking equip¬ 
ment, grass, human and bovine feces. 


Microbacterium flavum, 

Orla-Jensen (loc. cit,., 180-181) identifies 
the Bacillus acidophilus cultures ob- 
biined by him from the Kr&l collection 
as belonging to this species. The charac¬ 
ters of the Kr^l cultures deviate from 
the characters of Bacillus acidophilus as 
given by Moro. 

Habitat; Human and bovine intestinal 
tract and probably soil. 

2. Microbacterium flavum Oria Jensen. 
(Orla-Jensen, The Lactic Acid Bacteria, 
1919, 181; Mycobacterium flavum Jensen, 
Proc. Linnean Soc. of New So. Wales, 
S9, 1934, 34.) From Latin flavus, 

yellow. 

Rods: 0.5 by 1 to 2 microns. Granular 
and therefore sometimes confused with 
micrococci. Non-motile. Gram-positive. 

Agar: Surface growth usually yellow 
and viscid. 

Gelatin: No liquefaction. 

Broth containing 10 per cent salt: 
Grows as flaky precipitate. 

Milk: Slight acidity with no coagula¬ 
tion. 

Nitrites produced from nitrates. 

Indole not formed. 

Acid from glucose, fructose, mannose, 
galactose, raffinose and mannitol. No 
acid from xylose, arabinose, rhamnose, 


* Arranged by Prof. C. S. Pederson, New York State Experiment Station, Geneva, 
New York, June, 1938; further revision by Dr. M. L. Speck, Baltimore, Maryland, 
Sept., 1943. 
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sorbitol, inulin, starch, or salicin. 
Dextro lactic acid formed. 

Catalase is produced. 

Temperature relations: Optimum 30®C. 
Maximum 35^0. Minimum 20"C. Sur¬ 
vives 71.6®C for 2J but not 10 minutes. 

Aerobic to facultative anaerobic. 

Source: From milk, cheese, butter, 
milking equipment, bovine feces. 

Habitat: Bovine intestinal tract and 
probably soil. 

Appendix: While Orla-Jensen has 
placed the following species in the genus 
Microhacterium^ the description is in¬ 
complete and the organism differs from 
the other species in the genus in several 
important characters. Therefore it is 
placed in this appendix. 

Microhdcterium liquefaciens Orla-Jen- 
sen. (Orla-Jensen, The Lactic Acid 
Bacteria, 1919, 182; Corynebacterium 
liquefaciens Jensen, Proc. Linnean 
Soc. of New So. Wales, 69, 1934, 49.) 
From Latin liqueo, to be liquid; Jacio, 
to make. 


Morphologically resembles Micro* 
bacterium lacticum. 

Agar: Surface growth is faint j'ellowish- 
green. 

Gelatin: Liquefied. 

Milk: Rennet coagulation in 1 to 3 
weeks; the casein is peptonized gradually. 

Catalase is produced. 

Temperature relations: Optimum30^C. 
Withstands heating to 80*’C. 

Action on carbohydrates has not been 
described; Orla-Jensen states that very 
little acid is produced. 

Source: From milk and more frequently 
from cheese. 

Habitat: Presumably dairy products. 

Note. The following species may 
belong here: Bacterium caseolyticum 
Kitahara, Jour. Agr. Cbem. Soc. Japan, 
Tokyo, H, 1938, 121 and 1461. A Gram- 
positive, acid-forming and proteolytic 
rod said by the author to be related to 
Microhacterium liquefaciens. 
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Genus III, Propionlbacterium Orla-Jense7i* 

(Cent. f. Bakt., II Abt., 22y 1909, 337.1 From M. L., propionic, and bacterium, a 
small rod or stick. 

Non-motile. Non-spore-forming. Gram-positive> bacteria growing under anaero¬ 
bic conditions in neutral media as short diphtheroid rods, sometimes resembling 
streptococci; under aerobic conditions with heavy inoculum growing as long, irregular, 
club-shaped and branched cells. Metachromatic granules demonstrable with 
Albert’s stain. Ferment lactic acid, carbohydrates, and polyalcohols wdth the forma¬ 
tion of propionic and acetic acids and carbon dioxide. As a rule strongly catalase 
positive, sometimes w'eakly so. Strong tendency towards anacrobiosis; development 
yery slow*, macroscopically visible colonies generally not discernible in less than 5 to 
7 days.t Nutritional requirements complex. Development best in yeast extract 
media with addition of lactates or simple carbohydrates. Optimum temperature 
30®C. Found in dairy products, especially hard cheeses 

The type species is Propionibacterium freudenreichii van Niel. 

Key to the species of genus Propionibacterium. 

I. In yeast extract-glucose media growth occurs in the form of small streptococci* 
Dirty cream-colored grow’th in stabs, with slight surface grow th of same color. 
Sucrose and maltose not fermented. 

A. Not fermenting lactexse. 

1. Propionibacterium freudenreichii, 

B. Fermenting lactose. 

2. Propionibacterium shermanii. 

II. In yeast extract-glucose media grow th occurs in the form of typical short rods of 
diphtheroid appearance. Distinct surface growth in stabs Sucrose and 
maltose are fermented. 

A. Growth brownish-red. 

1. Ferments rafiinose and mtinnitol, but not sorbitol. 

3. Propionibacterium rubrum, 

2. Ferments sorbitol, but not rafiinose and mannitol. 

4. Propionibacterium Ihoenii. 

B. Growth in stab cream-colored. 

1. Surface grow th cream-colore<l. 

a. Ferments l-arabinosc and rhamm>HC. 

5. Propionibacterium zeae, 

2. Surface growth yellow' to orange. 

a. Growth in liquid media flocculent, as if agglutinated. 

6. Propionibacterium peterssonii. 
aa. Grow'th in li(|uid media dis|)cr8ed, .smooth. 


• Revised by Prof. C. B. van Niel, Hopkins Marine Station, Pacific Grove, Cali¬ 
fornia, June, 1938; further revision by Prof. Van Niel, January, 1944. 

t In an atmosphere containing 5 per cent carbon dioxide, grrnvth is enhanced both 
aerobically and anaerobically. Contrary to the claim made by Krebs and Eggleston 
(Biochem. Jour., 35,1941,676) a differential effect of carbon dioxide tension on aerobic 
and anaerobic development has never been observed. 
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b. Do not ferment dextrin, glycogen or starch. 

7. Propionibacterium jensenii, 

8. Propionibacterium raffinoeaceum. 
bb. Ferments dextrin, glycogen and starch. 

9. Propionibacterium technicum. 

III. In yeast extract>glucose media growth occurs in the'form of highly irregular 
cells, giving the appearance of involution forms. Distinct surface growth 
in stabs. Both d- and 1- arabinose are fermented. 

A. Involution forms large, swollen spheres. Surface growth orange-yellow. 

Does not ferment xylose and rhamnose. 

10. Propionibacterium arabinosum, 

B. Involution forms long, irregular rods. Surface growth cream-colored. Fer^ 

ments xylose and rhamnose. 


11 . 

1. Propionibacterium freudenreichii 

van Niel. (Bacterium acidi propionici a, 

von Freudenreich and Orla-Jensen, 
Cent. f. Bakt., II Abt., /7, 1906, 532; 
Bacterium acidi propionici var. fuscum 
Thoni and Allemann, Cent. f. Bakt., II 
Abt., 25, 1910, 29; van Niel, The Pro¬ 
pionic Acid Bacteria, Haarlem, 1928,162; 
Werkinan and Brown, Jour. Bact , B6, 
1933, 397.) Named for Eduoard von 
Freudenreich, the Swiss bacteriologist, 
who isolated this species. 

Description taken from van Niel, and 
Workman and Brown. 

Small spherical cells, 0.5 to 0.6 micron, 
mostly in pairs and short chain.s. Little 
difference in morphology between growth 
from anaerobic solid media and neutral 
or acid liquid media. Aerobic growth 
irregular, club-shaped and branched, 
long rods. Non-motile. Show meta- 
chromatic granules. Gram-positive. 

Yeast gelatin'lactate stab: No lique¬ 
faction. 

Yeast agar-lactate stab: Dirty grayish- 
creamy development in stab; very slight 
surface growth of same color. 

Liquid media; Distinctly turbid with 
grayi8h;creamy, ropy sediment. 

Litmus milk: Slight development, faint 
reduction. Not coagulated. 

Catalase positive. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
^yoerol, dibydroxyacetonc, glucose, fruc- 


Propionibacterium pentosaceum . 

tose, mannose and galactose with the 
formation chiefly of propionic and acetic 
acids, and carbon dioxide. 

Acid from erythritol, adonitol, inositol 
and esciilin No acid from amygdalin, 
d-and l-arabinosc, dextrin, dulcitol, gly¬ 
cogen, inulin, lactose, maltose, mannitol, 
melezitose, melibiose, pcrseitol, raffinose, 
rhamnose, sucrose or xylose. 

Anaerobic. 

Distinctive characters: Inability to 
ferment any of the disaccharides when 
inoculated in yeast extract-sugar media. 

Source: Fnmi dairy products; raw 
market milk, Swiss cheese. 

Habitat : Dairy products. 

2. Propionibacterium shermanil van 
Niel. (Bacterium acidi propionici d, 
Sherman, Jour. Bact., 6, 1921, 387; van 
Niel, The Propionic Acid Bacteria, Haar¬ 
lem, 1928, 163; Werkman and Brown, 
Jour. Bact., 26, 1933, 400.) Named for 
J. M. Sherman, the American bacteriol¬ 
ogist, who isolated this species. 

Description taken from van Niel, and 
Werkman and Brown. 

Small spherical cells, 0.5 to 0.6 micron, 
mostly in pairs and short chains. Little 
difference in morphology between growth 
from anaerobic solid media and neutral 
or acid liquid media. Aerobic growth 
irregular, club-shaped and branched 
rods. Non-motile. Show metachro* 
matic granules. Gram-positive. 
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Yeast gelatin-lactalc stab: No lique¬ 
faction. 

Yeast agar-lactate stab: Dirt}' grayiab- 
crcamy development in stab; very slight 
surface growth of same color. 

Liquid media: Distinctly turbid with 
grayish-creamy, ropy sediment. 

Litmus milk: Acid coagulation 

Catalase positive. 

Indole not formed. 

Nitrites not produced from nitrates. 

^ Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose and lactose with 
the formation chiefly of propionic and 
acetic acids, and carbon dioxide. Occa¬ 
sionally arabinose is fermented. 

Acid from erythritol, adonitol, arahi- 
tol, inositol and csculin. No acid from 
amygdalin, dextrin, dulcitol. glycogen, 
inulin, maltose, mannitol, melczitose, 
melibiose, perseitol, raffinose, rhamnoso. 
salicin, sorbitol, sucrose, starch, tre¬ 
halose or xylose. 

Anaerobic. 

Distinctive characters: Resembles Pro- 
pionibacterium freudenreichii in every 
respect, but differs in its ability to 
ferment lactose. 

Source: From dairy products; Swiss 
cheese and buttermilk. 

Habitat: Dairy products. 

3. Propionibacterium rubrum van 
Niel. {Baclerium acidt propiomci var. 
rvbrum Thoni and Allemann (in part), 
Cent. f. Bakt., II Abt., 1910, 8; van 
Niel, The Propionic Acid Bacteria, 1928, 
164; Workman and Brown, Jour. Bact., 
26, 1933, 414.) From Latin ruber, red. 

Medium-sized, stoutish rods to 
elongated diplococci, 0.8 by 1.2 microns, 
occurring singly or in pairs, resembling 
diphtheroids rather than streptococci. 
Somewhat more slender in media without 
fermentable carbohydrate. Aerobic 
growth irregular, club-shaped and 
branched rods. Non-motile. Show 
metachromatic granules. Gram-posi¬ 
tive. 


Yeast gelatin-laclale stab: No lique¬ 
faction. 

Yeast agar lactate fttal): Brownish-red 
development in stab, with appreciable 
dome-shaped surface growth of same 
color. (.\lso see Margolcna and Ifanscn, 
(Vnt. f. Bakt., II Abt., 99, 1938, 107.) 

Liquid media: Turbidity in early 
stages, sediment reil and smooth. 

Litmus milk: .Vcid coagulation. 

Catahise jiositive; very weak for aerobi¬ 
cally grown cells 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments la(‘tic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galacto.se, sucrose, malt¬ 
ose, lactose, raflinosc and mannitol with 
the production chiefly of propionic and 
acetic acids and carlK)n dioxide. 

.Void from erythritol, adonitol, arabitol, 
amygdalin, esculin, salicin, melezitose 
and trehalose. No acid from d- and 1- 
arabinoso, dextrin, dulcitol, glycogen, 
inulin, melibiose, perseitol, rhiimnose, 
sorbitol, starch or xylose. 

Less anaerobic than Propionibactertum 
freudenreichii and Propionibacterium 
shermanii. 

Distinctive characters: Production of 
brownish-red pigment under anaerobic 
and aerobic conditions. Fermentation 
of raffinose and mannitol, not of sorbitol. 

Source: From various dairy products. 

Habitat: Dairy products. 

4. Propionibacterium thoenii van Niel. 
{Bacterixan cuiidi propionici var. ruhrum 
Thoni and Allemann (in part), ( eiit. f. 
Bakt., II Abt., 26, 1910, 8; van Niel, 
The Propionic Acid Bacteria, 1928, 164; 
Workman and Brown, Jour. Bact., 26, 
1933, 412.) Named for Thoni, the Swed¬ 
ish bacteriologist, who isolated this 
organism. 

Description taken from van Niel, and 
Workman and Brown. 

Medium sized, stoutish rods to 
elongated diplococci, 1.0 by 1.5 microns, 
occurring singly or in pairs, resembling 
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diphtheroids. In media without fer¬ 
mentable carbohydrate, small strepto¬ 
cocci. Aerobic growth irregular, club- 
shaped and branched rods. Non-motile 
Shows metachromatic granules. Gram¬ 
positive. 

Yeast gelatin-lactate-stab: No lique¬ 
faction. 

Yeast agar-lactate-stab: Brownish-red 
growth tliroughout stab, with appreciable 
dome-sha(KKl surface growth of same 
color. 

Liquid media: Turbidity in early 
stages, sediment smooth and red 

Litmus milk: Mostly acid coagulation. 

( atalasc positive. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, clihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose, sucrose, malt¬ 
ose, lactose and sorbitol with the forma¬ 
tion of propionic and acetic acids, and 
carbon dioxide. 

Acid fromadonitol arabitol, erythritol, 
esculin, salicin and trehalose No acid 
from amygdalin, arabinose, dextrin, dul- 
citol, glycogen, inulin, mannitol, melezi- 
tose, melibiose, iienseitol, jicctin, rath- 
nose, rliamnose, starch or xylose. 

Domke (Milchwirtsch. Forsch,, 15, 
1933, 480) reports that this species may 
or may not ferment lactose and may or 
may not produce acid from esculin and 
salicin. 

Less anaerobic tlian Fropwnibactcriuvi 
freudenreichii and Proywriibacterium 
shermanit. 

Distinctive characters: Closely re¬ 
sembles Propionibacterium rubrum in 
morphology and in the production of 
brow'nish-red pigment under aerobic and 
anaerobic conditions. Differs from this 
species in its inability to ferment rath- 
nose and mannitol, whereas fermentation 
of sorbitol occurs. 

The biochemical cliaracteristics of a 
ten-year-old stock culture have remained 
unchanged. 

Source; From cheese and buttermilk. 

Habitat: Dairy products. 


5. Propionibacteiium zeae Hitchner. 
(Hitchner, Jour. Bact., S3, 1932, 40; S8, 
1935, 473; Werkman and Brown, Jour. 
Bact., ?6', 1933, 411.) From Greek zea, 
spelt, a kind of grain; M. L. Zea, a 
generic name. 

Description of culture isolated by 
Hitchner. 

(>ells in neutral lactate me<lia spherical, 
0.8 micron, usually occurring as short 
streptococci. In carboliydrate media 
which turn acid during development, 
distinctly rod-shaped, OS by 2.0 to 3.0 
mil rons, with a slight tendency to the 
formation of club-shaped cells. Appear¬ 
ance typically diphtheroid. .\crobic 
growth irregular, club-shaped and 
branched rods. Non-motile. Show 
metachromatic granules. Oram-posi¬ 
tive. 

Yeast gelatin-lactatc-stal): No lique¬ 
faction 

\>ast agar-lactate-stab: Cream-colored 
gniw'th in stab, with distinct surface 
growth of same color. 

Liquid media: Distinctly turbid; 
cream-coloied; smooth sediment, very 
ropy. 

Litmus milk - Coagulated, acid. 

(atalase ix^sitive, especially w'hen 
grown in neutral media. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic ami pyruvic acids, 
glycerol, dihydroxyacetone, 1-arabinose, 
rhamnose, glucose, fructose, mannose, 
galactose, sucrose, cellobiose, maltose, 
lactose and mannitol with the formation 
of propionic and acetic acids and carbon 
dioxide. 

Acid from sidicin. No acid from d- 
arabinose, dextrin, dulcitol, glycogen, 
inulin starch or xylose. 

Less anaerobic than Propionibacterium 
freudenreichii and Propionibacterium 
sher?nanii. 

Distinctive characters: Cream-colored 
surface giwth, ability to ferment 1-arab- 
inose and rhamnose, but not d-arabinose 
and xylose. 

Source. Not definitely recorded. 
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Probably from silage. 

Habitat: Dairy products. 

6. Propionibacterium peterssonii van 
Niel. (Bacterium acidi propionici c, 
Troili-Petersson, Cent. f. Bakt., II Abt., 
M4, 1909, 333; van Xiel, The Propionic 
Acid Bacteria, 1928, 163; Werkman and 
Brown, Jour. Bact., 26, 1933, 406,)Xamed 
for Gerda Troili-Petersson, the Swedish 
bacteriologist, who isolated this or¬ 
ganism. 

Description taken from van Xiel, and 
Werkman and Brown. 

Cells in neutral media spherical, 0.8 
micron, occurring as short streptococci 
in clumps. In carbohydrate media which 
turn acid during development, rod-shaped 
cells in clumps, 0.8 by 1.5 to 2.0 microns. 
Aerobic growth, heavily swollen and 
branched rods. X^on-motile. Show 
metachromatic granules. Gram-posi¬ 
tive. 

Yeast gelatin-lactate stab: Xo lique¬ 
faction. 

Yeast agar-lactate stab: Cream-colored 
growth, dry and wrinkled, resembling 
that of Mycobacterium spp. 

Liquid media: Xo turbidity, sediment 
a coherent layer, cream-<*olored. 

Litmus milk: Acid, coagulated. 

Catalase positive; aewbically de¬ 
veloped growth very slightly so. 

Indole not formed. 

Xitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose, sucrose, malt¬ 
ose and lactose with the formation of 
propionic and acetic acids, and carbon 
dioxide. 

Acid from esculin and salicin. Xo acid 
from d- and 1-arabinose, cellobiosc, <iex- 
trin, dulcitol, glycogen, inulin, |>erseitol, 
pectin, rafTinose, rhamnose, sorbitol, 
starch or xylose. 

Less anaerobic than Propionibacterium 
freudenreichii and Propionibacterium 
nhermanii. 

Distinctive character: Growth in 
liquid media in clumps, giving the cul¬ 


tures the appearance of agglutinated 
bacteria. So far, the only species among 
the propionic acid bacteria possessing 
this characteristic. 

Source: From cheese and soil. 

Habitat: Dairy products. 

7. Propionibacterium jensenii van 

Xiel. (Bacterium acidi propionici 6, 
von Freudenreich and Orla-Jensen,Cent. 
f. Bakt., II Abt., 17, 1906, 532; van Niel, 
The Propionic Acid Bacteria, 1928, 163; 
Werkman and Brown, Jour. Bact., 26, 
1933, 404.) Named for Prof. S. Orla- 
Jensen, the Danish bacteriologist, who 
isolated this organism. 

Description taken from van Niel, and 
Werkman and Brown. 

In neutral media spherical to short 
rod-shaped cells, often in pairs or short 
chains, 0.8 by 0 8 to 1.5 microns, of typi¬ 
cal diphtheroid appearance. Morphology 
little influenced by developing acidity. 
Aerobic growth, irregular long rods, 
swollen and branched. Non-motile. 
Metachromatic granules. Gram-posi¬ 
tive. 

Yeast gelatin-lactate stab: Xo lique¬ 
faction 

Yeast agar-lactate stab: Cream-colored 
growth in stab, orange-yellow, dome- 
shaped surface growth. 

Liquid media: Turbid in early stages; 
cream-colored, 8m(H)th sediment. 

Litmus milk: Coagulated, acid. 

( atalase. Strongly [xisitive. 

Indole not formed. 

Xitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose, sucrose, malt¬ 
ose, lactose and sometimes nifHnose and 
mannitol with the formation of propionic 
and acetic acids, and carbon dioxide. 

.Acid from adonitol, arabitol, erythritol, 
esculin, inositol and trehalose. No acid 
from arnbinose, cellobiosc, dextrin, dulci¬ 
tol, glycogen, inulin, perseitol, pectin, 
rhamnose, salicin, sorbitol, starch or 
xylose. 
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Less anaerobic than Fropionibacterium 
freudenreichii. 

Distinctive characters: Morphologi¬ 
cally similar to Fropionibacterium ru- 
brum and Fropiombacierium thocnii 
from which it is chiefly distinguished by 
the failure to produce a red pigment 
under anaerobic conditions. The yellow 
surface growth distinguishes Fropioni- 
bacterium jensenii from Fropionibac¬ 
terium zeacy as also the inability of the 
former to ferment l-arabinose and rlmrn- 
nose. 

Source: From cheese and butter. 

Habitat: Dairy products. 

8. Fropionibacterium rafflnosaceum 

Werkman and Kendall. (Fropiontbac- 
terium jensenii var raffinosareum van 
Kiel, The Propionic Acid Bacteria. 1028, 
162; Werkman and Kendall, Iowa State 
Coll. Jour. Sci., 6y 1931, 17; Werkman 
and Brown, Jour. Bact., 26, 11>33, 402.) 
From M. L. raffinosutn, the sugar raffi- 
nose. 

Description taken fn>m van Kiel, and 
Werkman and Bn)wn 

Cells in neutral media spherical to 
short rod-shaped cells, 0 8 by 0.8 to 1.5 
microns, of typical diphthemid appear¬ 
ance. In media in which acid is pro¬ 
duced the cells are somewhat longer rod¬ 
shaped, to 2 microns in length. Aerobic 
growth irregular, long n)ds, swollen and 
branched. Non-motile. Metachroinatic 
granules. Gram-fwsitive. 

Yeast gelatin-lactatc-stab: No lique¬ 
faction. 

Yeast agar-lactate-stab: (Veam-colored 
growth in stab; distinct, oninge-yellow 
surface growth. 

Liquid media: Turbid in early stages, 
cream-colored, smooth sediment. 

Litmus milk: Coagulated, acid. 

Catalase positive; aerobically grown 
only very slightly so. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyscetone, glucose, fruc¬ 
tose, mannose, galactose, cellobiose, malt¬ 


ose, lactose, sucrose, raflfinose and manni¬ 
tol with the production of propionic and 
acetic acids, and carlK>n dioxide. 

Acid from adonitol, amygdalin, ara- 
bitol, erythritol, esculin, inositol, mclezi- 
tose, salicin and trelialose. Xo acid 
from d-and l-arabinose, dextrin, dulcitol, 
glycogen, inulin, melibiose, {lerseitol, 
pectin, rhamnose, scirbitol, starch or 
xylose. 

I^ess anaerobic than Fropionibacterium 
freudenreichii. 

Distinctive characters: Differs from 
Fropionibacterium jensenii in its some¬ 
what greater length and the ability to 
ferment cellobiose and salicin; the be¬ 
haviour of Fropionibacterium jensenii 
towards raffinose and mannitol is not 
constant, and hence cannot be used as a 
differential character. Werkman and 
Kendall have reported different agglu¬ 
tination relictions for Fropionibacterium 
jensenii and Fropionibacterium raffino^ 
saceum. 

Source: From buttermilk. 

Habitat: Dairy products. 

9 Fropionibacterium technicum van 
Xiel. (Van Xiel, The Propionic Acid 
Bacteria, 1928,164; Werkman and Brown, 
Jour. Bact , 26, 1933, 401.) From Greek 
technicus, technical; M L , of industrial 
significance. 

Description taken from van Xiel. 

In neutral media spherical cells, 0.8 
micron, in pairs and short chains. In 
acid media short rods, 0.6 by 1.0 to 1.5 
microns, often in pairs, with typical diph¬ 
theroid appearance. Aerobic growth in 
the form of irregular long rodlB, swollen 
and branched. Non-motile. Meta- 
chromatic granules. Gram-positive. 

Yeast gelatin-lactate-stab: Xo lique¬ 
faction. 

Yeast agar-lactate-stab: Cream-colored 
' development in stab, with distinct yellow 
surface grovrth. 

Liquid media: Turbid in early stages 
cream-colored, somewhat flocculent sedi < 
ment. 
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Litmus milk: Coagulation, acid. 
Catalase ix)sitive. 

Indole not formed. 

Nitrites not produced from nitrates. 
Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, arabinose, 
glucose, galactose, fructose, mannose, 
lactose, maltose, sucrose, raffinosc, dex- 
trin, glycogen and starch with the 
formation of propionic and acetic acids, 
and carbon dioxide. 

Acid from esculin. salictn and mannitol. 
No acid from dulcitol, inulin or .xylose. 

Anaerobic, but less so than Propioni- 
bacterium freudenreichii. 

Distinctive characters: The ability to 
ferment the polysaccharides dextrin, 
glycogen and starch. 

Source: From Edam and Tilsit cheese. 
Habitat: Dairy products. 

10. Propionlbacterium arabinosum 
Hitchner. (Hitchner, Jour. Bact., 23^ 
1932, 40; 28, 1934, 473; Werkman and 
Brown, Jour. Bact., 26, 1933, 410.) 
From M. L. arabicum, gum .Arabic; M. L. 
arabinosum , arabinose. 

Description of cultunj isolated by 
Hitchner. 

Cells in neutral lactate media spherical, 
0.8 micron, in pairs and .short chains. 
In acid media swollen spheres and ellip¬ 
soidal cells occur, mostly 2.0 by 3 0 to 
3.5 microns, often in pairs and short 
chains. Non-motilc. Metachromatic 
granules. Gram-positive. 

Yeast gelatin-lactate-stab: No liquc- 
fitetion. 

Yeast agar-lactate-stab: Cream-colored 
growth in stab, with distinct orange- 
yellow surface growth. 

Liquid cultures: Turbid in early 
stages, cream-colored, smooth sediment. 
Litmus milk: No coagulation. 

Catalase very slightly positive. 

Indole not formed. 

Nitrite production not recorded. 
Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, d- and 1- 
arabinose, glucose, galactose, fructose, 
mannose, cellobiose, maltose, sucrose, 


raffinose and mannitol with the produc¬ 
tion of propionic and acetic acids, and 
carbon dioxide. 

Acid from sorbitol. No acid from 
dulcitol, xylose, rhamnose, salicin or 
inulin. 

Anaerobic, but less so than Ptopioni- 
bacterium f reudenreichii. 

Distinctive characters : The develop¬ 
ment of spherical involution forms in 
acid media, tlie almost complete absence 
of catalase, the ability to ferment both 
d- and 1-arabinose, but not xylose and 
rhamnose. 

Source: Not definitely stated. 

Habitat: Dairy products. 

Note: The strain obtained from Dr. 
E. B. Fred produced only minute 
amounts of acid from lactose and starch. 
It is questionable whether these carbo¬ 
hydrates arc fermented. 

11. Propionlbacterium pentosaceum 

van Neil. {Bacillus acidi propionici 
von Freudenreich and Orla-Jensen, Cent, 
f. Bakt., II Abt., 17, 1906, 532; van Niel, 
The Propionic Acid Bacteria, 1928, 163; 
Werkman and Brown, Jour. Bact., £6, 
1933, 408.) From M. L. pentosum, a 

JKJIltOSC. 

Description taken from van Niel, and 
Werkman and Brown. 

In neutral lactate media cells spherical, 
0.8 micron, in pairs and short chains. 
In media developing acidity long, irregu¬ 
lar rods, swollen and branched, to 3 to 4 
microns in length. Aerobic growth irreg¬ 
ular, swollen and branched, long rods. 
Non-motile. Metachromatic gmnules. 
Gram positive. 

Yeast gelatin-lactate stab: No lique¬ 
faction. 

Yeast agar-lactate stab: Cream-colored 
development in stab, with abundant, 
cream-colored surface growth. 

Liquid media: Turbid in early stages; 
smooth, creamy sediment, ropy. 

Litmus milk: Coagulated, acid. 
Catalase: Slightly positive. 

Indole not formed. 
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Nitrites and free nitrogen produced 
from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, d- and l-ara- 
binose, xylose, rhamnose, glucose, galac¬ 
tose, fructose, mannose, cellobiose, lac¬ 
tose, maltose, sucrose, raffinose, mannitol 
and sorbitol with the formation of pro¬ 
pionic and acetic acids, and carbon 
dioxide. 

Acid from adonitol, arabitol, erythritol, 
esculin, inositol, salicin and trehalose. 
No acid from dextrin, dulcitol, glycogen, 
inulin, perseitol or pectin. 

Anaerobic, but less so than any of the 
other species of the genus. 

Distinctive characters: The fornution 
of long, rod-sliaped involution forms in 
acid media; the absence of pigment pro¬ 
duction, and the ability to ferment d- 
and l-arabinose, rhamnose and xylo.se 

Source: From Emmental choose. 

Habitat: Dairy products. 

Appendix: Cultures of the following 
sixjcics liave not been available for study. 
It is probable tlmt those duplicate pre¬ 
viously described species. 

Propionihacterium amyloaceum var ou- 


ranticum Sakaguebi, Swasaki and Ya- 
mada. (Bull. Agric. Chem. Soc. Japan, 
17, 1941, 13.) From cheese. Resembles 
PropionibacUrtum pentoaaceum closely. 

Propionihacterium coloratum Sakaguchi 
et al. (loc, dt.). From cheese. Re¬ 
sembles Propionihacterium thoenii. 

Prcpionibaclerium glohosum Sakaguchi 
et al. (loc. cit.). From cheese. Re¬ 
sembles Propionihacterium shermanii. 
Said not to ferment glycerol and ery¬ 
thritol. 

Propionihacterium japonicum Saka¬ 
guchi et al. {loc. cit.). From cheese. 
Said not to ferment glycerol and ery¬ 
thritol. 

Proptonibacteriu?n orienium Sakaguchi 
ot ill. {loc. cit.). From cheese. Fer¬ 
ments l-arabinose. Resembles Propioni- 
bacterium shermanii 

Janoschek (Cent. t. Bakt., II Abt., 
106, 1044 /.321) has suggested a key for 
the identification of the species in this 
genus This is based on chromogenesis 
and cultural characters. lie recognizes 
throe a<iditional species* Propionihac- 
tenurn casci, Propionihacterium pitui~ 
tosum and Propionihacterium san- 
guineum. 
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Qtnu 9 IV. Btttyribacterlum Barker and Haas.* 

(Jour. Bact., 47,1944,301.) From the chemical term, butyric and M. L. bacterium^ 
a small rod. 

Non-motile, anaerobic to microaerophilic, straight or slightly bent rods. Gram¬ 
positive. Ferment carbohydrates and lactic acid forming acetic and butyric acids, 
and carbon dioxide. Generally catalase negative but sometimes weakly positive. 
Intestinal parasites. 

The type species is Butyribacterium rettgeri Barker and Haas. 


1. Butyribacterium rettgeri Barker and 
Haas. (Strain 32, Lewis and Hettger, 
Jour. Bact., 40, 1940, 298; Barker and 
Haas,Jour. Bact., 47,1944,303.) Named 
for L. F. Rettger, The American bac¬ 
teriologist. 

Rods«Straight or slightly bent, non¬ 
capsulated. 0.7 by 2.3 microns. Occur 
ringly, in pairs and short chains. No 
branched cells observed but some cells 
have swollen club-shaped ends. Non- 
motile. Gram-positive. 

Glucose-cysteine agar: Colonies cir¬ 
cular, entire or finely irregular margin, 
translucent, often with opaque center, 
grayish-white with yellowish tinge, con¬ 
vex when small, later umbonatc, glisten¬ 
ing, smooth, finely granular. Develop 
slowly attaining a diameter of 1.5 mm in 
7 days. 

Tryptone-yeast extract-lactate agar: 
Colonies similar to above except larger 
(2 mm in 4 days at 37°C). Pulvinate 
rather than umbonate in cross sections. 

Glucose-cysteine-broth: Abundant tur¬ 
bidity and sediment. No pellicle. 

Agar stab (King and Rettger’s medium, 
Jour. Bact., 44 , 1942,302): Heavy growth 
in 2 days. Gas production often causes 
slight splitting of agar. 

Acetic and butyric acid and CO 2 pro¬ 


duced from glucose and maltose. Occa¬ 
sionally a small amount of visible gas is 
produced. lactic acid fermented read¬ 
ily without visible gtis. Arabinose, 
xylose, lactose, sucrose, trehalose, rham- 
nose, mannitol, sorbitol, dulcitol and 
glycerol are not fermented. 

Not proteolytic. 

Indole and hydrogen sulfide not formed. 

Temperature relations: Optimum 37®C. 
Maximum 40 to 45°C. Minimum 16®C. 

Generally catalase negative. 

Anaerobic. 

Source: From intestinal contents of a 
white rat. 

Habitat: Presumably found generally 
in the intestine of mammals. 

Notks: Pederson (Jour. Bact., JO, 1945, 
478) has found that cultures of two 
species described by Eggerth (Jour. 
Bact., 50, 1935, 289 and 290) produce 
higher fatty (presumably butyric) acids 
and lactic acid from glucose. These are 
named Bacter 0 idea avidus and R. limosus 
by Eggerth. Probably these species 
belong in the genus Butyrtbacierium. 

Bacillus cadaveria butyricus Buday 
(Cent. f. Bakt., I Abt., U, 1898,374) may 
also belong in this genus. 


♦Prepared by Prof. C. S. Pederson, New York State Experiment Station, 
Geneva, New York, January, 1946; review'ed by Dr. H. Barker, Berkeley, 
California. 
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FAMILY VIII. CORYNEBACTERIACEAE LEHMANN AND NEUMANN. 

(Bakt. Diag., 4 Aufl., 2, 1907, 500.) 

Non-motile (motile in Listeria) rodn, frequently banded or beaded with meta*' 
chromatic granules. May show marked diversity of form. Branching cells have 
been observed in a few species but these are uncommon. Generally Gram-positive 
but this reaction may vary depending on the nature of the cells. Where pigment is 
formed, it is grayish-yellow to orange or pink in color. Aerobic to microaerophilic. 
Anaerobic species have been rcfxirted. Gelatin may be liquefied and nitrites may be 
produced from nitrates. Animal and plant parasites and pathogens. Also from 
dairy products, soil and water. 

Key to the genera of family Corynebacterlaceae. 

I. Aerobic to microaerophilic, non-motile (or questionably motile) rods which are 
variable in form. Animal and plant [Parasites and pathogens, with some from dairy 
products, soil and water. 

Genus I. Corynebacterium^p.dSl. 

II. Small aerobic rods with 1 to 4 flagella. Clauses a monocytosis in warm-blooded 
animals. 

Genus II. Listeria^ p. 408. 

III. Microaerophilic, non-motile rods to long filaments Pathogenic on warm-blooded 
animals. 

Genus III. Erysipclothrix^ p 410. 

Genus /. Corynebacterlum Lehmann and Xeumann.* 

(I.<ehmann and Neumann, Bakt. I)iag.,l AuO., L 1896,890; Corynethrix Czaplewskit 
Deutsche med. Wchns hr , 26, 190), 723, Corynemonas Orla-Jensen, ('(*nt. f. Bakt., 
II Abt., 22, 1909, 344; Corynobactcuum Knderlein, Sitzber Gesell. Naturf. Freunde, 
Berlin, 1917, 309; lU tcamohactci turn I>owi, Wiener klin. Wrhnsrhr.. 33, 1920, 730. 
From Greek konjne, club ami M, L. hactei ium, a small rod 

Slender, straight to slightly curved rod.s, with irregularly stained segments or 
granules. Fre(iuently show pointed club-shaped swellings at the ends. Snapping 
division produces angular and pali.siide (picket fence'! arrangements of cells. Non- 
motile with i) 08 sible e.xceptions as stated in the te.vt. Gram-ix)sitivo to variable, 
sometimes young cells and sometimes old cells being Gram-negative. Granules in¬ 
variably Gram-positive. Generally quite aerobic, but microaerophilic or even anaer¬ 
obic species occur. Catalase j^ositive. They may or may not liquefy gelatin, and 
may or may not produce nitrites from nitrates. They may or may not ferment sugars, 
but they seldom produce a high acidity. Many species oxidize glucose completely to 
COi and 11*0 without producing visible gas. Some pathogenic species produce a 
powerful exotoxin. This group is widely distributed in nature. The best known 
species are parasites and pathogens on man and domestic animals. Other species 
have been found in birds and insects and the group is probably more widely distributed 
in the animal kingdom than this. Several species are well knowm plant pathogens 
while still other common species are found in dairy products, water and soil. 

The type species is Corynehacicrium diphtheriae (Fliigge) Lehmann and Neumann. 

* Rearranged by Prof. E. G. D. Murray, McGill University, Montreal, P. Q., 
Canada and Prof. Robert S. Breed, New^ York State Experiment Station, Geneva, 
New York, March, 1938; completely revised by Prof. E. G. D. Murray, Montreal, 
Prof. Robert.S. Breed, Geneva and Prof. Walter H. Burkholder, New York State 
College of Agriculture, Ithaca, New York, February, 1945. 
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Key to the species of genus Corynebacterltim. 

1. From human sources.* Non-motile.f 

A. Aerobic. No liquefaction of gelatin. 

1. Acid from glucose and usually maltose and galactose. Usually no acid from 

sucrose. Causes diphtheria. 

1. Corynebacterium diphtheriae. 

2. Not as in 1. 

a. No acid from carbohydrates. 

2. Corynebacterium pseudodiphtheriticum. 
aa. Acid from glucose and sucrose. 

b. Highly pleomorphic, varying from cocci tq rods. 

3. Corynebacterium enzymicum. 

bb. Rods with polar staining with club forms, diphtheroid in ap¬ 
pearance. 

4. Corynebacterium xerose. 

bbb. Rods as above but characteristic salmon pink growth on 
coagulated blood serum. 

5. Corynebacterium hoagii. 

B. Microaerophilic to anaerobic. Growth feeble or none at all on gelatin. 

6. Corynebacterium acnes, 

II. From domestic and laboratory animals. Non-motile. 

A. Acid from glucose. 

1. Grows poorly if at all on ordinary gelatin and agar. Slow liquefaction of 

serum gelatin and coagulated blood serum. Causes suppurative pro¬ 
cesses in cattle, swine, and other animals. 

7. Corynebacterium pyogenes, 

2. No liquefaction of gelatin or blood serum. Grows poorly, if at all, on 

ordinary gelatin and agar. 

a. Cause of pyelonephritis in cattle. 

8. Corynebacterium renale, 

aa. Found in caseous nodules resembling those of tuberculosis. Found 
in sheep, horses and some other animals. 

9. Corynebacterium pseudotuberculosis, 
aaa. From caseous nodules in mice. 

10. Corynebacterium kutscheri, 
aaaa. Causes a septicemia in mice. 

11. Corynebacterium murisepticum, 

B. No acid from carbohydrates. No liquefaction of gelatin. 

1. From milk and bovine udder. 

12. Corynebacterium bovis. 


* Habitat relationships are used because comparative studies of the species in the 
genus are still completely lacking. 

t The reports of motile species in this genus present a puzzling problem, particu¬ 
larly as the motile species of plant pathogens placed in the genus are polar flagellate. 
Some students of the group feel that, if motile species really exist, they should be 
placed in a separate genus. Others feel that a more careful study of the described 
polar flagellate species will show that these species really belong elsewhere. Where 
authors have reported motility, this fact is indicated in the text. It should be noted 
that similar uncertainties exist in regard to described cases of motility among the 
streptooocei and lactobacilli. 
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2. From pneumonia in foals. 

13. Corynebacterium equi. 

III. From insects. Non-motile. 

A. No acid from carbohydrates. Slow liquefaction of gelatin. 

14. Corynebacterium paurometabolum. 

IV. Plant pathogens. Non-motile. 

A. Nitrites not produced from nitrates. 

1. Colonics cream-colored. Slow liquefaction of gelatin. 

a. Bluish granules in growth. Attacks alfalfa. 

15. Corynebacterium inaidioeum. 
aa. No bluish granules. Causes ring rot of potatoes. 

16. Corynebacterium sepedonicum. 

2. Colonies yellow. 

a. No liquefaction of gelatin. Causes a wilt and canker of tomatoes. 

17. Corynebacterium michiganense. 

B. Nitrites produced from nitrates. Slow or no liquefaction of gelatin. 

1. Colonies yellow. Attack members of the grass family. 

18 Corynebacterium rathayi. 

19. Corynebacterium agropyri. 

2. Colonies orange. Parasitic on sweet peas, etc. 

20. Corynebacterium fascians, 

V. From soil and water. Liquefaction of gelatin in all ca.ses but sometimes very 
slow (7 weeks). 

A. Acid from glucose. Non-motile. 

1. Nitrites not produced from nitrates. 

21. Corynebacterium helvolum. 

2. Nitrites produced from nitrates. 

a Cellulose digested. 

22. Corynebacterium fimi. 

;ia. Cellulose not digested. 

23. Corynebacterium tumeacens, 

B. No acid from glucose. Some indication of motility in No. 25. 

1. Cells roccoid to short, straight or curved rods. 

24. Corynebacterium simplex. 

2. Young cells curved rods in parallel bundles These may grow out into 

filaments w’ith branching. 

25. Corym bacterium filamentosum. 


1, Corynebacterium diphtheriae 
(FiUggo) Lehmann and Neumann. (Mi- 
croaporon diphthericum Klcbs (proto¬ 
type), Vcrhandl. d. (^ngr. f. innerc 
Med., 1883, 143; die Klebs’schcn 
St&bchcn, liOffler, Mitteil. a. d. kaiserl. 
Gesundheitsamte, 1884; Bacillus diph- 
Iheriae FlUgge, Die Mikroorganismen, 
2 Aufl., 1886, 225; Pacinia loeffleri 
Trevisan, I generi e la specie delle Bat- 
teriacee, 1889, 23; Lehmann and Neu¬ 
mann, iikt. Diag., 1 Aufl., f, 1896, 350; 


Bacterium diphtheriae Migula, Syst. d. 
Bakt., 2, 1900, 499.) From Greek diph- 
thera, a piece of leather; M. L., the 
disease diphtheria. 

Common name: Diphtheria bacillus; 
Klebs-Locffler bacillus. 

Rods, varying greatly in dimensions, 
0.3 to 0.8 by 1.0 to 8.0 microns, occurring 
singly. The rods are straight or slightly 
curved, frequently swollen at one or both 
ends. The rods do not, as a rule, stain 
uniformly with methylene blue but 
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show alternate bands of stained and un¬ 
stained material and in addition one or 
more inctachi’omatic granules which are 
best shown by special stains. Non-mo¬ 
tile. Gram-positive but not intensely so 
in older cultures. 

Gelatin colonies: Slow development. 
Very small, grayish, lobulate. 

Gelatin stab: Slight growth on surface 
and scant grow*th in stab. No liquefac¬ 
tion. 

Agar slant: Scant, grayish, granular, 
translucent growth, with irregular mar¬ 
gin. 

Blood-tellurite media: Produces gray 
to black colonies. 

Colony forms: Smooth (S) colony form: 
Round and umbonate or convex, with 
even margin and smooth surface. 
Opaque when viewed by transmitted 
light, glistening and somewhat moist in 
appearance when viewed by reflected 
light. Colonies about 1 to 3 mm in 
diameter. Growth frequently slowed or 
inhibited by the presence of potassium 
tellurite in the medium. 

Rough (R) colony form: Flat, margin 
is very irregular. Surface is pitted and 
very uneven. Very little light reflected 
from surface. Translucent when viewed 
by transmitted light. Colonies about 
1 to 5 mm in diameter. 

Intermediate colony forms: Several 
colony forms are found in this gyoup 
since the term includes all forms be¬ 
tween the pure S form and the pure R 
form. Sr forms very nearly approach 
the S colonies and the sR forms nearly 
approach the pure R forms. The SR 
form shows properties distinct from 
either the S or R forms. The colonies 
are 3 to 5 mm in diameter. The margin 
usually shows indentations. The sur¬ 
face is raised but not convex; it may be 
nearly level or show' a central elevation 
surrounded by a concentric depression 
and elevation. 

Dwarf (D) colony form: Colonies very 
small, about 0.2 mm or less in diameter. 
Margin round and even. Surface convex. 

All of the above colony forms have been 


isolated from cases of diphtheria (Mor¬ 
ton, Jour. Bact., Jfiy 1940, 768 ff.). 

Broth: Uniform turbidity produced 
by S form, pellicle produced by SR 
form, sediment produced by the R form. 

Litmus milk: Unchanged. 

Potato: No visible growth. 

Blood scrum: Grow th grayish to cream- 
colored, moist, smooth, slightly raised, 
margin entire. May be bright yellow or 
occasionally reddish (Hill, Sci., 17, 1903, 
375). 

Indole is not formed. 

Nitrites are produced from nitrates. 

All strains form acid from glucose and 
fructose; some strains also ferment galac¬ 
tose, maltose, sucrose, dextrin and 
glycerol. 

Does not hydrolyze urea (Merkel, 
Cent. f. Bakt., I Abt., Grig., HI, 1941, 
398). 

A highly poisonous e.xotoxin is pro¬ 
duced in fluid media. This toxin repre¬ 
sents the principal disease-producing 
agency of the organism. Toxin produc¬ 
tion may fail in otherwise typical 
strains. 

highly ];x)tent antitoxin can be pro¬ 
duced by repeated injection of toxin into 
experimental animals. The antitoxin 
possesses both curative and protective 
properties. 

Serological types: In a study of 260 
strains of Corynebacterium diphtheriae 
Murray (Jour. Path, and Bact., 1935, 
439-45) w'as able to classify 228 strains 
into 11 serological types and 22 strains 
remained unclassified (Morton, Bact. 
Rev., 4, 1940, 196). 

Mcl^eod et al. (Jour. Path, and Bact., 
34,1931,667; ibid,, S6, 1933, 169; I>ancet, 
1, 1933, 293) describe three types which 
have been confirmed by other w'orkers; 
these are distinguishable by colony form 
on McLeod’s blood-tellurite medium, 
they are antigenically different with sub- 
types, there is some difference between 
their toxins (Etris, Jour. Inf. Dis., &0, 
1934, 220) and the severity of disease is 
associated with the type. 

CarynebacUrium diphtheriae type prosis 
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grows with dark gray, daisy-head colo¬ 
nies; ferments dextrin, starch and glyco¬ 
gen ; is not hemolytic; has very few small 
metachromatic granules; forms a pellicle, 
granular deposit and there is an early 
reversal of pH in broth. 

Corynebacterium diphiheriae type mitis 
grows in convex, black, shiny, entire 
colonies; no fermentation of starch and 
glycogen and is variable with dextrin; 
hemolytic; metachromatic granules are 
prominent; diffuse turbidity, infrequent 
pellicle and there is a late reversal of pH 
in broth. 

Corynebacterium diphiheriae type in¬ 
termedins grows a small, flat, umlx)nate 
colony with a black center and slightly 
crenated periphery; not hemolytic; bar¬ 
ring of bacilli is accentuated; there is no 
fermentation of starch and glycogen, and 
is variable with dextrin; forms no pellicle, 
a fine granular deposit and there is no 
reversal of pH in broth. 

Ten years of observations in all parts 
of the world have shown (McLeod, Bact. 
Rev., 7, 1943, 1) that a small percentage 
of strains does not correspond closely to 
any of these three types. Variant strains 
are found most frequently in regions 
where the diphtheria is of mild or moder¬ 
ate severity. 

Aerobic, facultative. 

Optimum temperature 34® to SO'T. 
Grows well at 37®C. 

Source: Commonly from membranes in 
the pharynx, larynx, trachea and nose 
in human diphtheria; from the seemingly 
healthy pharynx and nose in carriers; 
occasionally from the conjunctiva and 
infected superficial wounds. Found oc¬ 
casionally infecting the nasal jmssages 
and wounds in horses. Has been de¬ 
scribed from natural diseases in fowl. 

Habitat: The cause of diphtheria in 
man. Pathogenic to guinea pigs, kittens 
and rabbits. For action on other animals 
see Andrews et al., Diphtheria. London, 
1923, 170 ff. 


icum Lehmann and Neumann. (Bacillus 
der pseudodiphtherie, Loeffler, Cent. f. 
Bakt., 2, 1887, 105; G. von Hofmann- 
Wellenhof, Wien. med. Wochenschr., 
58, 1888, 65; Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 5,1896,361; BocUIub 
pseudodiphthericus Kruse, in Flugge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
476; Bacterium pseudodiphiheriticum 
Migula, Syst. d- Bakt., 2, 1900, 

503; Mycobacterium pseudodiphlhericutn 
Chester, Man. Determ. Bact., 1901, 355; 
Bacillus hoffmanii (sic) Holland, Jour. 
Bact., 5, 1920, 218; Corynebacterium 
hoffmanii (sic) Holland, ibid,^ 220; 
Corynebacterium pseudodiphtheriae Hol¬ 
land, ihid,; Corynebacterium pseudodiph- 
thencum Bergey et al , Manual, 2nd ed., 
1925, 393.) From Greek pseudus^ a 
falsehood; M. L., the disease diphtheria. 

Common name: Pseudodiphtheria ba¬ 
cillus or Hofmann’s bacillus. 

Excellent historical discussions of this 
and related organisms are given by Ber¬ 
gey, Comparative Studies upon the 
Pseudo-diphtheria or Hofmann’s Ba¬ 
cillus, the Xerosis Bacillus, and the 
Loeffler Bacillus. Contrib. from Lab. of 
Hyg., Univ. of Penn., No. 2, 1898,19-54 
and by Andrewes et al., Diphtheria. 
I^ndon, 1923 , 382-388. 

Rods, with rounded ends, 0.3 to 0.5 by 
0.8 to 1.5 microns, fairly uniform in 
size, without swollen ends. Not barred 
but even staining interrupted by trans¬ 
verse, medial unstained septum; granules 
usually absent. Non-motile. Gram- 
positive. 

Gelatin colonies: Small, grayish to 
cream-colored, smooth, homogeneous, 
entire. 

Gelatin stab: Slight surface growth 
with little growth in stab. No liquefac¬ 
tion. 

Agar colonies: Opaque, grayish to 
cream-colored, smooth, homogeneous, en¬ 
tire. 

Agar slant: Moist, smooth, white to 
cream-colored, entire growth. 

Loeffler’s blood serum: As on agar. 


2. Corynebacterium pseudodlphtherlt 
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Broth; Slightly turbid with slight, 
grayish sediment. 

Litmus milk: Unchanged. 

Potato: Slight, creamy-white, smooth, 
entire growth. 

Indole not formed. 

Nitrites produced from nitrates. 

No acid from carbohydrate media. 

Hydrolyzes urea (Merkel, Cent. f. 
Bakt., I Abt., Orig., 747, 1941, 398). 

Aerobic, facultative. 

Optimum temperature 37°C. 

Not pathogenic. 

Source: From oral cavity of 26 out of 
45 control cases. 

Habitat: Normal throats. 

3. Corynebacterium enzymlcum (Mel¬ 
lon) Eberson. (An unusual diphtheroid 
bacillus, Mellon, Med. Record, New 
York, 8/, 1916, 240; Bacillus enzymicus 
Mellon, Jour. Bact., 5,1917,297; Eberson, 
Jour. Inf. Dis., 55, 1918, 29.) From 
Greek en, inside of; zyme, leaven; of an 
enzyme. 

Rods, beaded and club-shaped, defi¬ 
nitely pleomorphic, showingcoccoid forms. 
Non-motile. Gram-positive. 

Gelatin stab: Slight surface growth. 
No liquefaction. 

Glucose agar: Bacillary form shows 
very small colorless colonies. Coccoid 
form shows heavy, yellowish-white, moist 
growths. 

Blood agar: Same as on glucose agar. 

Loeffier’s blood serum: Fine, moist, 
confluent growth. 

Glucose broth: Bacillary form shows 
granular sediment. Coccoid form shows 
diffuse, luxuriant growth. 

Litmus milk: Acid, coagulated. 

Potato: No growth. 

Indole formation slight. 

Slight production of nitrites from ni¬ 
trates. 

Acid from glucose, maltose, sucrose, 
dextrin and glycerol. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Pathogenic for rabbits, guinea pigs and 
mice. 


Source: Lungs, blood and joints. 

Habitat: From human sources so far as 
known. 

4. Corynebacterium xerose (Neisser 
and Kuschbert) Lehmann and Neumann. 
{Bacillus xerosis Neisser and Kusch- 
hert, Brcsiaucr artzl. Ztschr., No. 4, 
1S83; Xeroscbncillen, Kuschbert, 
Deutsche mod. Wochnschr., 10, 1884, 
321 and 341; Padnia iicisseri Trc\is&n, 
I geiieri c le specie delle Batteriacce, 
1889, 23; liehmanii and Neumann, Bakt. 
Diag., 2 Aull., 5, 1899, 405; Bacterium 
xerosis Migula, Syst. d. Bakt., 5, 1900, 
485.) From Greek xcriis, dry. 

An excellent historical discussion of 
this organism is given by Andrewes et al.. 
Diphtheria. London, 1923, 377-382. 

Rods, showing polar staining, occa¬ 
sionally club-shaped forms are seen. 
Non-motile. Gram-positive. 

Plain gelatin colonies: Rarely develop. 

Serum gelatin stab: No liquefaction. 

Agar colonies: Minute, circular, al¬ 
most transparent, raised, smooth, pearly 
white. 

Agar slant: Thin, grayish, limited 
growth. 

Loeffler’s blood serum: Thin, grayish, 
adherent growth. 

Broth: Clear, with slight, granular 
sediment. 

Litmus milk: Unchanged. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid from glucose, fructose, galactose, 
maltose and sucrose. 

Not pathogenic. 

Aerobic, facultative. 

Optimum temperature 37°C. Grows 
very slowly as low as IS'’ to 25®C (P^berson, 
Jour. Inf. Dis., 58, 1918, 3). 

Source: From normal and diseased con¬ 
junctiva. 

Habitat: Probably identical with other 
species described from the skin and 
other parts of the body. 
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5. Corynebacterium hoagii (Morse) 
Eberson. (Bacillus X, Hoag, Boston 
Med. and Surg. Jour., 167^ 1907, 10; 
Bacillus hoagii Morse, Jour. Inf. Dis., 
I/, 1912, 284; Eberson, Jour. Inf. Dis., 

1918, 10.) Named for Hoag, the 
bacteriologist who first isolated the 
species. 

Rods: 0.8 to 1.0 by 1.0 to 3.0 microns, 
occurring singly. Show polar staining in 
the shorter forms while the longer forms 
are barred and slightly club-shaped. 
Non-motile. Gram-positive. 

Gelatin colonies: Small, dull, pale pink, 
entire. 

Gelatin stab: Slight pink surface 
growth. No liquefaction. 

Agar colonies: Small, pale pink, dull, 
granular, entire. 

Agar slant: Filiform, dull, pink growth. 

Broth: Turbid, with slight pink sedi¬ 
ment. 

Litmus milk: Slightly alkaline, with 
pink sediment. 

Potato: Dull, filiform streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid from glucose and sucrose but not 
maltose. 

Blood serum: Dull, filiform, pink 
streak. 

Aerobic. 

Optimum temperature 30°C. 

Source: From the throat. Air con¬ 
tamination of cultures. 

Habitat: Unknown. 

6. Corynebacterium acnes (Gilchrist) 
Eberson. (Bacillus acnes Gilchrist, 
Johns Hopkins Hosp. Repts., 9, 1901, 
425; Actinomyces acnes Gilchrist, ibid,, 
425; Eberson, Jour. Inf. Dis., tS, 1918, 
10; Fusiformis acnes Holland, Jour. 
Bact., 6, 1920, 233; Propionibacierium 
acnes Douglas and Gunter, Jour. Bact., 
Si, 1946, 22.) From M. L. acnc, the 
disease acne. 

Rods, vary in dimensions, usually 0.5 
by 0.5 to 2.0 microns, sometimes slightly 
club-shaped. Show alternate bands of 
stained and unstained material. Non- 
mbtile. Oimm-positive. 


Growth in culture media very feeble. 

Best growth occurs in shake cultures 
with soft, slightly acid, glucose agar. 

Agar slant: Very small, circular trans¬ 
parent colonies which may later become 
rose-colored. 

Ijoeffler’s blood serum: Small, grayish 
colonies, which may later become rose- 
colored . 

Broth: Clear. 

Litmus milk: Soft coagulum. 

Potato: No growth in aerobic cultures, 
but pink streak in anaerobic cultures. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose, sucrose (slight), 
maltose, mannitol and iriulin. Produces 
propionic arid (Douglas and Gunter, 
loc. cil.). 

Catalase produced. 

Microaerophilic to anaerobic. 

Optimum temperature 35° to 37°C. 

Pathogenic for mice and gives rise to 
characteristic lesions. 

Source- From acne pustules. 

Habitat: Sebaceous glands, hair fol¬ 
licles and acne pustules. 

Notes: Even before 1901, several 
authors reported finding bacteria in acne 
pustules which were evidently diphthe¬ 
roid in nature. Unna (Monatshefte f. 
prakt. Derm., IS, 1891, 232) found an 
organism in acne pustules which he gave 
the name of Flaschenbacillus. Hodara 
(Monatshefte f. prakt. Derm., J8, 1894, 
586) reported the presence of two types of 
bacteiia in acne lesions, the second of 
w^hich he called Flaschenkugelbacillus. 
Sabouraud (Ann. Inst. Past., 11, 1897, 
134) gave a more accurate description of 
these diphtheroids which he reported to 
need an acid medium for growth. He 
called this bacterium, bacillc de s^bor- 
rh^egrasse (Bacillus sabouraudi Neveu- 
Lemaire, Precis Parasitol. Hum., 5thed., 
1921, 24). 

Additional anaerobic species will be 
found in the appendix. These are Cory- 
nebacterium typhi which Eberson (foc.cit., 
19) and Hewlett (Med. Res.Council, Syst. 
of Baot., London, 6, 1930, 145) regard as 
praotieally identical with Coryndbae- 
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Uriutn acnes, and eleven species listed by 
Prdvot (Manual de Classification et de 
Determination des Bacteries Anaerobies. 
Monographic, Inst. Past., Paris, 1940, 
199-204) as follows: Corynebacterium 
diphiheroide 9 , C. widum, C. renale cunt- 
eulif C. lymphophilunif C. hepatodystro- 
phicans, C. parvum, C. anaerohium, C. 
granulosum^ C. culamsonit C. liquefaciens, 
and C. pyogenes bovis. 

7. Corynebacterium pyogenes (Glage) 
Eberson. {Bacillus liquefaciens pyo¬ 
genes bovis Lucet, Ann. Inst. Past. 7, 
1893, 327; Bacillus liquefaciens pyogenes 
Lucet, ibid.y 327; Bacillus liquefaciens 
Lucet, ibid.; Bakterium der multiplor 
Abszessbildung der Schweine, Grips. 
Ztschr. f. Fleisch- u. Milchhyg., 8, 1898, 
166; Bacillus pyogenes bovis Kunnemann, 
Arch. f. wiss. u. prakt. Tierheilk., 29^ 
1903, 128; Bacillus pyogenes Glage, 

Ztschr. f. Fleisch- u. Milchhyg., 15,1903, 
166; not Bacillus pyogenes Lucet, Ann. 
Inst. Past., 7, 1893, 327; Bacillus pyo¬ 
genes suis Lehmann and Neumann, Bakt. 
Diag., 4 Aufl.,5,1907,394; Bacterium hyo- 
pyogenes Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907, 394; Bacterium 
pyogenes suis Lehmann and Neumann, 
Bakt. Diag., 7 Aufl., 5, 1927, 499; Bac¬ 
terium pyogenes Ward, Jour. Bad., 5, 
1917, 619; not Bacterium pyogenes Ches¬ 
ter, Man. Determ. Bad., 1901, 184; 
Eberson, Jour. Inf. Dis., 85, 1918, 5; 
not Corynebacterium pyogenes Lewand* 
owsky, Cent. f. Bakt., I Abt., Grig., 
55, 1904, 473; Corynebacterium pseu- 
dopyogenes Ochi and Zaizen, Jour. Jap. 
Soc. Vet. Sci., 15, 1936, 12 and 15, 
1937, 8.) From Greek pyum, pus; 
gignomai, producing: 

For description see Brown and Orcutt, 
Jour. Exp. Med., Si, 1920, 244. 

Rods:0.2 by 0.3 to 2 microns in length. 
Smallest forms appear as scarcely visible 
points (common in old abscesses). 
Cbains formed. Club forms may be 
present. Non-motile. Gram-positive. 

Serum gelatin: Liquefaction. 

No fiowtb on ordinary agar. 

Serum agar: Minute colonies after 36 


to 48 hours. Surface colonies may in¬ 
crease to 3 mm in diameter. CJolonies 
smoky brown by transmitted light and 
bluish-white by reflected light. 

Bovine blood serum slants: Pit-like 
or more general areas of liquefaction. 

Serum bouillon: Cloudy with fine floc- 
culent grayish flakes tliat form a sedi¬ 
ment like a streptococcus culture. 

Milk.: Coagulation after 48 hours 
at 37°C, with acid at bottom of tube. 
Separation of whey and peptonization. 

Nitrites not produced from nitrates 
(Merchant, Jour. Bact., SO, 1935, 108). 

Indole not formed. 

Acid formed in serum lx)uillon from 
glucose, sucrose, lactose, and xylose but 
not from rafhnosc, inulin, mannitol and 
salicin. 

Beta hemolytic, not hetnoglobino- 
philic though growth is favored by pro¬ 
teins as egg albumen, scrum or blood 
(Brown and Orcutt, loc. cit.). 

Optimum temperature 37®C. Growth 
range 20® to 40°C. 

Intravenous injection of rabbits fatal. 

Aerobic as well as anaerobic growth. 

Source: From bovine pus. 

Habitat: Found in abscesses in cuttle, 
swine and other domestic anim;ils. 

8. Corynebacterium renale (Migula) 
Ernst. {Bacillus renalis bovis Bollinger, 
in Enderlen, Zeit. f. Tiermed., 17, 1890, 
346; Bacillus pyelonephritis bourn (sic) 
HOflich, Monatsh. f. prakt. Tierheilk., i, 
1891, 356; Bacterium renale Migula, 
Syst. d. Bakt., i, 1900, 504; Bacillus 
renalis Ernst, Cent. f. Bakt., I Abt., 
Orig., 59,1905, 550; Ernst, ibid., 40, 1905, 
80; Corynebacterium renalis bovis Ernst, 
ibid., 82.) From Latin renalis, kidney. 

Description largely taken from Jones 
and Little, Jour. Exp. Med., 44y 1926,11. 

Rods: 0.7 by 2 to 3 microns. Non- 
motile. Usually in masses, rarely single. 
Bacteria from tissues not as pleomorphic 
as those from the earlier transfer cul¬ 
tures although many show polar granules 
or swollen ends. Cultures grown in broth 
show cocooid forms and beaded rods with 
swollen ends. Gram-positive. 
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Gelatin: Grows poorly if at all. No 
liquefaction. 

Agar: Small punctiform colonies. 

Agar slants: Raised, grayish-white, and 
dry growth (Jones and Little). Others 
say ercam-colored and moist. 

Blood serum slants: Fine gray puncti¬ 
form colonies in 24 hours at 37°C which 
are a little larger than on agar. Streak 
scarcely 1 mm in width. Glistening and 
slimy in fresh cultures. No liquefac¬ 
tion. 

Litmus milk: Reduction and coagula¬ 
tion from the bottom. Slow digestion, 
becoming alkaline. 

Broth: Sediment at end of 2 days with 
clear bouillon above. 

Potato: Growth grayish-white; later, 
becoming a dingy yellow, turning the 
potato brown. 

Acid from glucose. No acid from lac¬ 
tose, sucrose, maltose and mannitol 
Some strains ferment fructose and man¬ 
nose (Merchant, Jour. Bact., SO, 1035, 
109). 

Shows a close serological relationship 
with Corynebacterium pseudotubcrcidosis 
(Merchant). Anaerobic. 

Not pathogenic for lalxiratory animals. 
No toxin produced. 

Optimum temperature 37®C. 

Source: Found in pyelonephritis in 
cattle. 

Habitat: Occurs in purulent infections 
of the urinary tract in cattle, sheep, 
horses and dogs. 

9. Corynebacterium pseudotuberculo¬ 
sis (Buchanan) Eberson. (Nocard, Bull, 
de la Soc. Centr. de mdd. Vet., 1885,207; 
Pscudotuberculose-Bakterien, Preisz, 
Cent, f. Bakt., /0,1891,568; Bacillus pseu- 
dotuberculosis ovis Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., S, 1896, 362; 
Bacillus pseudoiuberculosis Buchanan, 
Veter. Bact., Phila., 1911, 238; not 
Bacillus pseudoiuberculosis Eisenberg, 
Bakt. Diag., 3 AulL, 1891, 294; Eberson, 
Jour. Inf. Dis., i3. 1918, 10; Corynebac- 
Uriutn ovis Bergey et al., Manual, 1st 
•d., 1023, 888; not Corynebacterium pseu¬ 


dotuberculosis Bergey et al.. Manual, 2nd 
ed., 1925, 304; Corynebacterium pseudo- 
luberculosts bovis (an evident typographi¬ 
cal error) Thomson and Thomson, Ann. 
Pickett-Thomson Res. Lab.,;^, 1926,132; 
Corynebacterium pseudoiuberculosis ovis 
Hauduroy et al., Diet. d. Bact. Path., 
1937, Corynebacterium preisz-nocardi 
Hauduroy et al., ibid., 159.) From Greek 
pseudus, a falsehood; Latin tuberculum, a 
small nodule; M.L., false tuberculosis. 

Common name: Preisz-Nocard bacillus. 

Slender rods: 0.5 to 0.6 by 1.0 to 3.0 
microns, staining irregularly and showing 
clubbed forms. Non-inotile. Gram¬ 
positive. 

Gelatin colonies: Slight development. 

Gelatin stab: No liquefaction. 

Agar colonies: Thin, cream-colored to 
orange, folded, serrate, dry. 

Loeffl('r’s blood scrum: Small, yellow, 
serrate colonics. No liquefaction. 

Broth: No turbidity. Granular sedi¬ 
ment. Pellicle formed (Came, Jour. 
Path, and Bact., 49, 1939, 316). 

Litmus milk: Unchanged. 

Potato: No growth. 

Nitrites not produced from nitrates. 

Acid from glucose, fructose, galactose, 
mannose, sucrose, lactose, maltose and 
dextrin. Some strains attack xylose. 

Causes caseous lymphadenitis in sheep 
and ulcerative lymphangitis in horses. 
Forms an exotoxin. 

Shows a close serological relationship 
with Corynebacterium renale (Mer¬ 
chant, Jour. Bact., 59, 1935, 109). 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From necrotic areas in the 
kidney of a sheep. 

Habitat: Found in caseous lyniphade- 
nitis in sheep and ulcerative lesions in 
horses, cattle and other animals. 

10. Corynebacterium kutscherl (Mi- 
gula) Bergey et al. {Bacillus pseudo- 
tuberc^ilosis murium Kutscher, Ztschr. 
f- Hyg., IS, 1894 , 338; Baqillus pseudo- 
tuberculosis murium Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 5, 1896, 
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362; BacUrium kuiaeheri Migula, Syst. 
d, Bakt., 1900, 372; Mycobacterium 
peeudotuberculosis Chester, Manual De- 
term. Bact., 1901, 355; Corynebacierium 
murium Bergey et al., Manual, Ist ed., 
1923,386; Bergey et al., Manual, 2nd ed., 
1925, 395.) Named for the bacteriolo¬ 
gist Kutscher, who first isolated the 
species. 

Rods with pointed ends, staining irreg¬ 
ularly. Non-motile. Gram-positive. 

Gelatin colonies: Small, white, trans¬ 
lucent. 

Gelatin stab: No growth on surface. 
White, filiform growth in stab. No 
liquefaction. 

Agar colonies: Small, thin, yellowish' 
white, translucent, serrate. 

Agar slant: Thin, white, translucent 

Loeffler’s blood scrum: Abundant 
growth. Not peptonized. 

Broth: Slight turbidity. Crystals of 
ammonium magnesium phosphate are 
formed. 

Litmus milk: Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From cheesy mass in lung of 
mouse. 

11. Corynebacterlum murisepticum 
V. Holzhausen. (Cent. f. Bakt., I Abt., 
Orig., 106, 1927-28, 94.) From Latin 
mue, murie, a mouse; Greek septicus, 
putrefying, septic. 

Slender rods: 1.2 to 1.5 microns in 
length, with polar granules. Grow out 
into long filaments. Non-motile. 
Gram-positive. 

Gelatin stab: Feeble growth, with 
fimbriate outgrowth along line of punc¬ 
ture. 

'Egg glycerol broth: Good growth. 

Loeffler’s blood serum: Good growth. 

Broth: Turbid. 

Litmus milk: Acid. No coagulation. 

Potato: Good growth. 


Indole not formed. 

Nitrates not reported. 

Acid from glucose, fructose, galactose, 
maltose, lactose, sucrose, inulin and 
mannitol. Arabinose and isodulcitol are 
not attacked. 

Hydrogen sulfide formed. 

Pathogenic for mice. 

Aerobic, facultative. 

Optimum temperature 37°C. 

Habitat: Septicemia in mice. 

12. Corynebacterlum bovis Bergey et 
al. {B. psr.udodiphthcria^ Bergey, The 
Source and Nature of Bacteria in Milk. 
Penn. Dept. Agr. Bull. 125, 1904, 11; 
Bergey et al., Manual, Ist ed., 1923, 388.) 
From I^atin fcos, bovie, ox; of cattle. 

Rods, slender, barred, clubbed, 0.5 to 
0.7 by 2.5 to 3.0 microns. Non-motile. 
Gram-positive. 

Gelatin stab: Slight, gray, flat surface 
growth. 

Agar colonies: Circular, gray, slightly 
raised, radiate, undulate, dry. 

.\gar slant: Thin, gray, filiform, dry 
growth. 

Broth: Slight granular sediment. 

Litmus milk* Slowly becoming deeply 
alkaline. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid from carbohydrate media. 

Blood serum: Thin, gray, filiform 
growth. 

Causes rancidity in cream. Weakly 
lipolytic on tributyrin agar (Black, Jour. 
Bact., 41, 1941, 9tl). 

Optimum temperature 37°C. 

Source: In fresh milk drawn directly 
from the cowl's udder. 

Note: Miss Alice Evans (personal com¬ 
munication) states that the organism 
from the udder which she described as 
Bacterium lipolyticus (sic) {Bacillus 
abortus var. lipolyticus Evans, Jour. 
Inf. Dis., IB, 1916, 459; Bacterium abor¬ 
tus var. lipolyticus Evans, Jour. Bact.,i?, 
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1917,185; Evans, Jour. Inf. Dis., U, 1918, 
576; not Bacterium lipolyticum Huss, 
Cent. f. Bakt., II Abt., 20, 1908, 474; 
Alcaligenea lipolyiicua Pacheco, Re vista 
da Sociedade Paulista de Med. Vet., 3, 
1933, 9) was probably a CorynehacUrium. 
This is also regarded as probable by 
Steck (Die latente Infektion der Milch- 
drUse, Hanover, 1930) and by Bendixen 
(Ztschr. f. Infektionskrankh. d. Haus- 
tier., 43, 1933, 106). Miss Evans also 
indicates that it is probable that the 
organism described by Bergey first in 
1904 (loc. cit.) and later in the first 
edition of the Manual as Corynebac ter turn 
hovis was the same organism. This is 
further confirmed by Black (Jour. Bact., 
41 1 1941, 99). A description of Bacte¬ 
rium lipolyticum Evans will be found in 
the Manual, 5th ed., 1939, 803. 

13. Corynebacterlum equi Magnusscn 
(Magnusson, Arch. f. Tierheilk. 60, 
22; Carynchacterium pyogenes (eqni) 
Meissner and Wetzel, Deutsche Tier- 
arztl. Wchnschr., St, 1023, 419; Coiyne- 
hacterium (pyogenes) equi loseum JjUtji, 
ibid., 561; Mycohactcrium egui Jensen, 
Proc. Linn. Soc. New So. Wales, 69, 
1931, 33; Corynebacterium magnnsson- 
holth Plum, Cornell Vet., SO, 1940, 15; 
Corynebacterium purnlentus Hollman, 
Jour. Bact., 49, 1945, 161.) From I^tin 
equus, horse. 

Description from Dimock and Ed¬ 
wards, Kentucky Agri. Exper. Stat., 
Bull. 333, 1932; Bruner and Edwards, 
ibid., Bull. 414, 1041; Merchant, Jour. 
Bact., SO, 1935, 95; and Brooks and 
Hucker, Jour. Bact.. 43, 1044, 309. 

Rods variable accof'ding to medium. 
Coccoid and ellipsoidal cells to rather 
long curved and sometimes clubbed 
forms. The latter are especially apt to 
occur in liquid media. Non-motilc. 
Gram-positive. 

Gelatin stab: Good growth. No lique¬ 
faction. 

Agar colonics: Usually moist, smooth 
and glistening, tan to yellow (Brooks 


and Hucker, loc. cit,, p. 300) or pink to 
red chromogenesis (Merchant, loc. cit., 
p. 107). 

Agar slant: Moist heavy growth which 
may run down the slant (Dimock and 
Edwards, loc. cit., p. 322). 

Broth: Turbid with no pellicle and 
little sediment (Dimock and Edwards, 
loc. cit., p. 322). Pellicle and final pH 
alkaline (Brooks and Hucker, loc. cit., 
p. 309). Branched cells occur in 6 to 8 
hour cultures in broth. 

Loeffler’s blood serum: Good growth 
with tan to yellow chromogenesis. No 
liquefaction. 

Coagulated egg yolk: Vigorous salmon- 
pink growth. Dryer than on agar, re¬ 
sembling wrinkled growth of tubercle 
bacillus after two weeks. 

Litmus milk: No change to slightly 
alkaline. 

Potato: Abundant growth, usually tan, 
yellow or pink. 

Indole not formed. 

Hydrogen sulfide produced on appro¬ 
priate media. 

Nitrites produced from nitrates. No 
ammonia produced. 

No acid from carbohydrate media. 
However, glucose stimulates growth. 

Sodium hippurate: Not hydrolj^zed. 

Esculin: Not hydrolyzed 

No exotoxin demonstrated in filtrate 
of broth cultures. 

No or slight hemolysis of horse blood. 

Not pathogenic for laboratory animals. 

Aerobic. 

Temperature relations: Optimum 25® 
to 37®C. Maximum 37® to 45®C. Mini¬ 
mum 7® to 18®C. 

Source: Originally isolated from in¬ 
fectious pneumonia of foals. 

Habitat: Found in spontaneous pneu¬ 
monia of foals and other infections in 
horses. Also in swine, cattle and 
buffaloes. 

Ncwe: Jensen (loc. cit., 33) regards 
four cultures of soil bacteria isolated in 
Australia as identical with this organism. 
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Because of the acid-fast staining of the 
cells, especially when grown in milk for 
3 to 7 days, he places this species in the 
genus Mycobacterium, Most cocci re¬ 
tain the stain completely, while the rods 
take the counters tain. Jensen thinks 
the orgiinism a widespread soil saprophyte 
which under certain conditions acquires 
pathogenic properties. lie points out 
the close relationship of this org:uiism to 
Bacterium aurantium-roscujn Honig 
(Mededeel. Deli Proefstat. te Medan, 7, 
1912, 223) isolated from fermenting 
tobacco. He also regards this species as 
closely related to Mycobacterium coeU 
iacum Gray and Thornton. Rcil strains 
seem to be much like Bacillus rubroper- 
tinctus Hefferan and Micrococcus (Sta¬ 
phylococcus) erythromyxa Zopf. 

14. Corynebacterium paurometabo- 
lum Steinhaus. (Jour. Bact., 1941, 
763 and 783.) l>om Greek paurus, 
little; meiaboley change or little action. 

Ro^: 0.5 to 0.8 by 1.0 to 2.5 microns, 
occurring singly, in pairs and in masses. 
Metachromatic granules present. Xon- 
motile. Gram-positive. 

Gelatin stab: Slow liquefaction at sur¬ 
face. 

Agar colonies: White to gray, entire, 
circular, small, dry, somewluit granular. 

Agar slant: Filiform to arborescent, 
thick, granular growth. 

Broth: Abundant granular sediment 
but no turbidity. Pellicle. 

Litmus milk: Alkaline. 

Potato: Thick, raised, dry, granular, 
profuse, gray to light cream-colored 
growth. 

Indole not produced. 

Slight production of hydrogen sulfide. 

Nitrites not produced from nitrates. 

No action on the following carbohy¬ 
drates : Glucose, lactose, sucrose, maltose, 
fructose, mannitol, galactose, arabinose, 
xylose, dextrin, salicin, raffinose, tre¬ 


halose, sorbitol, inulin, dulcitol, glycerol, 
rhiimnose, adonitol, mannose, esculin 
and inositol. 

Aerobic. 

Slight alpha hemolysis. 

Non-pathogenic for guinea pigs. 

A special semi-solid medium, the main 
nutritive constituents of which were pro¬ 
teose peptone, rabbit serum, gelatin, 
minced rabbit kidney and carbohydrates, 
was used for the original isolation. An 
incubation period of 4 to 7 days at 26**C 
was necessary for the initial isolation. 
Subsequent transfers to ordinary beef- 
infusion agar grew out in 24 to 48 hours. 

Source: From media inoculated with 
the mycetome and ovaries of the bedbug, 
Cimex lectularius L. A very similar 
diphtheroid strain was isolated from the 
alimentary tract of the bagworm, Thyri* 
(lopleryx ephemeraeforviis Haw. 

Habitat: Distribution in nature un¬ 
known. 

*15. Corynebacterium insidiosum (Me- 
C'ulloch) Jensen. (Aplanobacter tnsi- 
diosum McCulloch, Phytopath., 16, 1925, 
497; Bacterium insidiosum Stapp, in 
Sorauer, Handb. der Pflanzenkr., 2, 6 
Aufl., 1928, 178; Phylomonas insidiosa 
Bergey ct al., Manual, 3rd ed., 1930, 278; 
Jensen, Proc. Linnean Soc. of New So. 
Wales, 69, 1934, 41.) From I^lin in- 
sidiosus, deceitful, dangerous. 

.Msu SCO Mcf’ulloch, Jour. Agr. lies., 
SS, 1926,502. 

Rods: 0.4 to 0.5 by 0.7 to 1.0 micron. 
Capsules present. Non-motile. Gram¬ 
positive. 

Gelatin: Slow' liquefaction. 

Beef agar colonies: Pale yellow, circu¬ 
lar, smooth, shining; edges entire; viscid. 
Blue granules found on the medium. 

Milk: Coagulated after 16 to 20 days. 
No digestion. An apricot yellow sedi¬ 
ment is deposited on the walls of the 
tube. 


* Descriptions of Species nos. 15 to 20 inclusive prepared by Professor Walter H. 
Burkholder, Ithaca, New York. 
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Xitrites not produced from nitrates. 

Indole not formed. 

No HtS produced. 

Acid from glucose, sucrose, lactose and 
glycerol. 

Moderate diastatic action. 

Grows in 5 per cent salt. 

Optimum temperature 23®(^ Maxi¬ 
mum 31 ®C 

Aerobic. 

Distinctive cliaracter: Bluish gran¬ 
ules produced in culture. 

Source: Isolated from diseased alfalfa 
plants. 

Habitat: Vascular pathogen of alfalfa, 
Medicago aativa. 

Note: Jensen (loc. at.) regards this 
species as being almost identical with 
Corynebacterium hclvolum Kisskalt and 
Berend. He isolated one strain from 
grass soil which he regards as a sapro¬ 
phytic strain of this species. Jensen 
emphasized the angular arrangement of 
young cells grown on agar and potato. .V 
faint indication of reduction of nitrates 
and of diastatic action was obtained. 
He also reports a weak proteolysis of 
milk. Optimum reaction is given as pH 
6.6 to 6.8. A slimy variant of the soil 
strain was isolated from an old culture in 
glucose broth w'hich seemed to agree 
better in its characteristics with the 
organism as described by Jones and Mc¬ 
Culloch than did the non-slimy strains. 

15a. Corymbacterium irisidiosurn var. 
aaprophyiicum Jensen (loc. cii., 42) is 
based on a non-infectious soil strain. 
This grew more vigorously with less 
definite yellow pigment on nutrient agar 
than the pathogenic strain. Blue-violet, 
insoluble pigment near edge of grow^th on 
glucose agar; no blue pigment on potato; 
no coagulation of milk; higher tempera¬ 
ture maximum and more resistance to 
acid reaction than the pathogenic strains. 
From grass soil in Australia. 

16. Corynebacterium sepedonicum 
(Spiekerinaiui and Kotthoff) Skaptason 


and Burkholder. (Bacterium aepedonU 
cum nomen nudum Spiekermann, Ill. 
Landw. Zeitung, 55,1913, 680; Bacterium 
sepedonicum Spiekermann and Kotthoff, 
I.<andw. Jahr., 1914, 674; Aplanobac- 
ler sepedonicum lirw. F. Smith, Intro. 
Bact. Dis. of Plants, 1920, 207; Phyt 4 }- 
monas sepedonica Magrou, in Hauduroy 
et al.. Diet. d. Bact. Path., Paris, 1937, 
411; Skaptason and Burkholder, Phyto¬ 
path., 55, 1942, 439.) From Greek 
sepedonicuSf putrefactive. 

Description from Stapp (Ztschr. f. 
Par., 5, 1930, 756). 

Rods: 0.3 to 0.4 by 0.8 to 1.0 micron. 
Pleomorphic. Xori-motile. Gram-posi¬ 
tive. 

Gelatin: Liquefaction slight. 

Agar colonies: Thin, smooth, trans¬ 
lucent, glistening, w^hitish, 2 to 3 mm in 
diameter. 

Broth: Weak growth. No j)ellicle. 
Light sediment. 

Litmus milk: Little change in 6 weeks, 
after which litmus is reduced. 

Indole not formed. 

No H 2 S production or feeble. 

Glucose, galactose, fructose, arabinose, 
xylose, mannitol, glycerol and dulcitol 
are utilized. 

Starch hydrolysis light. 

Grows in 1 per cent salt 

Optimum temperature 20® to 23®C. 
Maximum temperature 31 C. Minimum 
4®C. 

Distinctive characters: Differs from 
Corynebacterium michiganensey in that 
it is white to cream-colored on various 
media and has a low’er optimum tempera¬ 
ture. Corynebacterium michiganense 
does not infect potatoes. 

Source: Stapp used 17 cultures isolated 
fmm diseased potatoes. 

Habitat: Causes ring rot of potato 
tubers in Germany. 

17. Corynebacterium michiganense 
(Erw. Smith) Jensen. (Bacterium 
michiganense Erw. Smith, Science, 
1910, 794; Pseudomonas michiganemie 
Stevens, The Fungi which Cause Phuit 
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Diseases, 1913, 30; Aplanobacler michu 
ganense Erw. Smith, Bacteria in Rel. to 
Plant Dis., 3, 1914, 161; Phytomonas 
michiganensis Bergey ct al., Manual, 
1st ed., 1923, 191; Jensen, Proc. Linnean 
Soc. of New So. Wales, 69, 1934, 47; 
Erwinia michiganeae, incorrectly at¬ 
tributed to Bergey by Jensen, loc, cii., 
47.) I^itinized, of Michigan, where the 
disease produced by this pathogen was 
first reported. 

Description from Bryan, Jour. Agr. 
Res., 41, 193Q, 825. 

Rods: 0.6 to 0.7 by 0.7 to 1.2 microns. 
Non-motile. Capsules. Gram-positive. 
Characteristic angular growth with 
branching and club-shaped cells (Jensen, 
loc. cit.). 

Beef agar colonies: Growth slow, mus¬ 
tard yellow, smooth, glistening, bu- 
tyrous. 

Chromogenesis: Develops yellowish- 
brown, light ochre-yellow to sepia brown 
colors on suitable media (Jensen, loc. 
at.). 

Gelatin: Slow liquefaction. 

Broth: Turbidity slow and moderate. 
Milk: Slow coagulation. No pep¬ 
tonization. 

Nitrites not produced from nitrates. 
Utilizes peptone, but not ammonia, 
nitrite, nitrate, tyrosine, asparagine or 
glutamic acid (Mushin, Austral. Jour. 
Exp. Biol, and Med., Iff, 1938, 326). 
Indole not produced. 

No HjS produced. 

Acid from glucose, sucrose, galactose, 
fructose, maltose, and slight acid from 
lactose, glycerol and mannitol. 

Starch: Very weak diastatic action. 
No growth in 3 per cent .salt. 
Optimum temperature 25^® to 27®C^ 
Maximum, 33®C. Minimum, TC. 
Aerobic. 

Source: From the bacterial canker of 
tomato. 

Habitat: Pathogenic on tomato. 

17a. Corynebactortum michiganeme 
var. saprophytieum Jensen (loc. cit., 48). 
Grows more rapidly and with more moist 


grow'th, has a higher temperature ma.\i- 
mum and stronger proteolytic activity 
than the pathogenic strains. From grass 
soil in Australia. 

18. Corynebacterium rathayi (Erw. 
Smith) Dowsoii. (Aplanobacler ra¬ 
thayi Erw. Smith, Science, 38, 1913, 926, 
and Bact. in Rel. to Plant Dis., 3, 1914, 
155; Phytomonas rathayi Bergey et al.. 
Manual, Ist ed., 1923, 192; Bacterivrn 
rathayi Stevens, Fungus Dis. of Plants, 
1925,21; Dowson, Brit. Myc. Soc. Trans., 
25, 1942,313.) Named for E. Rathay, the 
Austrian plant pathologist \vho first iso¬ 
lated the species. 

Rods: 0.6 to 0.75 by 0.75 to-1.5 microns. 
Non-motile. Not acid-fast. Capsules. 
Gram-positive. 

Gelatin: Slow liquefaction after 7 
weeks. 

Agar colonies: Small, yellow, slow- 
growing. 

Milk: Growth slow. Yellow ring. 

Litmus milk* Alkaline and reduced. 

Nitrites are produced from nitrates. 

Potato plugs: Good, yellow, viscid 
growth. 

Acid but no gas from glucose, sucrose 
and lactose. 

Cohn’s solution: No growth. 

Heavy inoculum necessary in media 

Source: Isolated from slimy heads of 
Dactylis glomerata by E. Rathay in 
Austria. 

Habitat: Pathogenic on Dactylis glo¬ 
merata. 

Note: Bacillus mucilaginosus koel- 
eriae Aujeszky, Botanikai Kozlemenyek, 
13, (Foreign Supl. 41), 1914, 88; Pseudo¬ 
monas mucilaginosus koeleriae Moesz, 
Schedis ad Flora Hungarica Exs. Cent. 
IV, No. 301, Sect. Bot. Mus. Nat. Hung., 
Budapest, 1915. The description of the 
bacterium is possibly that of the sapro¬ 
phyte, Pseudomonas fluorescens, but the 
description of the disease is that caused 
by Corynebacterium rathayi. The speci¬ 
men in schedis is a head of grain that 
appears to be infected with Corynehac- 
terium rathayi. 
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19. Corynebacterium agropyri (O’Gara) 
comb, nov. (Aplanobacter agropyri 
O’Gara, Phytopath., 6, 1916, 343; Phyto- 
monos agropyri Bergey et al.. Manual, Ist 
ed., 1923,190; Bacterium agropyri Stapp, 
in Sorauer, Handbuch d. Pflanzenkrank- 
heiten, 5 Aufl., 2, 1928,37.) From Greek 
agros, field and puros^ wheat; M. L. Agro- 
pyrouy wheat grass. 

Rods: 0.4 to 0.6 by 0.6 to 1.1 microns. 
Capsules. Non-motile. Gram-variable. 

Gelatin: No liquefaction. 

Nutrient agar slant: Meager, yellow, 
very viscid grow'th. 

Broth: Light clouding with yellow pre¬ 
cipitate. 

Milk: Little changed. Yellow sedi¬ 
ment formed. 

Nitrites are produced from nitrates. 

Acid but no gas from glucose, lactose, 
sucrose and glycerol. 

Starch: Hydrolysis feeble. 

Optimum temperature 25® to 28®C. 

This species is very similar to and may 
be identical with Corynebacterium rathayi 
Dowson. 

Source: From slimy heads of wheat 
grass. 

Habitat: Found on wheat grass, Agro- 
pyron smtthii, 

21). Corynebacterium fascians (Til- 
ford) Dow’son. (Phytomonas fascians 
Tilford, 54th Kept. Ohio Agr. Exp. Sta. 
Bull. 561, 1936, 39; Jour. Agr. Res., 65, 
1936, 393; Unnamed pathogen, Lacey, 
Ann. Appl. Biol., 25, 1936, 308; Dowson, 
Brit. Myc. Soc. Trans., 26, 1942, 313.) 
From Ij&iin fascia, producing a fasciation. 

Rods: 0.5 to 0.9 by 1.5 to 4.0 microns. 
Non-motile. Gram-positive. 

Gelatin. No liquefaction. 

Potato-glucose agar colonies: Light 
cream-colored colonics appear after 72 
hours. Punctiform, circular, later cad¬ 
mium yellow to deep chrome. 

Nutrient agar slant: After one week 
streak is fdiform, flat, dull to glistening, 
smooth, opaque, cream-colored, and 
butyrous. 


Broth: Slightly turbid. Fragile pel¬ 
licle with distinct rim. 

Milk: Litmus becomes blue. Other 
changes slight. 

Nitrites are produced from nitrates. 

Indole not formed. 

Hydrogen sulhde is* produced. 

Acid but no gas from glucose, galactose, 
fructose, mannose, arabi nose, xylose, mal¬ 
tose, sucrose, glycerol, mannitol and dex¬ 
trin. No acid from rhamnose, lactose, 
rafRnose and inulin. 

Starch not hydrolyzed. 

Grows in 8 per cent salt. 

Optimum temperature 25° to 28°C. 

Aerobic. 

Source: Described from 15 single cell 
isolates from fasciated growths on sw'eet 
peas. 

Habitat: Pathogenic on sweet pea, 
chrysanthemum, geranium, petunia, to¬ 
bacco, etc. 

21. Corynebacterium helvolum (Zim¬ 
merman) Kisskalt and Berend. (Bacil¬ 
lus helvolus Zimmermann, Bakt. unserer 
Trink- u. Nutzwasser, Chemnitz, 1, 1890, 
52; Bacterium helvolum Lehmann and 
Neumann, Bakt. Diag., 1 Aufl.,.£, 1896, 
254; Kisskalt and Berend, Cent. f. Bakt., 
I Abt., Orig., 81, 1918, 446; Flavobac- 
terium helvolum Bergey etal.,Manual, 1st 
ed., 1923, 114.) From Latin helvus, of a 
light bay color. 

Original description supplemented 
from Jensen, Proc. Linn. Soc. New So. 
Wales, 69, 1934, 37. 

Rods: 0.5 by 1.0 micron, occurring sin¬ 
gly. Show angular arrangement due to 
snapping division. Variable in mor¬ 
phology. Non-motile. Gram-positive. 

Gelatin colonies: Small, circular, yel¬ 
lowish-gray . Liquefaction. 

Gelatin stab: Slight development along 
the stab. Napiform liquefaction. 

Agar colonies: Circular, psde yellow, 
smooth, slightly convex. 

Agar slant: Pale yellow, plumose to 
spreading, moist, undulate. 

Milk agar: Growth fair to very abun- 
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dant, white to pale yellow*. Some strains 
form a pink pigment. Proteolytic zones 
clear and broad after 4 days. 

Asparagine agar: Scant to good growth, 
smooth, glistening, white and cream- 
colored to lemon-yellow or even dull pink. 

Broth: Turbid, w*ith gray ring and yel- 
low*ish sediment. After four days the 
sediment contains long, curved and 
branching rods. May resemble small 
mycelia. 

Litmus milk: Slightly acid, with soft 
coagulum, becoming alkaline; peptonized. 
Litmus reduced. 

Potato: Pale yellow, moist, plumose 
grow'th, becoming rough, dull. Slimy 
variants noted in one strain. A myceloid 
variant with dry wrinkled grow*th was 
found in another strain. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid from glucose, glycerol and manni¬ 
tol. Usually from arabinose, sucrose, 
galactose, fructose. 

Aerobic, facultative. 

Hydrogen sulfide produced on appr«)- 
priate media. 

Optimum temperature 25°C. Usually 
grows at 37®C. 

Source: Originally isolated from water. 

Habitat: A common soil Coryne- 
hacterium. 

22. Corynebacterium fimi (MeBeth 
and Scales) Jensen. {Bacterium fimi 
McBeth and Scales, Bur. of Plant Ind., 
U. S. Dept. Agr., Bull. 266,1913,30; Cel- 
ltdomonas fimi Berg^y et al., Manual, 1st 
ed., 1923, 166; Bacillus fimi Holland, 
Jour. Bact., 5, 1920, 218; Jensen, Proc. 
Linn. Soc. New So. Wales, 59j 1934 , 48.) 
From Latin Jimws, dung. 

Description from Jensen {loc. cii.) who 
studied an authentic strain. 

Rods present typical diphtheroid ap¬ 
pearance with angular arrangement, 0.4 
to 0.5 by 1.2 to 2.5 microns. Many longer, 
i rregular, curved, club-shaped and 
branching cells on Sabouraud’s (whey) 
agar. Non-motile. Gram-negative (Mc¬ 


Beth and Scales). Gram-variable like 
some other corynebacteria (Jensen). 

Gelatin colonies: Small, round, becom¬ 
ing lobate. Slow liquefaction. 

Gelatin stab: Granular yellow growth. 
Infundibuliform liquefaction. 

Cellulose agar colonies: Circular, 
raised, smooth, glistening, gray, entire. 

Agar slant: Smooth, glistening, w’hite to 
lemon-yellow* growth. 

Glucose and Siibouraud’s agar: Grow*th 
less abundant and cream-colored. 

Asparagine agar: Very scant grow'th, 
narrow*, thin, glistening, white. 

Broth: Uniform turbidity, soft cream- 
eolorcd to yellow* sediment after 3 weeks. 

Litmus milk: (Joagulated at 3 w'ecks at 
37®C. Xotat28® to30°C. Faintly acid. 

Potato: Slow cream-colored to yellow* 
growth. 

Indole is formed. 

Nitrites arc produced from nitrates. 

Ammonia is produced in peptone solu¬ 
tions. 

Diastaticaction doubtful. 

Acid from glucose, fructose, arabinose, 
xylose, hialtose, lactose, sucrose, raffi nose, 
melezitose, dextrin, starch, salicin and 
glycerol. None or feebly produced from 
mannitol and dulcitol. 

Causes rapid disintegration of cellulose 
(filter paper) in a 0.5 per cent peptone 
solution. 

Aerobic, facultative. 

Optimum temperature 20°C (McBeth 
and Scales). Bettergrow'th at 37®C than 
at 28® to 30®C (Jensen). 

Source: Probably isolated from soil. 
Found in soils of Southern California 
(McBeth, Soil Sci.. /, 1916,443). 

Habitat: Soil. 

Bacterium liquatum McBeth and Scales 
(McBeth and Scales, Bur. Plant Ind., 
U. S. Dept. Agr., Bull. 266, 1913, 32; 
Cellulomonas liquata Bergey et al., Man¬ 
ual, Ist ed., 1923,166) should be regarded 
as identical with this species as the only 
significant difference reported between 
the two species by the original authors 
was that Bacterium liquatum produced a 
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yellow chromogeneeis more readily. 
This, however, does not appear to have 
occurred any more frequently than took 
place with the authentic culture of Bac¬ 
terium fimi when tested by Jensen (]Loc. 
cit.). 

23. Corynebacterium tumescens Jen¬ 
sen. (Jensen, Proc. Linn. Soc. New So. 
Wales, 69f 1934, 45.) From liatin tumee- 
censj swollen. 

Rods show characteristic cytomorpho- 
sis in glucose agar, Sabouraud’s (whey) 
agar and milk agar. Cells after 18 to 24 
hours at 28® to 30®C are curved, often 
branched, show an angular arrangement. 
0.5 to 0.8 by 2.5 to 6.0 microns. After 2 
to 3 days many spherical to club-shaped 
cystites (3 microns in diameter) arise as 
local swellings of the rods. Staining in¬ 
tensely at first, they gradually change 
into large, irregular, poorly stained ghost 
cells which show deeply staining belts 
and granules. Irregular less swollen 
deeply stained rods and snmll cocci (0.4 
to 0.5 micron) which resemble the gran¬ 
ules in the cystites are also present. 
These cocci are living cells. Non-motile. 
Gram-positive. 

Gelatin colonies: Small, opaque, yel¬ 
low. Liquefaction after 3 to 4 weeks. 

Milk agar: Cystites develop in almost 
pure culture. These somet iraes have 2 to 
4 small cocci attached to the wall so that 
they look like budding yeasts. When 
transferred to fresh agar, cystites either 
fail to grow or germinate with 2 to 4 slen¬ 
der germ tubes which regenerate the rods. 
Cystites are produced most abundantly at 
37®C, sometimes not at all at 16® to 18®(?. 

Sahouraud’s agar: Cystites sometimes 6 
to 8 microns in diameter. Growth may 
be cream-colored or even grayish-pink. 

Asparagine agar: Growth thin, flat, 
moist, colorless. 

Broth: Faint uniform turbidity; after 
2 to 3 weeks, a soft white to cream-colored 
sediment. 

Milk: Thin white ring around surface.. 
Soft coagulation after 18 to 20 days. 
Later, slow digestion. Faintly acid. 


Potato: Slow but eventually good 
growth, restricted, glistening, viscid, 
cream-colored to grayish-orange. 

Acid from glucose, arabinose, galactose, 
maltose and glycerol; occasionally from 
sucrose and mannitol. 

Nitrites produced from nitrates. 

Optimum reaction pH 6.2 to 6.8. 

Slimy variants produced after 172 days 
growth in lithium solution. 

Source: Two strains from grass soils and 
one from garden soil in Australia. 

Habitat: Soil. 

24. Corynebaoterium simplex Jensen. 
(Proc. Linn. Soc. New So. Wales, 69, 1934, 
43.) From liatin simplex, simple. 

Rods: 0.4 to 0.5 by 3.0 to 5.0 microns, 
curved and in parallel bundles. No 
branching in older cultures but the 
cells grow shorter, becoming almost 
coccoid. Angular ar.*angement. Non- 
motile. Gram-positive. 

Gelatin: Colonies very small. Filiform 
growth along stab. Liquefaction after 4 
days. 

Asparagine agar: Fair to good growth, 
becoming moist and glistening. No pig¬ 
ment. 

Glucose agar: Abundant growth. 
Spreading, smooth, glistening, cream- 
colored to grayish-yellow. 

Broth: Uniform turbidity, grayish- 
yellow, viscid sediment. 

Milk: Yellowish ring around surface. 
No coagulation. Complete digestion 
after 10 to 12 days. Reaction neutral. 

Nitrites produced from nitrates. 

Starch is not hydrolyzed. 

Acid from sucrose. Alkaline reaction 
in other sugar broths. 

Excellent grow th at 37®C. 

Resembles Corynebacterium filamento- 
sum in cultural characters but does not 
form long filaments. 

Source: From grass soil and red soil 
from Griffith, Australia. 

Habitat : Soil. 

25. Corynebacterium filamentosum 

Jensen. (Proc. Linn. Soc. New So. 
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Wales, S9f 1934, 42.) From Latin fila- 
meniosxts, full of threads. 

^ Rods: Variable in shape. Young cells 
typically curved, vibrio-like, 0.5 to 0.8 by 
2.0 to 7.0 microns, sometimes longer 
and branched. Always in parallel bim- 
dies. Usually non-motile but a few cells 
exhibit a peculiar oscillatory or rotatory 
movement. Gram-positive. 

Gelatin: Colonies small, spherical, en¬ 
tire. Filiform white growth in stab. 
Liquefaction slow starting at end of 7 
days. 

Asparagine agar: Good characteristic 
growth, widely spreading, central part 
convex, smooth, glistening, white, sending 
dendritic projections into the broad mar¬ 
ginal part. Usually produces light green¬ 
ish-yellow soluble pigment. 

Glucose agar: Growth less vigorous 
than on asparagine agar, flat, cream- 
colored to grayish-yellow, viscid. 

Sabouraud (whey) agar: Similar to glu¬ 
cose agar. 

Potato: Scant to no growth, flat, glis¬ 
tening, cream-colored to grayish-yellow, 
surrounded by a white halo. 

Broth: Faint uniform turbidity. Soft, 
flaky, cream-colored sediment. 

Milk: White to cream-colored surface 
ring and sediment. No coagulation. 
Digestion in 2 to 4 weeks. Neutral, to 
faintly acid. 

May produce nitrites from nitrates. 

Starch is not hydrolyzed. 

Acid from glycerol and arabinose. 
Strong and rapid alkaline formation in 
other sugar media. 

Optimum reaction pH 5.4 to 5.5. 

Excellent growth at 37°C. 

Aerobic. 

Regarded as being much like Vibrio 
lingualis Eisenberg and Bacterium race- 
moBum Zettnow. 

Source: From red soil from Griffith, 
Australia. 

Habitat: Soil. 


Appendix I:** The following four spe¬ 
cies of plant pathogens have an unusual 
combination of characters in that they are 
reported to be Gram-positive and polar 
flagellate. Cultures of two of the four 
species have been available for study and 
these and other characters have been re¬ 
checked by several persons. Corynebac- 
terium flaccumfaciens shows many wedge- 
shaped cells and longer cells with a 
slight curve. It is motile with a single 
polar flagellum and shows Gram-positive 
with commonly used procedures for 
Gram-staining. Corynebacterium poin- 
setliae shows a straighter form of cell but 
in other characters is like C. flaccum¬ 
faciens. Prof. W. H. Burkholder and 
Dr. M. P. Starr really feel that these 
organisms are most closely related to 
other more typical corynebacteria. 
They are therefore placed for the present 
in this appendix, although by the char¬ 
acters used in the keys they would be 
placed in Pseudomonadaceae. 

1. Corynebacterium hypertrophicans 
(Stahel) comb, nov, {Pseudomonas hy¬ 
pertrophicans Stahel, Phyt. Ztschr., 5, 
1933, 445; Phytomonas hypertrophicans 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., Paris, 1937, 367.) From 
Greek hyper-irophe, hypertrophy. 

Rods: 0.6 to 0.8 by 1.2 to 2.8 microns. 
Motile with a polar flagellum. Bipolar 
staining. Gram-positive. 

Gelatin: No growth. 

Agar colonies: Slow growing, circular, 
raised, wet-shining, white. 

Broth plus sucrose: Growth good. No 
pellicle. 

Milk: No visible change. 

Nitrites not produced from nitrates. 

Indole not formed. 

No H 2 S produced. 

Acid but no gas from glucose, fructose 
and sucrose. No acid from lactose and 
glycerol. The acids from sucrose are 
lactic and formic. 


^Prepared by Prof. Walter H. Burkholder, New York State College of Agriculture, 
Ithaca, New York, May, 1945. 




FAMILY CORYNEBACTERIACEAB 


399 


Aerobic. 

Source: From witches’ brooms. 

Habitat: Pathogenic on Eugenia lati- 
folia, 

2. Coiynebacterium flaccumfaclens 

(Hedges) Dowson. (Bacterium flaccum- 

Jaciene Hedges, Science, 66, 1922, 433; 
Phytopath., 16, 1926, 20; Phytomonas 
flaccumfaciene Bergey et al., Manual, 
1st ed., 1923, 178; Pseudomonas flac- 
cumfaciens Stevens, Plant Diseases of 
Fungi, 1925, 27; l^wson, Brit. Myc. 
Soc. Trans., B6, 1942, 313.) From Latin 
fiaccus, flabby or wilted; facio, to make; 
producing a wilt. 

Rods: 0.3 to 0.5 by 0.6 to 3 microns. 
Motile with a single polar flagellum; 
also non-motile (Adams and Pugsley, 
Jour. Dept. Agr. Victoria., 62, 1934, 306). 
Gram-positive. 

Gelatin: Liquefaction feeble. 

Beef agar slants: Rather moderate 
growth, glistening, flat, smooth, viscid 
and yellow. 

Broth: Moderate turbidity in 24 hours. 
Pellicle formed. 

Milk: Acid curd and slow peptoniza¬ 
tion. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HaS formed. 

Acid from glucose, lactose, sucrose and 
glycerol. 

Starch not hydrolyzed. 

Slight growth in 5 per cent salt. 

Optimum temperature, 31°C. Maxi¬ 
mum temperature 36® to 40®C. 

Distinctive character: A strict vascular 
parasite of the bean. 

Source: From wilted bean plants from 
South Dakota. 

Habitat: Causes a wilt of beans and 
related plants. 

3. Corynebacterium poinsettiae Starr 
and Pirone. (Phytopath., S2, 1942,1080; 
Phytomonas poinsettiae, ibid,) From 
M. L., old genus Poinsettia. 

Rods: Average cells 0.3 to 0.8 by 1.0 
to 3.0 microns. Pleomorphic with some 
cells 8.6 microns in length. Granules 


and capsules present. Motile with 1 
(rarely 2) polar or lateral flagellum. 
Gram-positive. 

Gelatin; Liquefaction. 

Loeffler’s blood-serum: Liquefaction. 

Beef-extract agar colonies: Round, 
slightly convex, 0.1 to 1.0 mm in di¬ 
ameter, edges entire, smooth, non-viscid, 
colorless and almost transparent. 

Potato glucose agar slants: Moderate 
growth, filiform, glistening, non-viscid, 
salmon to flesh color. 

Beef-extract broth: Turbid in 24 hours, 
abundant pale salmon sediment. No 
pellicle. 

Milk: Slight acidity but no other 
visible change for 2 weeks, then a soft 
curd, reduction of litmus, and complete 
peptonization. 

Indole not produced. 

Nitrites not produced from nitrates. 

Hydrogen sulfide not formed. 

Sodium hippurate not hydrolyzed. 

Asparagine not utilized as carbon* 
nitrogen source. Uric acid not utUized; 
urea not hydrolyzed. 

No lipolytic activity. 

Voges-Proskauer test negative. 
Methyl red test negative. 

Moderate to abundant acid, but no 
gas, from glucose, fructose, mannose, 
galactose, sucrose, maltose, cellobiose, 
melibiose, rafi^nose, glycerol, erythritol, 
salicin and amygdalin; weak acid from 
arabinose, xylose, lactose, trehalose, dex¬ 
trin and adonitol; no acid from rhamnose, 
fucose, inulin, glycogen, mannitol, dulci- 
tol, sorbitol and inositol. 

Starch hydrolyzed. 

No action on cellulose. 

Tellurite reduced. 

Aerobic. 

Growth occurs after 24 hours from 16^C 
to 36®C; after 48 hours from 7^C to 12®C. 
No growth above 36®C or below 7®C at 
the end of a week. 

Source: Fourteen cultures isolated 
from diseased stems of poinsettia. 
Euphorbia puleherrima, 

Ibbitat: Causes a canker of stems and 
spots on leaves of the poinsettia. 
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4. Corynebacterium trltid (Hutchin< 
aon) comb, nov. {PzeMdomonas tritici 
Hutchinson, India Dept, of Agr., Bact. 
Ser., i, 1917, 174; Phytomonas tritici 
Bergey et al., Manual, 3rd ed., 1930, 248; 
Bacterium tritici Elliott, Bacterial Plant 
Pathogens, 1930, 234.) From Latin triti- 
ctim, wheat; M. L., from the genus 
Triticum, 

Rods: 0.8 by 2.4 to 3.2 microns. Motile 
with a polar flagellum. Gram-positive. 

Gelatin: No liquefaction. 

Agar colonies: Bright yellow becoming 
orange, glistening, moist, margins entire. 
Agar brownish. 

Broth: Turbid. Thin pellicle. 

Milk: Yellow surface and yellow pre¬ 
cipitate. Little change. 

Nitrites produced from nitrates. 

No HjS produced. 

Acid but no gas from glucose and lac¬ 
tose. 

This species is very similar to and may 
be identical with Corynebacterium rathayi 
Dowson. 

Source: From slimy heads of wheat in 
India. 

Habitat: Pathogenic on wheat, Triti- 
cum aesiivum, 

* Appendix II: By the use of names 
or by the descriptions given, authors 
have indicated tl^t the following are 
related to the species placed in Coryne¬ 
bacterium. Many are incompletely de¬ 
scribed and may be identical with other 
rt.X)gnized species. 

Bacillus alcalifaciens Kurth. (Ba¬ 
cillus pseudodiphtheriticus alcalifaciens 
Kurth, Ztschr. f. Hyg., f8, 1898, 429; 
ibid., 431.) From patients suspected of 
having diphtheria. 

Bacillus avium Migula. (Bacillus de 
la diphth4rie aviaire, Loir and Ducloux, 
Ann. Inst. Past., 8, 1894 , 599; Bacillus 
diphtheriae avium Kruse, in FlUgge, 
Die Mikroorganismen, 2 Aufl., 8, 1896, 


410; Bacterium diphtheriae avium (sic) 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 8, 1897, 75; Migula, Syst. d. 
Bakt., 8, 1900, 759.) Considered the 
cause of a diphtheria-like disease of 
birds in Tunis. Motile. Not now re¬ 
garded as belonging in Corynebacterium 
(Andrewes et al.. Diphtheria, Ix)ndon, 
393). 

Bacillus clavatus Kruse and Pasquale. 
(Kruse and Pasquale, Ztschr. f. Hyg., 16, 
1894, 50 and 62; not Bacillus clavatus 
Migula, Syst. d. Bakt., 2, 1900, 597.) 
From the heart blood, kidney, etc., dur¬ 
ing autopsy of a person who died with 
liver abscesses following Egyptian 
dysentery. This is 'a pseudodiptheroid 
(Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 477) but is confused by 
Eberson (Jour. Inf. Dis., 2S, 1918, 5) 
and Thomson and Thomson (Ann. Pickett 
Thomson Res. Lab., 2, 1926, 65) with 
anaerobic Bacillus No. Ill, a spore former 
isolated by Flugge (Ztschr. f. Hyg., 17, 
1894, 290) from boiled milk and named 
Bacillus clavatus by Migula (loc. cit.) 
in 1900. 

Bacillus crassus Lipschutz. (Lip- 
schUtz, Bakt. Grundriss und Atlas der 
Geschlechtekrankheiten, I..eipzig, 1913, 
64; Plocamobacterium crassum LOwi, 
Wiener klin. Wchnschr., $S, 1920, 733; 
not Plocamobacterium vaginae Lehmann, 
in Lehmann and Neumann, Bakt. Diag., 
7 Aufl., 2, 1927, 510.) This is the abun¬ 
dant Gram-positive bacillus found in 
ulcus vulvae acutum. It is the type 
species (monotypy) of the genus Plo¬ 
camobacterium Lowi (loc. cit,). Accord¬ 
ing to LOwd this organism liquefies coagu¬ 
lated blood serum and Lipschtitz (Cent, 
f. Bakt., I Abt., Grig., 88, 1922,5)'report8 
that, unlike lactobacilli, this organism 
will grow on protein media without the 
addition of sugar. Presumably therefore 
it is not a lactobacillus and is not identi¬ 
cal with Doederlein’s bacillus as claimed 


♦ Prepared by Dr.R.F. Brooks, New York State Experiment Station, Geneva, New 
York, Septemter, 1938; further revision by Prof. Robert S. Breed, New York State 
Experiment Station, Geneva, New* York, March, 1945. 
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by Lehmann {loc, eit,) It may belong 
in Corynehacterium, See Bacillus va¬ 
ginae Kruse. 

Bacillus diphlheriae vitulorum Fltigge. 
(Bacillus der diphtherie beim Kalbe, 
L^flier, Mitt. a. d. kais. Gesundheit- 
samte, 2^ 1884, 421; Flugge, Die Mikro- 
organismen, 2 Aufl., 1886, 265.) From a 
disease of calves. 

Bacillus diphtheroides Klein. (Cent, 
f. Bakt., I Abt., 28, 1900, 418.) From 
bovine mastitis. Presumably identical 
with Corynebacterium pyogenes according 
to Eberson (Jour. Inf. Dis.,J?S, 1918, 6). 

Bacillus endocarditis griseus Weichsel- 
baum. (Weichselbaum, Beitrage z. path. 
Anat. u. allgem. Path., 4, 1887, 119.) 
From a case of endocarditis. A motile 
form. Regarded by Kruse (in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
433 and 479) as a diphtheroid. Because 
of its motility, it is not so regarded by 
Eberson (Jour. Inf. Dis., 2S, 1913, 4). 

Bacillus pscudodiphtheriticus aciduni 
aciens Kurth. (Ztschr. f. Hyg., 28, 
1898, 431.) From patients suspected of 
having diphtheria. 

Bacillus pseudodiphlheriiicus gazo¬ 
genes Jacobsen. (Ann. Inst. Past., 22, 
1908, 308.) From feces. Reported to 
be a vigorous gas former. Eberson (Jour. 
Inf. Dis., 23, 1918, 9) thinks this was an 
impure culture. 

Bacillus septatus Gelpke. (Gelpke, in 
v. Graefe, Arch f. Opthal., 4^, 1896, Xo 4; 
Bacterium sepiatum Gelpke, Arb. bakt. 
Inst. Karlsruhe, 2, Heft 2, 1898, 73.) 
From acute epidemic catarrh. Presum¬ 
ably identical with Corynebacterium 
xerose according to Eberson (Jour. Inf. 
Dis., 23, 1918, 3). 

Bacillus variabilis lymphae vaccinalis 
Nakanishi. (Nakanishi, Cent. f. Bakt,, 
I Abt., Grig., 27, 1900, 641; Corynethrix 
bovis Czaplewski, Deutsche med. 
Wchnschr., 26, 1900, 723.) From calf 
vaccine lymph. The organisms listed 
here as Corynebacterium lymphae vac¬ 
cinalis, Corynebacterium vaccinae and 
Bacillus variabilis lymphae vaccinalis 
are probably identical. 


BacilliLS xerosis variolae EJein. 
(Rept. Local Gov. Board, London, 20, 
1890, 219, quoted from Thomson and 
Thomson, Ann. Pickett-Thomson Res. 
Lab., 2, 1926, 121.) From vaccine pus¬ 
tules. 

Bacterium acnes Migula. (Bacillus 
der Akne contagiosa des Pferdes, Dieck- 
erhoff, Grawitz, Arch. f. pathol. Anat. u. 
Physiol., 102, 1886,148; Bacillus grawitzii 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 13; Bacillus acnes-con- 
tagiosae Kruse, in Flugge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 445; Migula, 
Syst. d. Bakt., 2, 1900, 385; Bacterium 
grawitzii Chester, Manual Determ. Bact., 
1901, 154.) From pus and scabs of pus¬ 
tules in acnc-contagiosa in horses. 

Bacterium Candidas Galli-Valerio. 
(Cent. f. Bakt., I Abt., Grig., 36, 1904, 
465.) From infected leg, but not con¬ 
sidered causative. 

Bacterium coelicolor Muller. (Muller, 
Cent. f. Bakt., I Abt., Grig., .{6, 1908, 
195; Bacillus coelicolor Godfrin, Con¬ 
tribution A I’tdude des bact^ries bleues 
et violettes, ThAse, Xancy, 1934.) Con¬ 
taminant on serum ag:ir plate. 

Bacterium columbarum Migula. (Ba¬ 
cillus der diphtherie bei der Taube, 
liJffler, Mitt. a. d. kais. Gesund- 
heitsamte, 2, 1884, 421; Bacillus diph- 
theriae columbarum Flugge, Die 
Mikroorganismen, 2 Aufl , 1886, 263; 
Bacillus diphtheriae-columbarum Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 13; Bacicriam diphthcj'iac colum- 
harum Chester, Ann. Rept. Del. Col. 
.\gr. E\p. Sta , 9, 1897, 84; Migula, Syst. 
d. Bakt., 2, 1900, 381; not Bacterium 
columbarum Chester, Manual Determ. 
Bact., ItKll, 141; Bacterium diphtheriac 
Chester, Man. Determ. Bact.. 1901, 141; 
not Bacterium diphtheriac Migula. Syst. 
d. Bakt., 2, ItKX), 499.) Associated with 
diphtheria in pigeons. .\ndrew’es et al 
(Diphtheria, Ix}ndon, 1923, 393) state 
that this organi.sm does not belong in 
Coryncbacteri urn . 

Bacterium muris Klein. <'Cent. f. 
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Bakt., I Abt., Orig., 55, 1902, 488; 
Bacillus muris Mellon, Jour. Bact., 5, 
1917,305.) Causative agent of hepatized 
lung in white rat. 

Bacterium pseudopestis murium Galli- 
Valerio. (Cent. f. Bakt., I Abt., Orig., 
55, 1913, 188.) Causative agent of thy¬ 
roid infection in rats. Gram-negative. 

Bacterium ribberti Migula. (Bacillus 
der Darmdiphtherie des Kaninchens, 
Ribbert, Deutsch. med. Wochnschr., 75, 
1887, 141; Bacillus diphtheriae cuniculi 
Kruse, in FlOgge, Die Mikroorganismen, 
3 Aufl., 5, 1896, 412; Bacterium diph¬ 
theriae cuniculi Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 5, 1897, 84; Migula, 
Syst. d. Bakt., 5, 1903, 369; Bacterium 
cuniculi Chester, Man. Determ. Bact., 
1901, 141.) Associated with a diphther¬ 
itic inflammation of the intestines in 
rabbits. 

Coccobacillus diphtheroides Manteufel. 
(Diphtheroid bacilli, Collis, Sheldon and 
Hill, Quart. Jour. Med., Ser. 2, /, 1932, 
511; Kokkobacillus diphtheroides Ber¬ 
trand, Med. Welt, 5, 1934, 150; Manteu¬ 
fel, Cent. f. Bakt., I Abt., Orig., /55, 
1937, 308.) From polyarthritis. 

Comma variabile Heurlin. (Heurlin, 
Bakt. Unter8..d. Keimgehaltes im Geni- 
talkanale d. fiebernden WOchnerinnen. 
Helsingfors, 1910, 145.) From genital 
canal. 

Corynebacterium acidum Eberson 
{Bacillus diphtheroides brevis Graham- 
Smith, Jour. Hyg., 4j 1904, 258; Eberson, 
Jour. Inf. Dis., 55, 1918, 9.) From 
large abscess in mouth and ear. 

Corynebacterium adamsoni Pr6vot. 
(Bacillus D, Adamson, Jour. Path, and 
Bact., 55,1919,350 and 392; Pr6vot, Ann. 
Inst. Past., 55, 1938, 304.) From in¬ 
fected war wounds. 

Corynebacterium album Belenky and 
Popova. (Cent. f. Bakt., I Abt., Orig., 
118, 1930, 444.) From normal skin of 
calves and small-pox vaccine. 

Corynebacterium anaerobium Pr4vot. 
(Bacillus anaerohius diphtheroides 
Massini, Ztschr. f. gesammte exper. 


Med., 5, 1913, 81; Pr4vot, Ann. Inst. 
Past., 55,1938, 304.) From a complicated 
case of otitis media. 

Corynebacterium annamensis Haudu- 
roy et al. (Gillon, Th4se pour le Doc- 
torat Vet4rinaire, Ecole Nationals Vet4r- 
inaire de Toulouse, France, 1930; 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 145.) Causative agent of a 
toxic abdominal infection of sheep in 
Annam, French Indo-China. 

Corynebacterium arthritidis muris 
Fischl, Koech and Kussat. (Ztschr. f. 
Hyg., //5, 1931, 421; Corynebacterium 
arthritidis-muris Hauduroy et al., Diet, 
d. Bact. Path., 1937, 147.) Causative 
agent of infected ankle joint in white 
mouse. 

Corynebacterium ascitis Eberson. 

(Jour. Inf. Dis., 55, 1918, 16.) From 
ascitic fluid. , 

Corynebacterium aurantiacum Eberson. 
(Jour. Inf. Dis., 55, 1918, 14.) Orange- 
red growth. From lymph nodes; one 
culture from gland in Hodgkin’s disease 
but not specifle for the disease. 

Corynebacterium auris (Graham- 

Smith) Eberson.(Bacillus auris Graham- 
Smith, Jour. Hyg., 4, 1904, 258; Eberson, 
Jour. Inf. Dis., 55, 1918, 8.) Indole is 
formed. From pus of ears of scarlet 
fever patients. 

Corynebacterium avidum (Eggerth) 

Pr6vot. (Bacteroides avidus Eggerth, 
Jour. Bact., SO, 1935, 289; Pr6vot, Ann. 
Inst. Past., 55, 1938, 304.) Forms gas 
in some media. From the human intes¬ 
tine. Pederson (Jour. Bact., 55, 1945, 
478) secured a culture of this species 
from Eggerth, and found that it fer¬ 
mented glucose with the production of 
higher fatty (presumably butyric) acids, 
and lactic acid. The species should 
probably be placed in Butyribacterium 
Barker. 

Corynebacterium blattellae Glaser. 
(Jour. Exp. Med., 61, 1930,907.) Found 
in the fat body of the German cockroach 
(Blattella germanica). For a more com* 
plete description see Manual, 5th ed., 
1939, 978. 
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Corynebacterium bruneum Kisskalt and 
Berend. {Racier iuvi bruneum y ar- 
borcscens, quoteci from Kisskalt and 
Berend, (’enl. f. Hakt., I Abt., Orig., 
81 f 191S, 446; Kisskalt and Berend, idem.) 
Source not given. 

Corynebacterium cerebral ih Kberson. 
(Jour. Inf. Dis., lOlS, 17.) From 
the brain in a <‘ase of meningitis. 

Corynebacterium cerinninis (Graliam- 
Smitli) Kberson. {Bacillus ceruminis 
Graham-Smith, Jour. Ilyg., 4, 1904, 258; 
Kberson, Jour. Inf. Dis , 23, 1918, 8.' 
Indole is not formed. From normal and 
scarlet fever-infected ears. 

Corynebacterium commune Martin. 
(Omipt rerul. Soc. Biol., Paris, 8!, 1918, 
991 and 9!)S ) From the pharynx. 

Corynebacterium cremoules (Lehmann 
and Xeuniann) Jensen (Bacterium ere- 
moides Lehmann and Neumann, Bakt 
Diag., 1 .Vull , 2, 1896, 258; Jensen, Proc. 
Linn. Soc. Neu So. Wales, 59, 1934, 40 ) 
From tapuater, Wurzburg Lehmann 
and Neumann recognize this species as a 
Corynebacterium in the seventh edition 
of their determinative bacteriology 
(Bakt. Diag., 7 AufL, 2, 1927, 710) but 
do not use the binomial Corynebacterium 
cremoides except in the index, page 848 
Jensen has reisolated this organism fnnn 
soil in .Vustralia Bacterium rocciftu’me 
Migula (Kultur No. 2, Severin, (Vnt f. 
Bakt., II Abt., /, 1895, 160; Migula, 
Syst. d. Bakt , 2, 19(K), 439) fix>m manure 
is regarded by Jensen (loc cit.) as 
closely related to this species 

Corynebacterium cuculi ((Jralmm- 
Smith) Bergey et al. {Bacillus cuculi 
Graham-Smith, Jour, of llyg , 4. P.K)4, 
315; Bergey et al.. Manual, Ist e<l , 1923, 
387.) From the throat 4)f a cuckoo. F(»r 
a more complete description see Manual, 
5th ed., 1939, 802. 

Corynebacterium cunivuli Ilauduniy 
etui. (Bacillus pyoyc.ncs cuniculi (om- 
inotti, Glinica Veterinaria, 44» 1921, 45; 
Hauduroy et al., Diet. <1. Bact. Path., 
1937, 147). Be|K)rtcd as Gram-variable 
by Cominotti, as Gram-negative by 


4 (» 

Hauduroy et al. Causative agent of 
suppurative infection of rabbit. 

Corynebacterium cults Hauduroy et 
al. (Bacillus cutis communis Nicolle, 
quoted from (>)sta. Troisser and Dau- 
vaugne, (’ompt. rend. Soc. Biol., Paris, 
81 y 1918, 1003; Bacillus cutis (>>sta, 
Troisser and Dauvaugne, tbid.y 1004; 
Bacterium cutis commune Nicolle, quoted 
from Debr6 and I^tCtulle, Di Presse Med., 
27y 1919, 515; Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 148). From normal 
skin and nasal passages. 

Cofyncbacterium delicatum Kberson. 
(Jour. Inf. Dis., 23, 1918, 16.) From 
a.scitic fluid. Also from blootl. 

('orynebacterium dcrmophilum (Hohde) 
.Vndreucs et al. (Bacillus dermophilus 
Rohde, Munch, med. Wchnschr., 68, 
1921, .Vndrowes, Bulloch, Douglas, 
Dreyer, Fildcs, Ledingham and Wolf, 
Diphtheria, Ixjndon, H. M. Stationery 
Oflice, 1923, 391.) From the skin. 

Corynebacterium diphthcroidis Prevot. 
(Bacille diphtheroide, Jungano, Gompt. 
rend. Soc Biol., Paris, 67. 1909, 112; 
Prevot, .\nn. Inst. Past., 60, 1938 , 304.) 
Forms gas in s<)me media From the 
intestines of white rats. 

Corynebacterium epidermidis Kberson. 
(Jour. Inf. Dis, 23, 1918, 17.) Fnmi 
skin and pus jiockets. Resemble.s t'on,- 
ncbaclcnum suppnratum hJiersoii. 

Coryncbaclcnum JtifCcuUn.s Kberson. 
(Jour. Inf. Dis . ^3. 1918, 17.) Fnnn a 
case of appendicitis 

Corifucbactcrium yallinarum Bergey 
ct ai. i Bacillus diphthcroidis gnlli- 
narum Graham-Smith, Jour. t>f Hyg., 4. 
1904, 314; Bergey et al., Manual, 1st ihL, 
1923,387.) From the throatsof chickens. 
For a more complete' descripti<m see 
Manual, 5th oil.. 1939, 802. 

Corynebacterium ylandulai Kberson. 
(Jour. Inf. Dis., 23, 1918, 14.) From 
lymph glands in Hodgkin’s disea.se but 
mit speeihe for the di.sease 
Corynebacterium yranulomatis maliyni 
<le Negri and Mieremet. (Gent. f. Bakt., 
I Abt., Grig., 68, 1913, 292.) Gausativc 
agent of human malignant gmnulon\a. 
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Corynebacterium granulosum Pr4vot. 
(Bacille granuleux, Jungano, Compt. 
rend. Soc. Biol., Paris, 66, 1909, 123; 
Prdvot, Ann. Inst. Past., 60, 1938, 304.) 
From the intestines of white rats. 

Corynebacter i u m hepatodystrophicans 
(Kuczinski) Pr^vot. (Bacillua hepato- 
dystrophicans Kuczinski, Der Erreger 
des Gelbfiebers-Wesen und Wirkung, 
Monographic, 1929, Berlin; Pr^vot, Ann. 
Inst. Past., 60, 1938, 304.) Manteufel 
(Cent. f. Bakt., I Abt., Orig., 1S8, 1937, 
309) regards this species as identical with 
Bacillus renale (cuniculi) Manteufhl and 
Herzberg. Common in the organs of 
monkeys infected with yellow fever virus. 

Corynebacterium hodgkinii Bunting and 
Yates. (Bunting and Yates, Arch. In¬ 
ternal Med., liS, 1913,236; Johns Hopkins 
Hosp. Bull., S5, 1914, 173; Bacillus 
hodgktni Mellon, Jour. Bact., 2, 1917, 
271; Fustformis hodgkini Holland, Jour. 
Bact., 6, 1920, 223.) From lymph glands 
in Hodgkin’s disease. Not pathogenic. 
Thought by Fox (Jour. Med. Res., 82, 
1915, 309) and Eberson (Jour. Inf. Dis., 
2$, 1918, 11) not to represent a definite 
species. Eberson recognized four separ¬ 
ate species isolated from human lymph 
glands, three being from glands in Hodg¬ 
kin’s disease (Corynebacterium aurantia- 
cum, C. pseudodiphtheriae, C, glandulae 
and C. lymphophilum), 

Corynebacterium liquefaciens Pr^vot. 
(Bacillus parvus liquefaciens Jungano, 
Compt. rend. Soc. Biol., Paris, 66, 1908, 
618; Pr^vot, Ann. Inst. Past., 60, 1938, 
304; not Corynebacterium liquefaciens 
Andrewes et al., Diphtheria, London, 
1923, 408; not Corynebacterium lique¬ 
faciens Jensen, Proc. Linn. Soc. New So. 
Wales, 69, 1934, 49.) From human in¬ 
testine. 

Corynebacterium liquefaciens Andrewes 
et al. (Bacillus diphtheroides liquefa¬ 
ciens Graham-Smith, Jour. Hyg., i, 1904, 
268; Bacillus liquefaciens Mellon, Jour. 
Bact., 2, 1917, 290; Andrewes, Bulloch, 
Douglas, Dreyer, Fildes, Ledingham, 
and Wolf, Diphtheria, London, 1923, 
408.) From mouth of a patient. Motile. 


Corynebacterium lymphae vaccinalis 
Ijevy und Fickler. (Dcutsch. med. 
Wchnschr., 26, 1900, 418; Corynebacte¬ 
rium pyogenes Lewandowsky, Cent. f. 
Bakt., I Abt., Orig., 1904,473.) From 
animal lymph. 

Corynebacterium lymphophilum (Tor- 
rey) Eberson. (Bacillus lymphophilus 
Torrey, Jour. Med. Res., SJ^, 1916, 79; 
Eberson, Jour. Inf. Dis., 28, 1918, 23.) 
Anaerobic. From lymph glands i n Hodg- 
kin’s disease, but not specific for the 
disease. 

Corynebacterium maculatum Ubaharn- 
Sinith) Ford. (Bacillus inaculatus 
Graham-Smith, Jour. Hyg., 4, 1901. 258; 
Ford, Textb. Bact., 1927, 277.» From 
throat. Regarded as a Corynehuctennw 
by Eberson (Jour. Inf. Dis., 19 IS. 7 >. 

Corynebacterium metritis Hiiudaroy et 
al. (Souckin, Sovetskaia Voter., No. 11, 
1934; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 156.) Causative agent of 
metritis in rabbit. 

Corynebacterium miltinum Kisskalt. 
(Quoted from Kisskalt and Berend, 
Cent. f. Bakt., I Abt., Orig., 81, 1918, 
446). Source not given. 

Corynebacterium nodosum (Migula) 
Eberson. (Bacillus nodosus parvus 
Lustgar ten-Manna berg, Vierteljahr- 
schrift f. Dermatol, u. Syphilis, 1887, 
914; Bacterium nodosum Migula, Syst. d. 
Bakt., 2 , 19(X), 416; lOberson, Jour. Inf. 
Dis., 23, 1918, 4.) Found in the normal 
human urethra. 

Corynebacterium nubilum (Frankland 
and Frankland) Jensen. (Bacillus nu» 
bilus Frankland and Frankland, Ztschr. 
f. Hyg., 6, 1889, 386; Bacterium nubilum 
Lehmann and Neumann, Bakt. Diag., 1 
Aufl., 2, 1896, 255; Chromobacterium nu¬ 
bile Ford, Textb. of Bact., 1927, 472; 
Flavobactcrium nubilum, incorrectly as¬ 
cribed to Bergey, by Jensen, Proc. Linn. 
Soc. New So. Wales, 69, 1934, 44; Jensen, 
idem,) From water and soil. The iden¬ 
tity of this species is doubtful. The 
original description by the Franklands 
is incomplete. Zimmerman (Bakt. un- 
serer Trink- u. Nutzw&sser, Chemnitz, 1, 
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1890, 28} thought he found the same or¬ 
ganism and described it as Gram-nega¬ 
tive. Lehmann and Neumann (Bakt. 
Diag., 1 Aufl., 1896, 255) who studied 
one of Zimmernmnn^s cultures reported 
this culture as Grain-)X)sitive and non- 
motile, while the Franklands and Zim- 
mermann speak of an active, circular 
motility of the very slender rods. Leh¬ 
mann and Neumann later (Bakt. Diag., 
7 Aull., 2, 1927, 710) list their Bacleriuvi 
nubilum (with other Gram-positive, non- 
motilc rods) as a jwssible Corynchacte- 
rium. Jensen failed to find anything 
that exactly corresponded to any of these 
descriptions but describes a small. 
Gram-positive, i)oorly-growing, pink to 
red, slow gelatin-liquefying rod which he 
says has little in common with corync- 
bacteria as a new variety Conjnelmcte- 
rium nubilum var. nanum. Because the 
early cultures developed rhizoid growths 
in stiff gelatin before liquefaction, Zim- 
mermann originally planned to call this 
species Bacillus nebulosus {loc. cit., 2t>), 
a name that ha.«» l>een used by later an 
thors for several difTcrent organisms 
Attention .should be called also to Bacil¬ 
lus caudatus Wright, an organi.sm which 
Conn found to show’ occasional motility 
(polar) ami named Pseudomonas cauda- 
datus. This common, slender, gelatin- 
liquefying, Gram-negative, white to yel¬ 
low' chromogenic haI is much like the 
Franklands* and Zimmermann’.s organ¬ 
ism (see f>)nn. New' York State Kxp. 
Stii. Tech. Bull. 67, 1919, 38). 

Corynebacterium parab/licans (Bobert- 
son) Ford.(Bacillus paralylicans Hobert- 
son. Rev. Neurol, and IXvchiat., 
Edinburgh, /, 1903, 470; Ford, Tevtb. 
of Bact., 1927 , 281.) Frxjm cerebro¬ 
spinal fluid. A diphtheroid. Thought 
at one time to be the caua.al ngc*nt of 
general paralysis. 

Corynebacterium parvum Pr<5vot. 
(Corynebacterium parvum infectiosum 
Mayer, Cent. f. Bakt., I Abt., brig., 98, 
1926, 370; Pr^vot, Man. de Class, et 
D6term. des Bact^riea Ana^robies, Mono¬ 


graphic, Inst. Past., Paris, 1940, 202.) 
From blood in a post-natal fever. 

Corynebacterium periplanetae Bergey 
et al. (Corynebacterium periplanetae 
var. americana Glaser, Jour. Exp. Med., 
5t, 1930, 59; Bergey et al.. Manual, 4th 
ed., 1934, 550.) Found in the fat body 
of the Americ.'in cockioach (Periplancta 
americana). J'or a more complete de¬ 
scription sec Manual, 5th ed., 1939, 798. 

Corynebacterium plumosum (Fox) 
Ford. (Mycobaelcrium plumosum Fox, 
Cent. f. Jkikt., I Abt., Orig., 70, 1913, 
148; Ford, Textb. Bact , 1927, 281.) 
From blood of patient with chronic endo¬ 
carditis. 

Corynebacterium psc udodi phtheriae 

Kberson. (Jour. Inf. Dis., 23, 1918, 14.) 
Ilemoglobinophilic. From tonsils 

Corynebacterium putidum Kberson. 
(Bacillus diphtheroides liqucfaciens 
Graliam-Smith, Jour. Hyg., 4, 1904 , 258; 
Kberson, Jour. Inf. Dis., J3, 1918, 16.) 
From mouth, (’ulturcs described by 
Graham-Smith liquefied gelatin and were 
sluggishly motile. 

Corynebacterium pyoyems hods (Roux) 
PnH'ot (Bacillus pyoyincs bods Roux, 
('ent.f Bakt., I Abt., Grig., J.;, 1905,641; 
Kuhactcrium pyogenes bnns Prt^vot, Ann. 
Inst. Past , 00, 1938, 2tt5; Prevot, Man. 
de (3as.'^. ct IKitorm. do.s BacK^ries Ana^r- 
obics, Monographic, Inst. Past , Paris, 
1940, 204 ) Gomnxin in bovine suppura¬ 
tions. Said by Roux to be identical with 
Bacillus pyoQcncs bods Kunnemann. 
Prt^vot says it is probably identical with 
the pyogenic Coryncbaclerium of Lucet. 
See Corynebacterium pyogenes Kberson. 

Corynebacterium renale cuniculi 
Prevot. (Bacterium renale and Bacte- 
rium renale (cuniculi) Manteufel and 
Ilerzberg, Cent. f. Bakt., I Abt., Orig., 
116, 1930, 266; Bacillus renale and 
Bacillus renale (cuniculi) Manteufel, 
ibid., 138, 1937, 306; Pr4vot, Ann. Inst. 
Past., 60, 1938, 304.) Gram-variable. 
Forms gas in some media. From rabbit 
kidneys. 

Corynebacterium ruedigeri (Mellon) 
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Ford. (Virulent pseudodiphtheria bacil¬ 
lus, Hamilton, Jour. Inf. Dis., I, 1904, 
711; Ruediger’s bacillus, Mellon, Jour. 
Bact., f, 1917, 285; Bacillus ruedigeri 
Mellon, idid., 290; Ford, Textb. Bact., 
1927, 274.) From throats of fatal cases 
of scarlatina. 

Corynebacterium segmentoaum Eber< 
son. {Bacillus coryzae aegmentosus 
Cautley, Kept. Med. Officer of Health, 
Local Govt. Board, London, 1894-95, 
455; Bacillus septus Benham, Brit. Med. 
Jour., /, 1906, 1023; Eberson, Jour. Inf. 
Dis., 1918, 17; Bacillus segmenioaus 
Holland, Jour. Bact., J, 1920. 220.) 
Rods of variable dimensions, mostly re¬ 
sembling Corynebacterium paeudodiph- 
theriticum Lehmann and Neumann, but 
occasionally resembling Corynebacterium 
diphtheriae Lehmann and Neumann. 
Thomson and Thomson (Ann. Pickett- 
Thomk>n Res. Lab., f, 1926, 65) do not 
think Cautley’s bacillus is recognizable. 
From nasal secretions. 

Corynebacterium squamosum Belenky 
and Popova. (Cent. f. Bakt.,I Abt., Orig., 
US, 1930, 444.) From normal skin of 
calves and small-pox vaccine. Non¬ 
hemolytic. 

Corynebacterium stiiatum (Chester) 
Eberson. {Bacillus striatus flavus and 
Bacillus striatus albus von Besser, Beitr. 
z. path. Anat. u. Path., 1888,349; Bac¬ 
terium striatus flavus Chester, Ann. 
Rept. Del. Col. Agr. Exp, Sta., 9, 1897, 
111; Bacterium striatum Chester, Man. 
Determ. Bact., 1901, 171; Bacillus 
flavidus Morse, Jour. Inf. Dis., //, 1912, 
281; Corynebacterium flavidum Holland, 
Jour. Bact., 6, 1920, 218; Eberson, Jour. 
Inf. Dis., 9S, 1918,5.) Eberson {loc. cit., 
7) states that , Bacillus diphtheroidea 
eiireus Graham-Smith (Jour. Hyg., 4, 
1904, 258) corresponds with the yellow 
variety of this species. From nasal 
mucus. Resembles Corynebacterium seg- 
meniosum. 

Corynebacterium suis Hauduroy ct al. 
(Le ^cille pyogenes suis, Colin and 
Rossi, Revue g5n. de M5d. vet4r., 40, 
1931,187; Hauduroy etal., Diet. d. Bact. 


Path., 1937, 167). Causative agent of 
caseous suppuration of swine. Gram¬ 
negative. 

Corynebacterium suppuratum Eberson. 
(Jour. Inf. Dis., 1918, 17.) From 
anal pus pocket. Resembles Corynebac¬ 
terium epidermidis Eberson. 

Corynebacterium thermophilua Zavagli. 
(Amer. Jour. Hyg., 15, 1932, 504.) From 
raw and pasteurized milk. Grows better 
at 65®C than at 37°C. 

Corynebacterium iyphi Topley and 
Wilson {Bacillus typhiexantkematici 
Plotz, Jour. Amer. Med. Assoc., 62, 1913, 
1556;LaPrcsseMdd.,4J, 1914,411; Plotz, 
Olitsky and Baehr, Jour. Inf. Dis., 17, 
1915,17; not Bacillus typhi exanthcmatici 
Klebs, Proc. Internat. Med. Cong., /, 
1881, 323; Corynebacterium iyphi-exan- 
thematici Eberson, Jour. Inf. Dis., 2S, 
1918, 19; Bacterium typhi-exanthcmatici 
Holland, Jour. Bact., 5, 1920, 222; Fusi- 
formis typhi-exanthematici Holland, ibid., 
221; Topley and Wilson, Prin. of Bact. 
and Immun., 2nd ed., 1936, 349; Eubacte- 
rium typhi exanthematici Pr<$vot, Ann. 
Inst. Past., 60, 1938, 295.) From blood 
of typhus fever patients. 

Corynebacterium ulcerogenes Bergey 
et al. {Corynebacterium diphtheriae ul- 
cerogenea cutaneurn Mrongovius, Cent. f. 
Bakt., I Abt., Orig., 112, 1929, 51; 
Bergey et al., Manual, 4th ed., 1934,550.) 
From ulcerations of the skin (human). 
Resembles Corynebacterium epidermidis 
Eberson and C. suppuratum Eberson. 

Corynebacterium vaccinac Galli-Valerio. 
(Cent. f. Bakt., I Abt., Orig., 86, 1904, 
465.) From vaccine pustules in calves. 

Corynebacterium xerosis canis 
(Graham-Smith) Ford. {Bacillus xero¬ 
sis canis Graham-Smith, Jour. Hyg., 4, 
1904, 258; Ford, Textb. Bact., 1927, 271.) 
From conjunctival sacs of dogs. 

Corynethriz hominia, C. equi, C. canis, 
C. anatis, etc. Czaplewski. (Deutsche 
med. Wchnschr., 26, 1900, 723.) Hypo¬ 
thetical species ^rom the skin of the 
animals indicated. 

Corynethriz pseudotuberculosis murium 
Bongert. (Ztschr. f. Hyg., 57, 1901, 
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472.) From a multiple, necrotic, case¬ 
ous pneumonia of mice inoculated v\'ith 
material from equine pneumonia. Re¬ 
garded by the author as distinct from 
Bacillus paeudotuberculosis murium 
KUtscher. Placed in the genus Coryne- 
thrix Czaplewski (Deutsche med. 
Wchnschr., 26, 1900, 723). 

Lactobacillus mcleagridis Johnson and 
Pollard. (Diplo-bacillus Pi, Johnson and 
Anderson, Jour. Inf. Dis., 58, 1936, 340; 
Johnson and Pollard, Jour. Inf. Dis., 
66, 1940, 196.) From heart, liver and 
yolk of moribund turkey poults. Pre¬ 
sumably a Corynebacterium, not a true 
Lactobacillus. 

Einer sporogcnen Pseudo-Diphtherie- 
bazillus, De Simoni. (Cent. f. Bakt., 

I Abt., Orig., 24 1 189tS, 294.) From nasjil 
secretion in ozena. Produced spores 
only in milk and on {xitato. Thought by 
Eberson (Jour. Inf. Dis., BS, 191S, G) to 
have been a contaminated culture 

Organism in M. H., Dc Witt. (Join 
Inf. Dis., 10, 1912, 40.) A motile, gas- 
producing diphtheroid isolated from a 
generalized diphtheria-like infection. 

Appendix III:* The relHtionship.s ot 
the following soil organism are not clear, 
but it apparently should be placed either 
in Corynebacterium or in a related g(*nus 
(e.g., Mycobacterium). On agar it is rod 
shaped and generally Cram-negativ'e in 
young cultures, but coccoid and (Iram- 
positive in old cultures, a condition 
noted by Mellon (Jour. Bact.. S, 1917, 
278) ill connection with Conjnchactcnum 
enzymicum. Something similar is noted 
by Jensen (Proc. Linn. Soc. New So. 
Wales, 59, 1934, 2t>-62) in his description 
of Corynebacterium hclrolum. Kra.ssil- 
nikov, on the other hand (Cent. f. Bakt.. 

II Abt., 90, 1934, 432), suggests that this 
species really belongs to Mycobacterium, 
and, after seeing a culture furnished him 
by C'onn, has become all the more con¬ 
vinced of thi.s relationship (personal 
correspondence). 


Krassilnikov’s studies indicate that 
there is a group of soil bacteria that grow 
as rods in young cultures with a tendency 
to produce branching forms in liquid 
media and develop coccoid bodies as 
they grow older. The latter then even 
divide and multiply like cocci. He con¬ 
siders that practically all so-called mi¬ 
crococci found among soil cultures are 
really the older stages of Mycohacterium 
spp. It is very clear that Jensen and 
Krassilnikov, the two leading students 
of the saprophytic members of this group 
found in soil, do not agree as to what 
constitutes the genus Mycobacterium; 
their papers appeared almost simultane¬ 
ously and clearly represent independ¬ 
ent work. Krassilnikov's description 
of this genus comes closest to covering 
organisms like the following of any 
of the descri|)tions in the literature, but 
it IS cpiite different from Jensen’s idea 
of the genus In fact, the descriptions 
given 1)% the tormcr author seem to be 
iiKue like .lenscn’.s conception of the 
g(‘nus Corynehactenum Jensen, in his 
desc rifition, takes into account the rela¬ 
tive acid-fast staining properties of the 
groups; but Krassilnikov does not men¬ 
tion either thi.s property or the Oram 
stain. Inasmuch as the acid fast prop- 
i*rty is regardi'd in the present classifica¬ 
tion as an important characteristic of 
Mycohaclenum, the following species is 
included a.s an appendix, not of that 
genu.s, but of ('orynebactetturn. The re¬ 
lationships of these pleomorphic soil or¬ 
ganisms must be regarded as decidedly 
obscure. Lochhead (Can. Jour. Res., 
Sec. (', 16, 1938, 156) speaks of a Bac¬ 
terium glohiforme group and Conn (Jour. 
Bact., 48, 1945,359) has recently reported 
evidence in support of Lochhead’s view¬ 
point. In all probability this group is 
identical in whole or in part with Krassil¬ 
nikov’s Mycobacterium of soil, although 
the correctness of his choice of this 
generic name may be questioned. 


•Prepared by Prof. H. J. Conn, New York State Experiment Station, Geneva, 
New York, July, 1945. 
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Bacterium globifdrme Conn. (Conn, 
N. Y. Agr. Exp. Sta. Tech. Bull. 138, 
1928 and 172, 1930; Cent. f. Bakt., II 
Abt., 76 y 1928, 77; Achromobaciet globi- 
forme Bergey et al., Manual, 3rd ed., 
1930,226.) From Latin, having the form 
of a globe or sphere. 

Short rods: 0.4 to 0.6 by 0.6 to 0.8 mi¬ 
cron, becoming coccoid in older cultures. 
In certain liquid synthetic media, 
branching forms with Gram-positive 
spherical granules are common. These 
granules have a tendency to be acid-fast. 
Non-motile. Rods usually Gram-nega¬ 
tive; coccoid forms usually Gram-posi¬ 
tive. 

Gelatin colonies: Circular, punctiform. 

Gelatin stab: Slow crateriform lique¬ 
faction. 

Agar colonies: Circular, punctiform, 
translucent. 


Agar slant: Filiform, flat, smooth, 
soft, translucent, glistening growth with 
translucent sheen. 

Broth: Slight growth. 

Nitrites produced from nitrates in 
synthetic agar media. 

Glucose, sucrose, mannitol, and less 
readily lactose and various organic acids 
are utilized as sources of carbon and 
energy when grown in synthetic media. 
No visible gas production, and probably 
no acid except carbonic acid. 

Nitrogen may be obtained from am¬ 
monium sulfate, asparagine, cystine, 
glycerol, aspartic acid, uric acid, tyro- 
sin, potassium nitrate, urea and peptone. 

Aerobic, facultative. 

Optimum temperature 22°C. 

Source: Seventy cultures isolated from 
soil. 

Habitat: Widely distributed in soil. 


Genua II. Listeria Pirie.* 

{Liaterella Pirie, Publ. So. African Inst, for Med. Res., 5, 1927, 163; not Liaterella 
Jahn, Ber. d. deutsch. Bot. Ges., 64, 1906, 538; hot Liaterella Cushman, Contr. Cush¬ 
man Lab. Foram., Sharon, Mass., 9, 1933, 32; Pirie, Science, 91, 1940, 383.) Named 
for Joseph Lister, the English surgeon and bacteriologist. 

Small rods. Gram-positive. Flagellation peritrichous. Aerobic. Catalase posi¬ 
tive. Grow freely on ordinary media. Acid but no gas from glucose and a few ad¬ 
ditional carbohydrates. Pathogenic parasites. Infection characterized by a mono¬ 
cytosis. Parasitic on warm-blooded animals. 

The type species is Liateria monocytogenea (Murray et al.) Pirie. 


1. Listeria monocytogenes (Murray 
et al.) Pirie. (Bacterium monocyto- 
genee Murray, Webb and Swann, Jour. 
Path, and Bact., 69, 1926, 407; Liaterella 
hepatolytica Pirie, Publ. S. African Inst, 
for Med. Res., 5, 1927, 164; Liaterella 
monocytogenea Pirie, ibid.; Liaterella 
monocytogenea hominia Nyfeldt, Folia 
Haematologica, 47,1932; Corynebacterium 
parvulum Schultz, Terry, Brice and 
Gebhardt, Proc. Soc. Exp. Biol. Med., 
SI, 1934, 1021; Pirie, Science, 91, 1940, 
383; Bacillua monocytogenea Tobia, Arch, 
ital. med. colon., 6S, 1942, 219; abst. in 
Cent. f. Bakf., I Abt., Ref., m, 1943, 
199.) Derived from the Greek, meaning 
generating monocytes. 


Small rods: 0.4 to 0.5 by 0.5 to 2.0 
microns, with rounded ends, slightly 
curved in some culture media. Occur 
singly, in V-shaped or parallel pairs and 
in short chains. Motile, peritrichous 
(Paterson, Jour. Path, and Bact., 46, 
1939, 25) with four flagella at ordinary 
temperatures with tendency toward 
non-motility or single flagellum at 37®C 
(Griffin, Jour. Bact., 46, 1944, 114). Not 
acid-fast. Gram-positive. 

Gelatin: No liquefaction. Growth is 
confined to the needle track. 

In 0.25 per cent agar, 8.0 per cent gela¬ 
tin, 1.0 per cent glucose semisolid me¬ 
dium, growth along the stab in 24 hours 
at 37®C, followed by irregular cloudy or 


* Revised by Prof. E. G. D. Murray, McGill Univ., Montreal, P. Q., Canada, 
September, 1938; further revision, January, 1945. 
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granular extensions into the medium; 
growth does not spread through the en¬ 
tire medium. This is characteristic 
(Seastone, Jour. Exp. Med., 62j 1935, 
203). 

Sheep liver extract agar colonies: Cir¬ 
cular, smooth, slightly flattened, trans¬ 
parent by transmitted and milk-white 
by reflected light. Viscid. 

Sheep liver extract agar slant: Con¬ 
fluent, flat, transparent, viscid growth. 

Peptone agar: Growth is thinner than 
on liver extract agar. 

Blood agar: Improved growth with 
zone of hemolysis around colonics. 

Peptone broth: Surface film with 
flocculent sediment. 

Litmus milk: Slightly acid, decolor¬ 
ized. No coagulation. 

Glycerol-potato: No apparent growth. 

Inspissated ox serum: Grows as a very 
thin, transparent film. 

Dorset’s egg medium: Very thin film. 

Indole not formed. 

Hydrogen sulfide not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose, rhamnose 
and salicin promptly, more slowly from 
dextrin, sucrose, soluble starch and 
glycerol. Acid production may be vari¬ 
able and slow from maltose and lactose. 
No action on arabinose, galactose, xylose, 
mannitol, dulcitol, inulin and inositol. 

All cultures give off a penetrating, 
rather unpleasant acid smell. 

Aerobic, facultative. 

Optimum temperature 37®C. Ther¬ 
mal death point 58° to 59°C in 10 minutes. 

Animal inoculations: Injection of rab¬ 
bits with cultures results in a very 
marked increase in monocytes circulat¬ 
ing in the blood. This is the most strik¬ 
ing character of the organism and is 
exhibited by strains derived from all 
sources. Infection is characterized by 
necrotic foci in various organs. 

Serological characters: Agglutination 
and absorption of agglutinin reactions 
show a variation in degree with different 
strains but there is no definite indication 
that strains from different kinds of ani¬ 
mal hosts are different species. Pater¬ 
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son (Jour. Path, and Bact., 57, 1940, 
427) concludes from his studies of the 
flagellar and somatic antigens of 54 
cultures that four types may be recog¬ 
nized in this species. These do not 
bear any relation* to the host species 
or to the geographical area from which 
they were isolated. 

Possibly related to Erysipelothriz 
(Barber, Jour. Path, and Bact., 48, 
1939, 11). 

Habitat and source: Lesions in organs, 
blood, cerebrospinal fluid of rabbits, 
guinea pigs, sheep, cattle, foxes, hogs, 
fowls, gerbilles and man, in all of which 
natural disease occurs. Many cases 
have proved fatal. The cause of infec¬ 
tious mononucleosis in man (Nyfeldt, 
loc. cit.). 

Appendix: The following binomials 
liavc also been proposed for species in 
this genus. 

Bacterium hepatis Hulphers. (Sven. 
Vet.-Tidskrift, 2, 1911, 271.) From 

necrosis of the liver of a rabbit. Nyfeldt 
(Skand. Vet.-Tidskrift, SO, 1940, 284) re¬ 
gards this as a synonym of Listcrella 
monocytogenes. However, failure to fer¬ 
ment lactose, rhamnose, sucrose and 
salicin with fermentation of xylose, and 
failure to infect guinea pigs and chick¬ 
ens indicate a possible difference l)et\Neen 
the two species. 

Listcrella hibiscus liquefaciens Xaka- 
hama. (Jour. Agr. Chem. Soc. Japan, 
16, 1940, 345.) From retted kenaf 

(Hibisrus). 

Listcrella hominis, Listerdla bovina, 
Listerella gnllinarum, Listcrella cunicula 
and Listercllo gcrbilli Wramby. (Skand. 
Vet.-Tidskrift, S4, 1944 , 280.). These 
names are given to indicate cultures of 
Listerella monocytogenes from man, cat¬ 
tle, chickens, rabbits and gerbilles, 
respectively. 

Listcrella ovis Gill. (Australian Vet. 
Jour., 13, 1937, 47.) Causes circling 
disease of sheep. 

Burn (Jour. Bact., SO, 1935, 573) 
reports, but does not name, a new species 
in this genus. 
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Genn$ III, Brytipelothrlz Roaenbach* 

(Ztschr. f. Hyg., 65^ 1909,367.) From Greek erysipelas, a disease; and tkrix, hair or 
thread. 

Rod-shaped organisms with a tendency to the formation of long filaments. The 
filaments may also thicken and show characteristic granules. Non<motile. Gram¬ 
positive. Microaerophilic. Catalase negative. Grow freely on ordinary media. 
Acid but no gas from glucose and a few additional carbohydrates. Parasitic on mam* 
mals. 

The type species is Erysipelothriz rhusiopathiae (Migula) Winslow et al. 


1. BryslpelothrU rhusiopathiae 

(Migula) Winslow et al. (Bacillus des 
Schweinerotlaufs, Loeffler, Arb. a. d. k. 
Gesundheitsamte, 1, 1886, 46; Bacillus 
thuiUieri Trevisan, I generi e le specie 
delle Batteriacee, 1889, 13; Pasieurella 
thuiUieri DeToni and Trevisan, in Sac- 
cardo, Sylloge Fungorum, 8, 1889, 995; 
BaeiUus rhu9iopaihiae suis Kitt, Bak- 
terienkunde u. path. Mikroscopie, 1893, 
284; Bacterium erysipelaios suum (sic) 
Migula, in Engler and Prantl, Die na- 
tOrl. Pflanzenfam.^ /, la, 1895, 24; 
BoicUrium rhusiopathiae suis Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 
1897,98; Bacterium rhusiopathiae Migula, 
Syst. d. Bakt., 1900,43; Mycobacterium 
rhusiopathiae Chester, Man. Determ. 
Bact., 1901, 352; Erysipelothriz porci 
Rosenbach, Ztschr. f. Hyg., 65, 1909, 
367; Winslow et al.. Jour. Bact., 5, 1920, 
198; Bacillus erysipelatos-suis Holland, 
Jour. Bact., 5, 1920, 218; Erysipelothriz 
erysipelatos-suis Holland, ibid. Bacillus 
ruboris suis Neveu-Lemaire, Precis Para- 
sitol. Hum., 5th ed., 1921, 24; Nocardia 
thuiUieri Vuillemin, Encyclopedic My- 
cologique, Paris, 5, 1931, 125; Actino¬ 
myces thuiUieri Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 1934, 45.) 
From Greek rhusius, reddish; pathus, a 
disease; red disease. 

Description taken in part from Karl- 
son, Jour. Bact., 55,1938, 205. 

Slender rods: 0.2 to 0.3 by 0.5 to 1.5 
microns, occurring singly and in chains. 
Non-motile. Gram-positive. 

Gelatin colonies: Hazy, bluish-gray, 


racemose; situated a little below the 
surface, growing slowly. 

Gelatin stab: Small, fimbriate colonies 
in the stab, at times definitely arbores¬ 
cent. No surface growth. No lique¬ 
faction. 

Agar slant: Scant growth, translucent, 
moist, homogeneous. 

Broth: Slight turbidity, with scant, 
grayish sediment. 

Litmus milk: May become slightly 
acid. 

Indole not formed. 

Potato: Usually no growth. 

Blood serum shows scant growth. 

No gas from carbohydrates. Acid 
from glucose, galactose, fructose, lactose 
and more slowly from mannose and cello- 
biose. No acid from arabinose, xylose, 
rhamnose, maltose, melibiose, sucrose, 
trehalose, raffinose, melezitose, dextrin, 
starch, inulin, amygdalin, salicin, 
glycerol, erythritol, adonitol, manni¬ 
tol, sorbitol, dulcitol or inositol. 

Esculin not hydrolyzed. 

Hydrogen sulfide produced. 

Voges-Proskauer test negative. 

Methyl red test negative. 

Methylene blue-reduction test nega¬ 
tive. 

Narrow green zone of hemolysis de¬ 
velops around deep colonies on blood 
agar. 

Catalase negative. 

Out of 43 strains studied serologically 
(Watts, Jour. Path, and Bact., 56, 1940, 
355), 38 appeared to be of one antigenic 
group, and 5 of another. 


^ Revised by Prof. Robert S. Breed, New York State Experiment Station, August, 
1988; further revision, January^ 1945. 
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Optimum pH 7.6. 

Microaerophilic. 

Optimum temperature 37®C. 

Source: From cases of swine erysipelas. 

Habitat: The cause of swine erysipelas. 
Transmissible to gray anti w^hite mice, 
rabbits and pigeons. Has been trans¬ 
mitted to man by accidental inoculation. 

2. Erysipelothrix muriseptica (Flugge) 
Rosenbach. (Bacillus der Mausesepti- 
kamie, Koch, Mittheil. a. d. kaiseri. 
Gesundheitsamte, /, 1881, 93; Bacillus 
insidiosus Trevisan, Car. di ale. nuov. 
gen. di Batter., 1885, 10; Bacillus muri- 
septicus Flugge, Die Mikroorganismen, 
2 Aufl., 1886, 250; Bacillus murinus 
Schroeter, in Cohn, Kryptogamen Flora 
V. Schlesien, 5, 1886, 162; Bacterium 
murisepticum Migula, in Engler and 
Prantl, Die natiirl. Pflanzenfam., /, la, 
1895, 24; Mycobacterium murisepticum 
Chester, Manual Determ. Bact., 1901, 
363; Rosenbach, Ztschr. f. Hyg., SS^ 1909, 
367; Pasteurclla muriseptica Bergey et 
al.. Manual, 1st ed., 1923, 265; not 
Pasturella muriseptica Topley and Wil¬ 
son, Princip. Bact. and Immun., 1, 1931, 
482.) From Latin mus, ftiuris, a mouse; 
Greek septicusy putrefying, septic. 

Rods: 0.5 by 0.8 to 1.0 micron, occur¬ 
ring singly. Non-motile. Gram-posi¬ 
tive. 

Gelatin colonies: V'ery small, whitish, 
dew-like, with indefinite margin. 

Gelatin-stab: Filiform growth in stiib, 
arborescent. No liquefaction. 

Agar slant: Very slight, clear, dew-like 
streak. 

Litmus milk: Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Microaerophilic. 

Optimum temperature 37®C. 

Source: From cases of mouse septi¬ 

cemia. 


Habitat: In fatal septicemia in white 
mice following injection of putrid meat 
infusion. Not infectious for field mice. 

3. Erysipelothrix erysipeloidis (Leh¬ 
mann and Neumann) Rosenbach. 
(Cladothrix des Erythema rnigrans, Ros¬ 
enbach, Arch. klin. Chirurg., S6y 1887, 2; 
Oospora rosenbachi Sauvagais and Ra- 
dais, 1892, according to Brumpt, Precis 
de Parasit., Paris, 4th ed., 1927, 1201; 
Oospora eiysipeloidis I^c^hmann and 
Neumann, Bakt. Diag., 1 Aufl., F, 1896, 
392; Streptothrix rosenbachii Kruse in 
FItigge, Die Mikroorganismen, 3 Aufl., 
2y 1896, 61; Actinomyces erysipeloidis 
Lachner-Sandoval, Ueber Strahlenpilze 
Strassburg, 1898, 64, Discomyces rosen- 
hachi (ledoelst, C’hamp. Paras. Homme, 
1902, 177; Strcptolhnx eiysipeloides Ca- 
miniti, (’ent. f. Bakt., I .\bt., Orig., 
1907, 19S; Rosenbach. Ztschr. f. Hyg., 
63, 11)09, 367; Xocardia rosenbachi Cas- 
tellani and Chalmers, Man. Trop. Med., 
2nd ed.. 1913, 815: Babesia erystpeloides 
Chalmers and Christ opherson, Ann. 
Trop. Med. and Parasit., 10, 1916, ac¬ 
cording to Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4,1934,45; Actinomyces 
losenhachii Holland, Jour. Bact., 5, 
1920 , 216; Bacterium erysipeloidis Leh¬ 
mann and Neumann, Bakt. Diag., 
7 Aufl., 2, 1927, 499.) From Greek ery¬ 
sipelas, erysipelas; idus, shape, appear¬ 
ance. 

Rosenbach' (loc, cit.) made a compara¬ 
tive study of the three species in this 
genus and came to the conclusion that 
they were different, although closely 
allied to each other. However, Rick- 
manu (Ztschr. f. Hyg., 64, 1909, 362) 
concluded that they were identical. 

Source: Isolated by Rosenbach (Ver- 
liandl. d. deutsch. Gcsellsch. f. Chirurg., 
2, 1887, 75) in cases of human erysipe¬ 
loid. 
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FAMILY IX, ACHROMOBACTERIACEAE BREED. 

(Jour. Bact., 50, 1945, 124.) 

Rod 3 , small to medium in size, cells usually uniform in shape. No branching on 
ordinary media, if at all. Gram-negative, rarely Gram-variable. Peritrichous or non- 
motile. Growth on agar slants non-chromogenic to grayish-yellow, brownish-yellow 
or yellow to orange. The pigment does not diffuse through the agar. Characterized 
by lack of power or feeble powers of attacking carbohydrates. May form acid from 
hexoses but no gas. May or may not reduce nitrates. May or may not liquefy gelatin. 
Do not liquefy agar or attack cellulose, and are not phosphorescent. Litmus milk 
may lx»come faintly acid but not sufficiently acid to curdle. Usually the reaction 
remains unchanged or becomes alkaline. Generally salt water, fresh water and soil 
forms and, less commonly, parasites. Some plant pathogens may belong here. 

Key to the genera of family Achromobacterlaceae. 

I. Xon-chromogenic or at most little or no chromogenesis on agar or gelatin media. 

A. Litmus milk turned alkaline. No acid from carlx>hydrates. 

Genus I. Alcaligenes^ p. 412. 

B. Litmus milk slightly acid (never curdled), unchanged or alkaline. Acid 

usually produced from hexose sugars. 

Genus II. Achromobacler^ p. 417. 

II. Produces yellow to orange chromogenesis. 

A. Litmus milk slightly acid (never curdled) unchanged or alkaline. Acid 
usually produced from hexose sugars. 

Genus III. Flavohacleriuniy p. 427. 

Genus /. Alcaligenes Castellani and Chalmers.* 

(Manual Trop. Med., 3rd ed., 1919, 936.) From M.L., alkali and I^tin genio^ to 
produce. 

Peritrichous to monotrichous, or non-motile rods. Gram-negative to Gram- 
variable. Do not produce acid or gas from carbohydrates. May or may not liquefy 
gelatin and solidified blood serum.* Turn litmus milk alkaline and may or may not 
peptonize it. Do not form acetylmethylcarbinol. Chromogenesis when it occurs is 
grayish-yellow, brownish-yellow or yellow. Generally occur in the intestinal tract 
of vertebrates or in dairy products. 

The type species is Alcaligenes faecalis Castellani and Chalmers. 


* Revised by Prof. H. J. Conn, New York State Experiment Station, Geneva, 
New York, June, 1938; further revision by Prof. Robert S. Breed, New York State 
Experiment Station, Geneva, New York, June, 1945. 
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Key to the speeiea of genua Alcaligenes* 

I. Gelatin not liquefied. 

A. Motile. 

1. Does not produce ropiness in milk. Found in the intestinal tract. 

1. Alcaligenea fgecalia. 

2. Produces ropincss in milk. 

2. Alcaligenea macoaua. 

B. Non-motile. 

1. Found in the intestinal tract. 

3. Alcaligenea metalcaligenea. 

II. Gelatin liquefied. 

A. Motile. 

1. Milk [)eptonized; blood serum liquefied. 

4. Alcaligenea bookeri. 

2. Milk not peptonized; blood serum not liquefied. 

5. Alcaligenea recti. 

B. Non-motile. 

1. Milk peptonized, slimy. 

6. Alcaligenea marakaUii. 


1. Alcaligenes faecalis Castellani and 
Clialmers. {Bacillus faecalis alcalig¬ 
enes Petruschky, Cent. f. Bakt., I Abt.. 
19f 1806, 187; Bacterium fecalis alcaltg 
enes Chester, .\nn. Ilept. Del. Col. Agr. 
Exp. Sta., 1897, 73; Bacterium alcalig¬ 
enea Lehmann and Neumann, Bakt. 
Diag.,2 Aufl., 1899,242; Bacillus alcalig¬ 
enea Migula, Syst. d. Bakt., 2, 1900, 737; 
Castellani and Clialmers, Manual Trop. 
Med., 1919, 936; Bacillus fecalis-alcahg- 
enes Holland, Jour. Bact., 1920, 218; 
Bacterium fecalis-alccUigenea Holland, 
ibid.; Vibrio alcaligenes Ijehmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
548: Bacterium faecale alcaligenes Mo- 
nias. Jour. Inf. Dis., -f1928,330.) From 
Ijatin faeXf dregs; M. L., fecal. 

Rods: 0.5 by 1.0 to 2.0 microns, occur¬ 
ring singly and in pairs, and occasionally 
in long chains. Motile with peritrichous 
flagella. In some strains, the majority of 
the individual cells show only a single 
flagellum. This is apt to be in a lateral 
rather than in the polar |X)sition. Gram¬ 
negative. 

Gelatin colonies: Circular, grayish, 
translucent. 


Gelatin stab: Gray surface growth. 
No liquefaction. 

Agar colonies: Transparent with opaque 
center, undulate margin. 

Agar slant : White, glistening, opales¬ 
cent, undulate margin. 

Broth: Turbid, with thin pellicle, and 
viscid sediment. Gives off ammonia. 

Litmus milk: Alkaline. 

Potato. Scanty to abundant, yellowish 
to brownish growth. 

Indole not formed. 

Nitrite production from nitrates vari¬ 
able. 

No acid or gas from carbohydrate 
media. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37®C. 

{Source: Feces, abscesses related to 
intestinal tract, occasionally blood 
stream. 

Habitat: Intestinal canal. Generally 
considered non-pathogenic. 

la. Alcaligenes faecalis var. radicana 
Evans (Public Health Rpts., 4$, 1931, 
1676) is a gelatin liquefying strain. 
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2. Alcaligenes viscosus (Weldiii and 
Levine) Weldin. (Bacillus lactis viscosus 
Adametz, Cent. f. Bakt., 1891, 698; 
Bacillus viscos^is lactis Kruse, in Fliigge, 
Die Mikroorganismen, f, 1896, 359; Bac¬ 
terium viscosus lactis Chester, Delaware 
Agr. Exp, Sta. 9th Ann. Kept., 1897, 89; 
Bacterium lactis viscosum Lehniann and 
Neumann, Bakt. Diag., 1 Aufl., 1896, 
198 (Eng. ed., 1901,196); Bacterium sub¬ 
viscosum Migula, Syst. d. Bakt., 2, 1900, 
326; Group I, varieties 1, 2, 3, 4 and 5 of 
Harrison, Rev. G4n. du Lait, J, 1905,100; 
Bacterium visco-coccoidium Buchanan 
and Hammer, Iowa Agr. Exp. Stat. Re¬ 
search Bull. 22,1915, 260; Bacillus lactis- 
viscosus Holland, Jour. Bact., 5,1920,218; 
Bacterium lactis-viscosus Holland, idem; 
Bacterium viscosum Weldin and Ijcvinc, 
Abst. Bact., 7, 1923, 16 (not Bacterium 
viscosum Migula, Syst, d. Bakt.,^, 1900, 
647); Lactobacillus viscosus Bergey ct al.. 
Manual, Ist ed., 1923, 244; Achromobacter 
viscosum Bergey et al., Manual, 2nd ed., 
1925, 169; Weldin, Iowa State College 
Jour, Sci., i, 1927, 186.) From I^tin 
viscosus, viscous. 

Description taken largely from Ix)ng 
and Hammer, Iowa State Coll. Jour, of 
Sci., to, 1936, 262. 

Rods: 0.6 to 1.0 by 0.8 to 2.6 microns, 
almost spherical cells frequently found, 
occurring singly, in pairs or short chains. 
Motile (Adametz, loc. cit.)\ non-motile 
(Long and Hammer, loc. cit.). Gram¬ 
negative, rarely Gram-positive. Cap¬ 
sules produced in milk cultures. 

Gelatin colonies: Small, gray becoming 
yellowish. 

Gelatin stab: White surface grow'th 
with villous growth in stab. No lique¬ 
faction. 

Agar colonies: After 3 to 4 days, circu¬ 
lar, 4 to 6 mm in diameter, white, viscid, 
shining, edge entire. 

Agar slant: Abundant, white, spread¬ 
ing, viscid, shining. 

Broth: Turbid with thin pellicle and 
scmie sediment. Ropiness generally pro¬ 
duced. 


Litmus milk: Ropiness produced. Pel> 
liele formed. Alkaline. No coagulation. 

Potato: Moderately heavy, dirty-white, 
spreading, shining growth. 

Indole not formed. 

Nitrites ordinarily not produced or 
produced only in a trace from nitrates. 

No HoS produced. 

Slight, if any, acid production from 
carbohydrates. 

Fat is hydrolyzed. 

Methyl red reaction negative. 

Voges-Proskauer reaction negative. 

Temperature relations: Growth occurs 
at 10° and at 20°C. At 37° and at 40°C 
growth variable. 

Aerobic. 

Source: Originally isolated from water. 

Habitat: Found in water and around 
dairy barns, dairy utensils. Produces 
ropiness in milk. 

Ix)ng and Hammer (low’a State Coll. 
Jour. Sci., 10, 1936, 264) have described 
a variety of this species (Alcaligenes vis¬ 
cosus var. dtssimilis) which does not 
produce ropiness in milk. 

3. Alcaligenes metalcaligenes Castcl- 
lani and Clialmers. (Castellani and 
Chalmers, Man. TroJ^. Med., 1919, 936; 
Bacterium metalcaligenes Weldin and 
I.ievine, Abst. Bact., 7, 1923, 13; Achro- 
mobacler metalcaligenes Bergey et al.. 
Manual, 2nd od., 1925, 169.) From 

Greek meta, in common with; M. L., 
resembling alcaligenes. 

Rods: 0.6 by 1.5 microns, with rounded 
ends, occurring singly and in pairs. Non- 
motile. Gram-negative. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, raised, smooth, 
amorphous, entire, gray. 

Agar slant: Gray, scanty, filiform, con¬ 
toured, viscid. 

Broth: Membranous pellicle with heavy 
sediment. 

Litmus milk: Alkaline. 

Potato: Scanty, glistening, smooth, 
sometimes faint pink. 

Indole not formed. 
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Nitrite production from nitrates vari¬ 
able. 

Starch not hydrolyzed. 

Blood serum not liquefied. 

No action on carbohydrates. 

Aerobic, facultative. 

Optimum temperature 22°C. 

Habitat: Intestinal canal. 

4. Alcallgenes bookeri (Ford) Bcrgey 
et al. (Bacillus A of Booker, Trans. 
Ninth Internat. Med. Congress, 5, 1887, 
598; Bacillm bookeri Ford, Studies from 
the Royal Victoria Hospital, Montreal, /, 
1903, 31; Bergey et al., Manual, Ist ed., 
1923, 236; Bacterium bookeri Ixwine and 
Soppeland, Eng. Exp. Sta., Iowa State 
College, Bui. 77, 1926, 55.) Named for 
the bacteriologist who first isolated this 
species. 

Rods: 0.5 by 1.5 to 2.0 microns, occur¬ 
ring singly. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Circular, brown, 
variable in size. 

Gelatin stab: Slow, saccate liquefac¬ 
tion, becoming stratiform. 

Agar colonies: Thin, transparent, with 
opaque center and indistinct margin. 

Agar slant: Abundant, yellowish to yel¬ 
lowish-brown. 

Broth: Turbid, with viscid sediment. 
No pellicle. 

Litmus milk: Alkaline. Soft curd. 
Litmus reduced. Peptonization. 

Potato: Luxuriant, yellowish-whitCj 
moist. Medium is darkened. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid or gas from carlx>hydrate 
media. 

Blood serum: Yellowish-brown growth. 
Gradual liquefaction. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37°C. 

Source: From alvine discharges of chil¬ 
dren suffering with cholera infantum. 

Habitat: Intestinal canal. 


5. Alcallgenes recti (Ford) Bergey et 
al. (Bacterium recti Ford, Studies from 
the Royal Victoria Hospital, Montreal, 
/, 1903, 31; Bergey et al., Manual, let ed., 
1923, 236.) From Latin rectus^ rectum. 

Rods: 0.5 by 1.5 to 2.0 microns, occur¬ 
ring singly, in pairs and in cltains. Mo¬ 
tile with peptrichous Oagella. Gram¬ 
negative. 

Gelatin colonies: Variable in size and 
shape, circular to oval, brown. 

Gelatin stab: Rapid, saccate liquefac¬ 
tion. 

Agar colonies: Large, grayish-white, 
with opaque center. Slightly spreading. 

Agar slant: Grayish-white, echinulate. 

Broth: Turbid. No pellicle. 

Litmus milk: Alkaline. No peptoniza¬ 
tion. 

Potato: Luxuriant, moist, brownish- 
red. 

Indole not formed. 

Nitrites produced from nitrates. 

No acid or gas from carbohydrate media. 

Blood serum: Abundant white growth. 
No liquefaction. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Found but once from coecum 
and rectum (Ford). 

Habitat: Intestinal canal. 

6. Alcallgenes marshallii Bergey et al. 
(Bacillus B of Marshall, Cent. f. Bakt., 
II Abt., 11 y 1903, 739; Bacterium laciis 
marshalli Conn, Estenand Stocking, Ann. 
Rept. Storrs Agr. Exp. Station, 1906,141; 
Bergey et al.. Manual, 1st ed., 1923, 237.) 
Named for Prof. C. E. Marshall, the 
American Imcteriologist who first isolated 
this species. 

Rods: 0.3 by 1.2 microns, occurring 
singly. Non-motile. Gram-negative. 

Gelatin colonies: Gray, granular, ir¬ 
regular, glistening. 

Gelatin stab: Slow, infundibulifomi 
liquefaction. 

Agar slant: Filiform, gray to creamy- 
white, raised, becoming lemon-yellow. 
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Broth: Turbid, with gray ring and vis> 
cid sediment. 

Litmus milk: Alkaline, slimy, pep¬ 
tonized, strong odor. 

Potato: Luxuriant, lemon-yellow, 

smooth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid or gas from carbohydrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Milk. 

Appendix: The following species have 
also sometimes been regarded as belong¬ 
ing in the genus Alcaligenes, or possess 
characters that indicate that they belong 
in this genus. 

AchromobacUr alcaliaromaticum (Ber¬ 
lin) Bergey et al. {Bacterium alcali- 
aromaticum Berlin, Rev. de Microbiol, et 
Epidemiol., 6, 1927; Bergey et al., Man¬ 
ual, 3rd ed., 1930, 212.) From feces. 
See Manual, 5th ed., 1939, 509 for a de¬ 
scription of this species. This species is 
much like Alealigenea Jaecalis. 

Achromobacter cyaiinavorum Barber and 
Burrows. (Biochem. Jour., 30, 1936, 
599.) From soil. See Manual, 5th ed., 
1939,516 for a description of this species. 
This species is much like Alcaligenea 
marahMii. 

Achromobacter lipidia (Anderson) 
Allison, Anderson and Cole. (Bacter¬ 
ium lipidia Anderson, Internat. Assoc. 
Milk Dealers, Proc. 30th Ann. Conven¬ 
tion,, Labora ory Section, October, 1937, 
19; Allison, Anderson and Cole, Jour. 
Bact., 55, 1938, 571.) From rancid 
cream. Sro'Manual, 5th ed., 1934, 521 
for a description of this species. This 
species is much like Alcaligenea metal- 
caligenea. 

Alcaligenea albua Bergey et al. (Bac- 
,terium laetia album Conn, Esten, and 
Stocking, Ann. Kept., Storrs Agr. Exp. 
Station, 1906,143; Bergey et al.. Manual, 
Ist ed., 1923, 237.) From udder of cow. 
Gram-positive. See Manual, 5th ed., 
1939,100 for a description of this species. 

Alcaligenea alcalinofoetidua Hauduroy 
et al. (BaeiUua alcalinpfaeiidua Gas- 


tellani, Jour. Trop. Med., 1930, 134; 
Hauduroy, Ehringer, Urbain, Guillot and 
Magrou, Dictionnaire dos bact^ries path- 
og^nes. Paris, 1937, 29.) From tonsils 
of persons having an offensive breath. 

Alcaligenea ammoniagenea .(Cooke and 
Keith) Bergey et al. (Bacterium am- 
moniagenes Cooke and Keith, Jour. Bact., 
15, 1927, 315; Bergey et al., Manual, 3rd 
ed., 1930, 367.) From feces of infants. 
Gram-positive. See Manual, 5th ed., 
1939, 99 for a description of this species. 

Alcaligenea denieri Corbet. (Organ¬ 
ism No. 6, Denier and Vernet, Le Caout¬ 
chouc, 17, 1920, 10193; Quart. Jour. Rub¬ 
ber Research Inst., Malaya, 5,1930,152.) 
From the latex of Hevea brasilienaia 
(para rubber tree). Gram-positive. 
See Manual, 5th ed., 1939, 99, for a 
description of this species. 

Alcaligenea faecalia var. marienae Hau¬ 
duroy et al. (Bacillua marienae Klimenko 
quoted from Besson, Technique Micro- 
biologique, p. 904; Hauduroy et al.. Diet. 
Path. B&ct., Paris, 1937, 31.) A hydro¬ 
gen sulfide producing variety. 

Alcaligenea lenia Dc Assis. (Boletim 
do Inst. Vital Brasil, Niteroi, No. 14, 
1930, 1.) From human blood stream. 

Alcaligenea atevenaae Brown. (Amer. 
Museum Novit., No. 251, 1927, 6.) 
From crushed egg masses of the moth 
(Malacoaoma americana). Said to be 
related to Alcaligenea bronchiaepticua, 

Bacillua coed Ford. (Ford, Studies 
from Royal Victoria Hosp., Montreal, 1, 
No. 5, 1903, 45.) Found in stomach and 
rectum of a single human subject. M^ich 
like Alcaligenea bookeri. 

Bacillua pylori Ford. (Ford, Studies 
from Royal Victoria Hosp., Montreal 1, 
No. 5, 1903, 44.) Found in the human 
stomach. Liquefied gelatin and pep¬ 
tonized casein but did not liquefy blood 
serum. 

Flavohacterium fecale Bergey et al. 
(Badllua fecale aromaticum Stutzer, 
Cent. f. Bakt., J Abt., Orig., 91,1923, 87; 
Bergey et al., Manual, 3rd ed., 1930,150.) 
From feces. Resembles Alcaligenea mar- 
ahallii. See Manual, 5th ed., 1939, 545 
for a description of this species. 
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Gtnm II, Achromobacter Bergey et al,* 

(Bergey et al., Manual, 1st ed., 1923, 132; Achromobacterium Richards, Proc. 
Soc. Agr. Bact. (British), 16th Ann. Conf., 1944, 14.) From Greek ocfcroma, with¬ 
out color and baclrum^ a staff or rod. 

Non-pigment-forming (at most no pigment formed on agar or gelatin) rods. Motile 
with peritrichous flagella or non-motile. Gram-negative to Gram-Variable. Litmus 
milk faintly acid to unchanged or alkaline. Occur in salt to fresh water and in soil. 

The type species is Achromobacter liquefadena (Eisenberg) Bergey et al. 


Key to the species of genus Achromobacter. 


I. Motile. Flagella peritrichous. 


A. Gelatin liquefied. 

1. Litmus milk unchanged. 

a. Nitrites not produced from nitrates. 

1. Achromobacter liquefaciens. 
aa. Nitrites are produced from nitrates. 

2. Achromobcu^ter thalassius, 

3. Achromobacter iophagum, 

2. Litmus milk acid. 

a. Nitrites are produced from nitrates. 

4. Achromobacter delicatulum, 


B. Gelatin not liquefied. 

1. Litmus milk unchanged. 

a. Nitrites are produced from nitrates. 

5. Achromobacter aquamarinus, 

6. Achromobacter cycloclastes. 


2. Litmus milk slightly acid. 

a. Nitrites not produced from nitrates. 

7. Achromobacter superficiale. 


II. Non-motile. 


A. Gelatin liquefied. 

1. Litmus milk unclianged. 

a. Nitrites slowly produced from nitrates. 

8. Achromobacter stenohalis. 
aa. Nitrites not produced from nitrates. 

9. Achromobacter butyri, 

2. Litmus milk alkaline. 

a. Nitrites are produced from nitrates. 

10. Achromobacter stationis. 


B. Gelatin not liquefied. 

1. Litmus milk unchanged. 

a. Action on nitrates not recorded. 

11. Achromobacter eurydice. 

2. Litmus milk acid, reduced in 5 days. 

a. Nitrites are produced from nitrates. 

12. AchromobacUr delmarvae. 


* Partially rearranged before his death by Prof. D. H. Bergey, Philadelphia, Penn¬ 
sylvania, September, 1937; further revision by Prof. Robert S. Breed, New York 
State Experiment Station, Geneva, New York, August, 1945. 
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1. Achromobacter liquefaciens (Eiseii- 
berg) Bergey et al. {Bacillus liquefa- 
ctena Eisenberg, Bakt. Diag.,3Aufl.,1891, 
112; not Bacillus liquefaciens Doyen, 
Jour. d. connaiss. m^dic., 1889, 108; not 
Bacillus liquefaciens Lucet, Ann. Inst. 
Past., 7, 1803, 327; not Bacillus lique- 
faciens Migula, Syst. d. Bakt., 2, 1900, 
723; Bacillus sternbergii Migula, Syst. d. 
Bakt.,^, 1900,726; Bergey etal., Manual, 
1st ed., 1923, 135.) From I^atin, lique¬ 
fying. 

Description emended by Bergey et al. 
{loc.cit.). This is reported to be a com¬ 
mon water organism by Lustig (Diag. d. 
Bakt. des Wassers, 1893,86), by Frank- 
land and Frankland (Microorganisms in 
Water, 1894,461) and by Horrocks (Bact. 
Exam, of Water, 1901, 54). 

Short, rather thick rods, with rounded 
ends, occurring singly. Motile, possess¬ 
ing peritrichous flagella. Oram-nega¬ 
tive. 

Gelatin colonies: Circular, gray, entire, 
slimy. Liquefaction. In time a putrid 
odor. 

Gelatin stab: Napiform liquefaction. 

Agar slant: Dirty-white, spreading 
growth. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: Light yellow streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Habitat: Water. 

2. Achromobacter thalassius ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5,1944,279.) 
From Greek thalassius^ marine, of the 
sea. 

Rods: 0.6 to 0.7 by 0.8 to 2.3 microns, 
with some variation in shape, occurring 
singly, in pairs and short chains and many 
cells lying side by side. Motile by means 
of peritrichous flagella. Gram-negative 
but cell walls tend to retain stain. 

All media except the fresh-water broth. 


litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: 1 mm, circular, 
white. 

Gelatin stab: Napiform liquefaction. 
Filiform growth along line of stab. 

Agar colonies: Punctiform, rough, 
translucent, raised. 

Agar slant: Moderate, glistening, 
beaded, w’atery, butyrous growth with 
no pigment. 

Sea-water broth: No pellicle, slight 
turbidity, scanty powdery sediment. 

Fresh-water broth: Fair growth. 

Litmus milk: No visible change. 
Casein not digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites are produced from nitrates. 

Does not ferment glucose, lactose, mal¬ 
tose, sucrose, xylose, mannitol, glycerol, 
or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Marine lx>ttom deposits. 

3. Achromobacter iophagum (Gray and 
Thornton) Bergey et al. (Bacterium 
iophagum Gray and Thornton, Cent. f. 
Bakt., II Abt., 73,1928, 89; Bergey etal.. 
Manual, 3rd ed., 1930, 204.) From 
Greek iusj a poison and phagein, to eat 
or devour. 

Rods: 0.8 to 1.0 by 1.0 to 5.0 microns. 
Motile by means of peritrichous flagella. 
Gram-negative. 

Gelatin colonies: Quickly liquefied. 

Gelatin stab: Liquehed. 

Agar colonies: Circular or amoeboid, 
whitish, flat, raised, smooth, translucent, 
entire. 

Agar slant: Filiform, white to buff, flat, 
undulate. 

Broth: Turbid. 

Litmus milk: Unchanged. 
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Nitrites produced from nitrates. 

Starch hydrolyzed. 

Acid from glucose and sucrose. Oc¬ 
casionally from maltose and glycerol. 

Attacks phenol and naphthalene. 

Aerobic, facultative. 

Optimum temperature 30® to 35®C. 

Source: Fifteen cultures from soil. 

Habitat: Soil. 

4. Achromobacter delicatulum (Jor¬ 
dan) Bergey et al. (Bacillus delicatulus 
Jordan, Report Mass. State Bd. of 
Health, 1890, 837; Bacterium delicatulus 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., P, 1897, 82; Bergey et al., Manual, 
Isted., 1923,137.) From LsitindelicaiuSt 
soft, delicate; M. L. delicatulus^ some¬ 
what delicate. 

Characters added to Jordan’s descrip¬ 
tion by Bergey (loc. cil.) from his private 
notes are indicated. Steinhaus (Jour. 
Bact., 4^, 1941,771) apparently found the 
same organism and has added other 
characters. 

Rods: 1.0 by 2.0 microns, occurring 
singly (Jordan). Motile, possessing peri- 
trichous flagella. Gram-negative (Ber- 
Key). 

Gelatiiti'joolonies: Whitish, homogene¬ 
ous, with radiate nmrgin. 

Gelatin stab; Infundibuliform lique¬ 
faction. 

Agar slant: Whitish, glistening. 

Broth: Turbid, with gray pellicle and 
sediment. 

Litmus milk: Acid. Slow reduction 
and peptonization (Steinhaus). 

Potato: Thin, gray streak. 

Acid from glucose, sucrose, maltose and 
lactose (slow) (Steinhaus). 

No hydrolysis of starch (Steinhaus). 

No HsS produced (Steinhaus). 

Indole not formed (Bergey). 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30® to 35®C. 

Source: From the effluent of a septic 
tank (Jordan). From water (Bergey). 


From the alimentary tract of an adult 
Colorado potato beetle (Leptinotarsa 
decemlineata Say) (Steinhaus). 

Habitat: Presumably widely distrib¬ 
uted in nature. 

5. Achromobacter aquamarinua ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5, 1944,264.) 
From Latin aqua, water, and marinus^ 
sea. 

Rods: 0.8 by 1.2 to 2.0 microns, with 
rounded ends, occurring singly. Motile 
by means of a few peritrichous flagella. 
Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
wdth sea water. 

Gelatin colonies : 2 mm, convex, circu¬ 
lar, entire, w'hitish. 

Gelatin stab: Poor growth, no lique¬ 
faction, no pigment. 

Agar colonies: 2 mm, convex, smooth, 
circular. 

Agar slant: Moderate, beaded, glisten¬ 
ing, butyrous growth with no pigment. 

Sea-water broth: Surface ring, mod¬ 
erate turbidity, heavy viscous sediment. 

Fresh-water broth: Poor growth. 

Litmus milk: No visible change. 
Casein not digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites rapidly produced from ni¬ 
trates. 

Produces acid but no gas from glucose 
and maltose. Does not ferment lactose, 
sucrose, mannitol, glycerol, xylose, or 
salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 
not from urea. 

Fats are hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 26®C. 

Source: Found in sea water and on sub¬ 
merged slides. 

Habitat; Sea water. 
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6. Achromobacter cycloclastes (Gray 
and Thornton) Bergey et al. {Bac¬ 
terium cycloclastes Gray and Thornton, 
Cent. f. Bakt., II Abt., 73, 1928, 89; 
Bergey et al., Manual, 3rd ed., 1930,212.) 
From Greek cyclus, ring and clastua, 
breaking in pieces. 

Rods: 1.0 to 1.5 by 1.5 to 8.0 microns. 
Motile with 1 to 12 perilrichous flagella. 
Gram-negative. 

Gelatin colonies: Circular, white, 
raised, smooth, glistening, entire. 

Gelatin stab: No liquefaction. Nail 
head growth. 

Agar colonies: Circular to amoeboid, 
white, flat to convex, smooth, glistening, 
translucent with opaque center, entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, glistening, undulate. 

Broth: Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Litmus milk unchanged. 

No acid from carbohydrate media. 

Attacks phenol and naphthalene. 

Aerobic, facultative. 

Optimum temperature 30® to 35®C. 

Source: Three cultures from soil. 

Habitat: Soil. 

7. Achromobacter superficiale (Jor¬ 
dan) Bergey et al. (Bacillus super- 
ficialis Jordan, Report Mass. State Bd. 
of Health, 1890, 833,* Bacterium super- 
ficialis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 94; Bergey et al.. 
Manual, Ist ed., 1923, 144.) From Latin 
super ficialis, lying on the surface. 

Characters added to Jordan's descrip¬ 
tion by Bergey (loc. cii.) from his private 
notes are indicated. 

Rods: 1.0 by 2.2 microns, occurring 
singly (Jordan). Motile, possessing peri- 
trichous flagella. Gram-negative (Ber- 
gey). 

Gelatin colonies: Small, circular, gray, 
translucent. 

Gelatin stab: Scanty surface growth. 
Slow liquefaction. 

Agar slant: Limited, gray, filiform. 

Broth: Slightly turbid. 


Litmus milk: No change. Later be¬ 
coming slightly acid. 

Potato: No growth (Jordan). Limited 
growth (Bergey). Abunilant (Stein- 
haus). 

Indole not formed (Bergey). 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25° to 30°C. 

Source: Sewage. Giblx)ns (Contrib. to 
Canadian Biol, and Fish., 8, No. 22, 1934, 
279) reports this species as occurring in 
the slime and feces of the cod (Gadus 
callarias) and dogfish (Squalus acanthi as). 
An organism apparently identical with 
this organism has been found by Stein- 
haus (Jour. Bact., 4£, 1944, 771) in the 
intestines of beetle larvae (Urographns 
fasciata DeG.). 

Habitat: Presumably widely distrib¬ 
uted in nature. 

8. Achromobacter stenohalls ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., J, 1944, 257.) 
Fnnn Greek stenus, narrow or close, and 
halinus) salty; adapted to a slight change 
of salinity only. 

Rods: 0.8 to0.9 by 0.8 to 1.6 microns, 
occurring singly, in pairs and short 
chains. Non-motile. Otpsulated. 
Gram-negative. 

All media except the fresh-w’atcr broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: 1 mm, whitish, circu¬ 
lar, convex, entire. No pigment. 

Gelatin stab: Very slow cratcriform 
liquefaction. Napiform in 50 days. 

Agar colonies: Small, circular, opales¬ 
cent, lobate edge, convex with slightly 
raised margin, smooth. 

Agar slant: Moderate, beaded, glis¬ 
tening, opalescent, beaded growth with 
no pigment. 

Sea-water broth: Moderate turbidity, 
viscid sediment, no pellicle or ring. 

Fresh-water broth: No visible growth. 

Litmus milk: No visible change. 
Casein not digested. 

Potato: No visible growth. 
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Indole not produced. 

Nitrites slowly produced from nitrates. 

No acid or gas from glucose, lactose, 
maltose, sucrose, mannitol, glycerol, 
xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide not produced. 

Ammonia produced from peptone but 
not from urea. 

Fats are not hydrolyzed. 

Aerobic, facultative (poor anaerobic 
growth). 

Optimum temperature 20® to 25®C. 

Source: Sea water, marine mud, and 
marine phytoplankton. 

Habitat: Sea water. 

9. Achromobacter butyrl Bergey et 
al. (Micrococcus buiyri-aromafaciens 
Keith, The Technology Quarterly, 10, 
1897, 247; Bacillus butyri aromafaciens 
Grimm, Cent. f. Bakt., II Abt., 8, 1902, 
589; Bergey et al., Manual, Ist ed., 
1923, 148; Bacterium butyriaromafaciens 
Omeliansky, Jour. Bact., 8, 1923, 400.) 
From I.atin butyrum, butter. 

Hods: 0.5 to 1.0 micron, nearly spheri¬ 
cal, occurring singly and in pairs. Non- 
motile. Gram-negative. 

Gelatin colonies: White, circular, 
smooth, glistening. 

Gelatin stab: White surface growth, 
liquefaction with white sediment. 

Agar slant: Abundant, white, glisten¬ 
ing. 

Broth: Turbid, wdth ring and sedi¬ 
ment. 

liitmus milk: Reaction unchanged. 
.\romatic odor. 

Potato: Slow and limited, white 
grow’th. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Milk. 

10. Achromobacter stationis ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., S, 1944, 273.) 
From Latin atatio, anchorage. 


Ovoid rods: 0.4 by 0.6 to 0.6 microns, 
occurring singly or in chains of two to 
three. Non-motile. Gram-positive but 
easily destained. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: 0.5 tol mm, circular, 
convex, grayish-white. 

Gelatin stab: Very slow napiform 
liquefaction. 

Agar colonies: 1 to 2 mm, convex, 
lobate edge, smooth, colorless. 

Agar slant: Moderate, glistening, fili¬ 
form, butyrous growth with no pigment. 

Sea-water broth : Heavy pellicle, no 
turbidity, granular growth along tvalls, 
scanty sediment. 

Fresh-water broth: Good growth. 

Litmus milk: Becomes alkaline. 
Casein not digested. 

Potato: No visible grow'th. 

Indole not formed. 

Nitrites rapidly produced from ni¬ 
trates. 

Produces acid but no gas from glucose. 
Does not ferment lactose, maltose, 
sucrose, mannitol, glycerol, xylose, or 
salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Found in film of marine fouling 
organisms. 

Habitat: Sea w’ater. 

11. Achromobacter eurydice (White) 
Bergey et al. (Bacterium eurydice 
White, U. S. Dept, of Agr., Bur. of 
Entomol., Circ. 157, 1912, 3 and U. S. 
Dept.of Agr. Bull. 810, 1920,15; Bergey 
et al., Manual, 2nd ed., 1925,170.) From 
Greek Eurydice, the wife of Orpheus. 

Rods: Small, slender, with slightly 
rounded ends, occurring singly and in 
pairs. Non-motile. Gram-negative. 
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Gelatin stab: A bluish-gray growth 
occurs along the line of inoculation. 
No liquefaction. 

Glucose agar colonies: Bluish-gray, 
circular, smooth, glistening, entire. 

Broth: Uniform turbidity with viscid 
sediment. 

Litmus milk: Unchanged. 

Acid from glucose but little or no 
action on other carboliydrates. 

Potato: Slight, grayish growth. 

Aerobic, facultative. 

Innocuous when fed to bees. Not 
pathogenic when inoculated subcutane¬ 
ously in rabbits. 

Source: Occurs as a secondary invader 
in European foulbrood of bees. 

Habitat: Unknown. 

12. Achromobacter delmarvae Smart. 
(Smart, Jour. Bact., 1932, 41 and 
Jour. Agr. Research, 5/, 1935, 363.) 
From Delmarva^ coined from Del., Mar. 
and Va., the regions in which the s|>ecies 
was found. 

Short rods: Average size 0 75 by 1 5 
microns, with rounded end.s, occurring 
singly, in pairs and in short chains. Xon- 
motile. Gram-negative. 

Gelatin colonies; Similar to agar 
colonies. 

Gelatin stab: Scanty growth. No 
liquefaction. 

Beef-infusion agar colonics: Small, cir¬ 
cular, raised, edges smooth, gli.stening, 
translucent, bluish-white, amorphous, 
margin entire. 

Agar stab: Abundant growth. Sur¬ 
face grow'th round, smooth, glistening, 
bluish-white, raised. Filiform growth 
the W’hole length of stab, but growth 
best at top. 

Agar slant: Abundant filiform growth, 
raised, glistening, smooth, translucent, 
bluish-white, no odor; old cultures 
slightly viscid. Medium ujnehanged. 

Nutrient broth: Turbid. Delicate 
white pellicle. Sediment abundant, 
white, slightly stringy. No odor. Color 
of medium unchanged. 


Sterile milk: Slow' growth. No 
peptonization. Coagulation in 12 to 
14 days. Milk turns chocolate brown 
beginning at top. 

Litmus milk: Acid with reduction of 
litmus in 5 days. Coagulation with 
return of pink color in 12 to 14 days. 
Browning of medium. 

Potato: Abundant growth, grayish- 
white, glistening, smooth, raised. Me¬ 
dium changed from white to smoke-gray. 

Indole not formed. 

Nitrites produced from nitrates in 7 
days at 26°C. 

No ILS produced. 

Ammonia not formed. 

Diastatic action weak. 

Acid but no gas from glucose, lactose, 
glycerol and mannitol. Alkaline reac¬ 
tion and no gas from sucrose. 

Optimum pH 7.0. 

Temperature relations • Optimum 
26°C. Good grow'th up to 31 °C. Very 
slight growth at 37® and at -~8®C. 

Facul tat i ve anaerobe. 

Source: Lsolateil from fresh straw'- 
berries from Delaware, Maryland and 
Virginia. 

Habitab: Unknown. 

Appendix: Many of the following 
species were described before Gram 
and flagella stains had been perfected. 
Hence it is inqxjssible to identify them 
definitely as belonging to Achromobacter, 
Comparative study is needed in other 
cases before the remaining si>ccies can be 
placed in their proper place in the genus. 

Achromobacter acidum (Chester) 
Bergcy ct al. (Species No. 56 of Conn, 
Storrs Agr. Exper. Sta., 7ih Ann. llept. 
for 1894, 1895, 83; Bacterium acidum 
Chester, Man. Determ. Bact., 1901, 
146; Bergey ct al.. Manual, 1st ed., 1923, 
151.) From milk. See Manual, 4th 
ed., 1934, 246 for a description of this 
organism. 

Achromobacter agile (Ampola and 
Garino) Bergey et al. (Bacillua deniiri- 
ficane agilie Ampola and Garino, Cent.. 
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f. Bakt., II Abt., 2^ 1896, 673; Bacterium 
deniirificana agilis Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., P, 1897,76; Bac¬ 
terium agile H. Jensen, Cent. f. Bakt., 
II Abt., 4t 1898, 408; Bacillus denitrifi- 
cana Migula, Syst. d. Bakt., 2, 1900, 796; 
not Bacillua deniirificana Chester, Man. 
Determ. Bad., 1901, 274; Bacillua agilia 
Chester, Man. Determ, ^ct., 1901, 226; 
not Bacillua agilia Tschistowitsch, Berl. 
klin. Wchnschr., 1892, 512; Bergey et al.. 
Manual, Ist ed., 1923, 138.) From 
cow manure. See Manual, 4th ed., 
1934 , 219 for a description of this organ¬ 
ism. 

Achromobacter album (Eisenberg) Ber¬ 
gey et al. (Bacillua albua Eisenberg, 
Bakt. Diag., 3 Aufl., 1891,171; Bacterium 
albua Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., P, 1897, 76; Bergey et al., 
Manual, Ist ed., 1923, 141.) From 

water. Gibbons (Centrib. to Canadian 
Biol, and Fish., 8, No. 22, 1934, 279) 
reports this species from the slime on 
cod (Gadua callariaa). See Manual, 
4th ed., 1934, 222 for a description of this 
organism. 

Achromobacter amylovorum (Ilubent- 
schick) Bergey et al. (Urobacterium 
amylovorum Uubentschick, Cent. f. 
Bakt., II Abt., 64, 1925, 168; ibid,, 
66, 1926, 161; Bergey et al., Manual, 
3rd ed., 1930, 225.) From sewage slime. 
See Manual, 5th ed., 1939, 514 for a de¬ 
scription of this organism. 

Achromobacter anaerobium Shimwell. 
(Jour. Inst. Brewing, JP, 1937, 507.) 
From spoiled beer. 

Achromobacter aromafaciena (Chester) 
Bergey et al. (Species No. 41 of Conn, 
Storrs Agr. Exper. Sta., 7th Ann. Kept, 
for 1894, 1895, 57; Bacterium connii 
Migula, Syst. d. Bakt., 2, 1900, 440; 
not Bacterium connii Chester, Man. 
Determ. Bact., 1901, 146; Bacterium 
aromafaciena Chester, loc, cit., 148; 
Bergey et al.. Manual, 1st ed., 1923, 
151.) From milk sent from Uruguay to 
Chicago World's Fair. See Manual, 
5th ed., 1939, 510 for a description of this 
organism. 


Achromobacter arctic am Husakowa and 
Butkewitsch. (Microbiology (Russian), 
10, 1941, 137; abst. in Cent. f. Bakt., 
II Abt., 106, 1942, 140.) From sea water 
(Barents Sea). 

Achromobacter cahdicana (Frankland 
and Frankland) Bergey et al. (Bacillua 
candicana G. and P. Frankland, Ztschr. 
f. Hyg., 6, 1889,397; Bacterium candicana 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., P, 1897, 130; Bergey et al.. Manual, 
Ist ed., 1923,149.) From soil. See Man¬ 
ual, 5th ed., 1939, 520 for a description of 
this organism. 

Achromobacter centropunctatum (Jen¬ 
sen) Bergey et al. (Bacterium centro- 
punctatua 11. Jensen, Cent. f. Bakt., II 
Abt., 4, 1898, 410; Bacillua centropunc- 
tatua Chester, Man. Determ. Bact., 1901, 
225; Bergey et al.. Manual, 1st ed., 1923, 
139.) From cow manure. See Manual, 
4th ed., 1934, 220 for a description of this 
organism. 

Achromobacter coccoideum (Chester) 
Bergey et al. (Species No. 16 of Conn, 
Storrs Agr. Exper. Sta., 6th Ann. Kept, 
for 1893, 1894, 51; Bacterium coccoideum 
Chester, Man. Determ. Bact., 1901, 
147; Bergey et al., Manual, Ist ed., 
1923, 152.) From ripening cream. See 
Manual, 5th ed., 1939 , 520 for a descrip¬ 
tion of this organism. 

Achromobacter connii (Chester) Bergey 
et al. (Culture No. 55, Conn, Storrs 
Agr. Exp. Sta., 7th Annual. Kept, for 
1894, 1895, 83; Bacterium connii Chester, 
Man. Determ. Bact., 1901, 146; Bergey 
et al.. Manual, Ist ed., 1923,149.) From 
milk. See Manual, 4th ed., 1934, 243 for 
a description of this organism. 

Achromobacter dendriticum (Lustig) 
Bergey et al. (Bacillua dcndriticua 
Lustig, Diagnostica del batteri delle 
acque, Torino, 1890 and Diagnostik der 
Bakterien des Wassers, 1893, 99; Bacte¬ 
rium dcndriticua Chester, .\nn. Kept. 
Del. Col. Agr. E.vp. Sta., P, 1897, 103; 
Bergey etal.. Manual, 2nd ed., 1925,156.) 
From water. See Manual, 5th ed., 
1939, 504 for a description of this organ¬ 
ism. 
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AekromohacUr epsteinii Peshkov. 
(Peahkov, Jour, of Biology (Russian), 
0, 1W7, 1003.) From water of a carp 
pond near Moscow. 

Achromobacter JermeniationU (Ches¬ 
ter) Bergey et al. (Bacterium fermenia- 

UoniB Chester, Del. Agr. Exp. Sta. 
Kept. 1809, 53; Bergey et al., Manual, 
Ist ed., 1923, 152.) From soil. See 
Manual, 4th ed., 1934, 247 for a descrip¬ 
tion of this organism. In Chester, Man. 
Determ. Bact., 1901,231 this is listed as a 
synonym of Bacillus foetidus-liquefaciens 
Tavel, Ueber Aetiol. der Strumitis, Basel, 
1892. 

Achromohacter filefaciens (Jensen) 
Bergey et al. {Bacterium filefaciens 
H. Jensen, Cent. f. Bakt., II Abt., 
1898, 401; Bergey et al.. Manual, 1st 
ed., 1923, 153.) From dust. See Man¬ 
ual, 4th ed., 1934, 247 for a description 
of this organism. 

Achromohacter formosum (Ravenel) 
Bergey et al. {Bacillus formosus Rav¬ 
enel, Memoirs Nat. Acad. Sci., 8, 1896, 
12; not Bacillus formosus Bredemann and 
Heigener, Cent. f. Bakt., II Abt., 83, 
1935, 101; Bacterium formosus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 8, 
1897, 91; Bergey et al.. Manual, Ist ed., 
1923, 136.) From soil. Gibbons (Con- 
trib. to Canadian Biol, and Fish., 8, No. 
24, 1934, 308) reports this species from 
fillets of haddock {Melanogrammus aegle- 
finus). See Manual, 5th ed., 1939, 505 
for a description of this organism. 

Achromohacter galophilurn Bergey et 
al. (Culture No. 27, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 78, 1927, 373; 
Bergey et al., Manual, 3rd ed., 1930, 
223.) From sea water. See Manual, 
5th ed., 1939, 514 for a description of this 
organism. 

Achromohacter gasoformans (Eisen- 
berg) Bergey et al. (Gasbildner Bacil¬ 
lus, Tils, Zeitschr. f. Hyg., 8, 1890, 
315; Bacillus gasoformans Eisenberg, 
Bakt. Diagnostik, 1891, 107; Bacterium 
gasoformans Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta.| P, 1897,93; I^rgey et 


al.. Manual, 1st ed., 1923, 137.) From 
water. See Manual, 5th ed., 1939, 
503 for a description of this organism. 
Gas bubbles observed in plain gelatin 
stab. 

Achromohacter geminum (Chester) Ber¬ 
gey et al. {Bacillus geminus minor 
Ravenel, Memoirs Nat. Acad. Sci., 8, 

1896, 28; Bacterium geminus minor Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. Sta., 
8, 1897, 72; Bacillus geminus Chester, 
Man. Determ. Bact., 1901,216; Bergey et 
al., Manual, 1st ed., 1923, 142.) From 
soil. See Manual, 5th cd., 1939, 508 for 
a description of this organism. 

Achromohacter guttatum (Zimmer- 
mann) Bergey ct al. {Bacillus gut- 
tatus Zimmermann, Bakt. unserer 
Trink- u. Nutzwasser, Chemnitz, /, 
1890, 56; Bacterium guttatus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 8, 

1897, 94; Bergey et al., Manual, Ist ed., 
1923, 140.) From water. See Manual, 
5th ed., 1939, 508 for a description of this 
organism. 

Achromohacter halophilum Bergey et al. 
(Culture No. 36, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bergey et al.. Manual, 3rd ed., 1930, 
220.) From sea water. Sec Manual, 
5th ed., 1939, 513 for a description of this 
organism. 

Achromohacter harilebii (Jensen) 
Bergey et al. {Bacterium hartlebii H. 
Jensen, Cent. f. Bakt., II Abt., 4. 

1898, 449; Bacillus hartlebii Chester, 
Man. Determ. Bact., 1901, 226; Bergey ct 
al., Manual, Ist ed., 1923, 139.) From 
soil. See Manual, 4th ed., 1934, 219 for 
a description of this organism. 

Achromohacter hyalinum (.Jordan) Ber¬ 
gey et al. {Bacillus hyalinus Jordan, 
Report, Mass. Slate Bd. of Health, 1890, 
835; Bacterium hyalinus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 8, 1897, 
95; Bergey ct al.. Manual, 1st ed., 1923, 
138.) From sand in a septic tank. See 
Manual, 4th ed., 1934, 216 for a descrip¬ 
tion of this organism. Also reported by 
Hatcher (Jour. Elisha Mitchell Sci. Soc., 
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55,1939,332) from the feces of a cockroach 
{Periplaneia americana). Litmus milk 
acid and coagulated. G ram - ncgati ve. 

Achromobacter inunctum (Pohl) Bergey 
et al. (Bacilltis inimciua Pohl, Cent. f. 
Bakt., Ilf 1892, 143; Bacterium inunclus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9f 1897, 94; Bergey et al., Manual, 
let ed., 1923, 141.) From water. See 
Manual, 4th ed., 1934, 221 for a descrip¬ 
tion of this organism. 

Achromobacter lacticum Bergey et al. 
(Kramer, Die Bakteriologie der I>and- 
wirtschaft, 2^ 1892, 24; Bergey et al.. 
Manual, Ist ed., 1923, 152.) From slimy 
milk. Sec Manual,. 5th ed., 1939, 519 
for a description of this organism. This 
appears to refer to Loeffler’s slimy milk 
bacillus, more correctly known as Bac¬ 
terium pituitosum Migula. 

Achromobacter larvae (Stutzer and 
Wsorow) Bergey et al. (Enterobacillus 
larvae Stutzer and Wsorow, Cent. f. 
Bakt., II Abt., 77, 1927, 119; Bergey et 
al., Manual, 3rd ed., 1930, 227.) From 
intestinal tract of normal and diseased 
caterpillars of winterwheat cutworm 
{Euxoa segetum). See Manual, 5th ed., 
1939, 541 for a description of this organ¬ 
ism. 

Achromobacter liqmdum (Frankland 
and Frankland) Bergey et al. (Bacillus 
liqutdus G. and P. Frankland, Ztschr. f. 

» 1889, 382; Bacterium liqutdum 

Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9y 1897, 137; Pseudomonas liquida 
Chester, Man. Determ. Bact., 1901, 311; 
Bergey et al., Manual, Ist ed., 1923,145.) 
From water. See Manual, 5th od., 1939, 
511 for a description of this organism. 

Achromobacter litorale (Russell) 
Bergoy et al. ( Bacillus litoralis Russell, 

Ztschr. f. Hyg., //, 1891, 199; Bacterium 
litoralis Chester, Ann. Rept. Del. Col. 
.Vgr. Exp. Sta., 5, 1897, 94; Pseudomonas 
litoralis Migula, Syst. d. Bakt., 2^ 1900, 
879; Bergey et al.. Manual, 1st ed., 1923, 
138.) See Manual, 5th ed., 1939, 503 for 
a description of this organism. From 
mud bottom, Gulf of Naples. 


Achromobacter litorale var. 2, Bois and 
Roy. (Naturaliste Canadian, 71 y 1945, 
259.) From intestine of the codfish 
(Gadus callarias L.). 

Achromobacter ntiddletownii (Chester) 
Bergey et al. (Species No. 53 of Conn, 
Storrs Agr. Exper. Sta., 7th Ann. Rept. 
for 1894,1895,82; Bacterium middletownii 
Chester, Man. Determ. Bact., 1901, 
147; Bergey et al.. Manual, Ist ed., 1923, 
151.) From milk. See Manual, 4th 
ed., 1934, 245 for a description of this 
organism. 

Achromobacter mucidus Alford and 
McCleskey. (Proc. Louisiana Acad. Sci., 
7, 1943, 25.) From crab meat having 
musty odor. 

Achromobacter nijibetsui Takeda. 
(Cent. f. Bakt., II Abt., 94, 1936, 48.) 
From fish hatchery water. Not patho¬ 
genic to salmon eggs. 

Achromobacter nitrovorurn (Jensen) 
Bergey et al. (Bacterium nitrovorurn 
H. Jensen, Cent. f. Bakt., II Abt., 4, 
1898, 450; Bergey et al.. Manual, 1st 
ed., 1923, 154.) From horse manure. 
See Manual, 4th ed., 1934 , 248 for a 
description of this organism. 

Achromobacter perolens Turner. (Aus¬ 
tralian Jour. Exp. Biol, and Med. Sci., 
4, 1927, 57.) From musty eggs. 

Achromobacter pestifer (Frankland and 
Frankland) Bergey et al. (Bacillus 
pestifer G. and P. Frankland, Philosoph. 
Trans. Roy. Soc., liondon, B, 778, 1^, 
277; Bacterium pestifer Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
96; Bergey et al.. Manual, 1st ed., 1923, 
140.) From dust. See Manual, 5th ed., 
1939, 507 for a description of this or¬ 
ganism. 

Achromobacter pikowskyi Bergey et al. 
(Culture No. 25, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bergey et al.. Manual, 3rd ed., 1930, 
222.) From sea water. See Manual, 
5th ed., 1939, 514 for a description of this 
organism. 

Achromobacter pinnatum (Ravenel) 
Bergey et al. {BadUus pinnatm 
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Ravenel, Memoirs Nat. Acad. Sci., 

1896, 32; Bacterium pinnatus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., P, 

1897, 72; Bergey et al., Manual, Ist ed., 
1923, 142). Fn>ni soil. See Manual, 4th 
ed., 1934, 223 for a description of this 
organism. 

Achromobacier ravenelii Bergey et al. 
(Bacillus gem inns major Ravenel, Me¬ 
moirs Nat. Acad. Sci., 8,1896,27; Bacil¬ 
lus raveneli Chester, Man. Determ. Bact., 
1901, 217; Bergey et al.. Manual, Ist 
ed., 1923, 143.) From soil. Gibbons 
(Contrib. to Canadian Biol, and Fish., 
8, No. 22, 1934, 279) reports this species 
from the slime on cod (Gadus callarias). 
»See Manual, 4th ed., 1934, 224 for a 
description of this organism. 

Achromobacier refrartans (Wright) 
Bergey etal. (Bacillus refractans Wrighi, 
Mem. Nat. Acad. Sci., 7, 1894, 442; Bac¬ 
terium refractans Chester, .Vnn. liept. 
Del. Col. Agr. Exp. Sta., P, 1897, 82; 
Beigey et al., Manual, Ist cd., 1923,150.) 
From water. See Manual, 4th ed., 1934, 
244 for a description of this organism. 

Achromobacier reticulare (Jordan) 
Bergey et al. (Bacillus reticularis 
Jordan, Kept. Mass. State Bd. of Health, 
1890, 834; Bergey et al., Manual, 1st 
ed., 1923, 144.) From the effluent of a 
septic tank. See Manual, 5th ed., 1939, 
510 for a description of this organism. 

Achromobacier rodonatum (Ravenel) 
Bergey et al. (Bacillus rodonaius 
Ravenel, Memoirs Nat. Acad. Sci., 
8,1896,40; Bacterium rodonaius Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., P, 
1897, 83; Beigey et al., Manual, Ist ed., 
1023, 150.) From soil. See Manual, 4th 
ed., 1934, 244 for a description of this 
organism. 

Achromobacier rugosum (Chester) 
Bergey et al. (Species No. 27, Conn, 
Storrs Agr. Exp. Sta., 1803, 54; Bacillus 
rugosus Chester, Man. Deterin. Bact., 
1901,220; not Bacterium rugos urn I fcnrici, 
Arb. Bakt. Inst. Tech. Hochschule 
Karlsruhe, /, 1894, 43; not Bacillus 
rugosus Wright, Memoirs Nat. Acad. 


Sci., 7, 1895, 438; Bacterium geminus 
major Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., P, 1897, 73; Bergey et al., 
Manual, Ist ed., 1923, 143.) From soil. 
See Manual, 4th ed., 1934, 224 for a de¬ 
scription of this organism. 

Achromobacier sewerinii Bergey et al. 
(Kultur No. 3, Sewerin, Cent. f. Bakt., 
II Abt., /, 1895, 1G2; Vibrio denitrificans 
Sewerin, Cent. f. Bakt., II Abt., 8, 1897, 
517; Bergey et al., Manual, Ist ed., 1923, 
140.) From horse manure. 

Achromobacier solitarium (Ravenel) 
Bergey et al. (Bacillus solitarius Rave¬ 
nel, Memoirs Nat. Acad. Sci., 8,1896, 29; 
Bacterium solitarius Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., P, 1897, 71; 
Bergey et al., Manual, 1st id., 1923,143.) 
From soil. Giblx)n8 (Contrib. to Cana¬ 
dian Biol, and Fish., 8, No. 22, 1934, 279) 
re|)orts this species from the slime on cod 
(Gatins callarias). Sec Manual, 5th ed., 
50t) for a description of this or¬ 
ganism. 

Aehromobackr slutzeri (Lehmann and 
Neumann) Bergey et al., (Bacillus deni- 
trificans II, Burri and Stutzer, Cent. f. 
Bakt., II Abt., /, 1895, 392; Bacterium 
slutzeri lichmann and Neumann, Bakt. 
Diag., 1 Aufl., 2,1896,237; Bacillus nitrog- 
enes Migula, Syst. d. Bakt., 8,1900, 793; 
Bacillus slutzeri Chester, Man. Determ. 
Bact., 1901, 225; Bergey et al.. Manual, 
3rd ed., 1930, 207.) From horse manure. 
Sec Manual, 4th ed., 1934, 221 for a de¬ 
scription of this organism. 

Achromobacier tiogense (Wright) Ber¬ 
gey et al. (Bacillus tiogensis Wright, 
Memoirs Nat. Acad. Sci., 7, 1894, 441; 
Bacterium tiogensis Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., P, 1897, 82; 
Bergey et al.. Manual, Ist ed., 1923, 150.) 
From water. Sec Manual, 4th cd., 1934, 
244 for a description of this organism. 

Achromobacier nbiquilum (Jordan) 
Bergey et al. (Bacillus MquitusJord&n, 
Kept. Mass. State Bd. of Health, 1890, 
830; Bacterium Mquiius Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., P, 1897, 
144; Bergey et al.. Manual, Ist ed., 1923, 



FAMILY ACHiiOMOBACi'KKIACKAK 


427 


153.) From sewage, water and dust. 
See Manual, 5th ed., 1930, 517 for a do- 
scription of this organism. 

Achromobacler venenosum (Vaughan) 
Horgoy et al. {Bacillus venenosus 
Vaughan, Amer. Jour. Med. Sci., 104, 
1892, 191; Bergcy et al.. Manual, Ist ed., 
1923, 141.) From water. Clihbons 

(Contrib. to Canadian Biol, and Fish., 
8, No. 22, 1934, 279) reports this species 
from the slime on cod (Gadus callarias) 
and the feces of dogfish (Squalus acan- 


thias). See Manual, 4th ed., lOIM, 222 
for a description of this organism. 

Achromobacler visco-symbiolicum (Bu¬ 
chanan and Hamnier) Bergey et al. 
{Bacillus visco-symbiolicurn Buchanan 
and Hammer, Iowa Agr. F.xp. Sta. lies. 
Bull. 22, 1915, 261; Escherichia symbiot- 
tea Bergey et al., Manual, Ist ed., 1923, 
202; Bergey et al , 3rd ed., 1930, 209.) 
L>om ropy milk. See Manual, 4th ed., 
19.34, 223 for a description of this organ- 

i.sm. 


Genus III. Flavobacterlum Bergey ct al.* 

(Bergey et al., Manual, Ist ed., 1923, 97; Flavobncter Stewart, Joui. Mar. Biol. 
Assoc. Un. Kingdom, IS, 1932, 41.) From Ijatin flavus, yellow and bacterium, a small 
rod. 

Hods of medium .size forming a yellow to omnge ])ignie.nt (ui culture media Motile 
with peritrichous flagella or non niotile. (Generally (Irani-negative, ('haracterized 
by feeble |K)wer.s of attacking carlxdiydrates, occasionally forming acid from he.xoses 
but no ga.s. Occur in water and soil. 

The type .species i.s Flavobactcrium aquatilc (Frankland and Fninkland) Bergey 
et al. 


Key to the species of genus Flavobacterlum. 

I. Non-motile, and slow or no liciuefaction of gelatin. 

A. Litmus milk unchanged. 

1. Nitrites not produced from nitrates. 

1. Flavobactcrium aquatile. 

II. Motile w'ith ix'ntrichous flagella. 

.\. Gelatin liquefied. 

1. Litmus milk unchanged 

a. Nitrites produced from nitrates. 

2. Flavobactcrium diffusum. 

3. Flavobacterium okeanokoites, 

4. Flavobactcrium rigcnsc. 
aa. Nitrite.s not produced from nitrates. 

b. From fresh water. 

5. Flavobacterium devorans. 

bb. From sea water. 

6. Flavobactcrium marinotypicum. 

7. Flavobactcrium martnovirosum. 

8. Flavobacterium halohydrum. 

9. Flavobacterium neptunium. 


• Partially rearranged before his death by Prof. D. H. Bergey, Philadelphia, 
Pennsylvania, Sept., 1937; further revision by Prof. Robert S. Breed, New York 
State Experiment Station, Geneva, New York, June, 1945. 
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2. Litmus milk alkaline. 

a. Nitrites produced from nitrates. 

10. Flavobaclerium sitavcolens. 

11. Flavohactcrium rhenanus. 
aa. Nitrites not produced from nitrates. 

12. Flavobaclerium viarinnm. 

13. Flavobaclerium harrisouii. 

B. Gelatin not liquefied. 

1. Litmus milk unchanged. 

a. Nitrites not produced from nitrates. 

14. Flavobaclerium invisible. 

2. Litmus milk acid. 

a. Nitrites not produced from nitrates. 

15. Flavobaclerium lacti.'^ 


III. Non-mo tile. 


A. Gelatin liquefied. 

1. Litmus milk unchanged. 

16. Flavobaclerium scivanense. 

2. Litmus milk reduced. 

a. Nitrites not produced from nitrates. 

17. Flavobaclcritnn arborcscens 

3* Litmus milk alkaline. 

a. Nitrites produced from nitrates. 

IS. Flavobaclerium lulcscens. 

10. Flavobacleuum fucalum. 

4. Litmus milk peptonized. 

a. Nitrites not produced from nitrates. 

20. Flavobaclerium esleroaromaticum. 


5. Litmus milk acid. 

a. Nitrites produced from nitrates. 

21. Flavobaclerium balustinum. 

22. Flavobaclerium dormilator. 

G. Action on litmus milk not recorded. Rust-colored on blood agar. 

23. Flavobaclerium ferrugineum. 

B. Gelatin not liquefied. 

1. Litmus milk unchanged. 

a. Nitrites produced from nitrates. 

24. Flavobaclerium proleus. 
aa. Nitrites not produced from nitrates. 

25. Flavobaclerium breve. 

26. Flavobaclerium solare. 

C. Action on gelatin not recorded. 

1. Litmus milk unchanged. 

a. Nitrites produced from nitrates. 

27. Flavobaclerium flavolenue. 


L Flavobacterium aquatile (Frank- Ztschr. f. Hyg., 6, 1889, 381; Bacterium 
land and Frankland) Bergey ct al. aqualilis Chester, Ann. Kept. Del. Col. 
(Boaiffus oquofi/is G. and P. Frankland, Agr. Exp. Sta., P, 1897, 96; Bergey et 
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al., Manual, Ist ed., 1923, 100.) From 
I^tin aqitatiliSy aquatic. 

Description taken from Frankland and 
Frankland and from studies hy Dr. E. 
Windle Taylor, Metropolitan Water 
Board, I^ndon, on freshl)’ isolated 
cultures. 

Rods: 0.5 l>y 2.5 microns, w ith rounded 
ends, occurring singly, in pairs and in 
chains. O.scillatory movement only; long 
threads oftim remaining motionless 
n'ranklands), (iram-negative (Taylor). 

Clelatin colonies: Center yellow-brown, 
with radiate arrangement of bundles of 
threads. (Colorless margin. Very slow 
liquefaction (none in 6 weeks, Taylor). 

Gelatin stab: Yellow surface grow'th. 
Slow li(picfaction. 

Agar slant: Yellow', smooth, glistening 
limited growdh. 

Broth* Turbid with w'hitish sediment 
No pellicle. 

Litmus milk: Unchanged (Taylor). 

Potato: Limited, yellow' streak to no 
growth. 

Indole not fonned (Taylor). 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 2o®C. 

Distinctive characters: Resembles 
Flavobacterium arboresceris microscopi¬ 
cally; easily distinguished from this 
organism by its much slow’er and limited 
growth on ordinary gelatin and agar 
media, the marked difTerence in the 
appearance of colonies and the inability 
of Flavobacteriuffi aquatile to produce 
more than a limited grow’th on ix)tato. 

Source; Isolated from the water of 
deep wells in the chalk region of Kent, 
England w'here it occurred as a practically 
pure culture. Found abundantly and re¬ 
isolated by Taylor, 1941 from the same 
sources (personal communication). 

Habitat: Water. 

Note; The peritrichous, nitrate re¬ 
ducing and ammonia producing organism 
identified by Bergey (loc. cit.) in 1923, as 
Flavobacterium aquatile appears to have 
been something resembling Flavohac- 
terium diffuaum. 


2. Flavobacterium diffusum (Frank- 
land and Frankland) Bergey et al. 
(Bacillus diffusus O. and P. Frankland, 
Ztschr. f. Hyg., 6, 1889 , 396; Bacterium 
diffusus Chester, Ann. Kept/ Del. Col. 
Agr. E.xp. Sta., P, 1897, 97; Bergey et al.. 
Manual, 1st ed., 1923, 100.) From I.atin 
diffusus^ spreading out, diffuse. 

Description completed from Harrison 
(Canadian Jour. Res., I, 1929 , 2.33) as 
indicated. 

Rods: 0.5 by 1.5 microns, occurring 
singly and in chains. Motile, iwsse.ssing 
peritrichous flagella. (5 ram-negative 
(Harrison). 

Gelatin colonies: Thin, bluish-green, 
.spreading, later faint yellow 

Gelatin stab: Thin, glistening, yellow - 
ish-green surface growth. Slow crateri- 
form liquefaction. 

Agar slant: Thin, light yellow', glisten- 
ing. 

Broth : Turbid, with greenish-yellow 
sediment. 

Litmus milk: Unchanged (Harrison). 

Potato: Thin, .smooth, greenish-yellow, 
glistening growth. 

Indole not formed (Harrison). 

Nitrites produced from nitrate.s (Har¬ 
rison). 

Slight acidity from glucose. No acid 
from sucrose and Lactose (llarri.^n). 

.\erobic, facultative. 

Optimum temjx'rature 25® to 30"C. 

Source: Originally found in soil. 
Found also by Tatarc^ff (Die Dorpater 
Wasserbakterien, Dorixit, 1S91, 58) in 
fresh water and by Harrison (loc. cit."^ 
fnmi skin of halibut from lx)th the At¬ 
lantic and Pacific shores of Canada. 

Habitat: Sj»il, fresh anti sea waters. 

3. Flavobacterium okeanokoites Z<i- 
Bell and Upham. (Hull. Scripps Inst, 
of Oceanogniphy, Univ. ('alif., 5, 1944, 
270.) From Greek Ocean us, the t»cean 
god, the ocean anti coi^es, bed. 

Rods: 0.8 to 0.9 by 1.2 to 1 0 microns, 
W'ilh rounded ends, many ct»ccoid, oc¬ 
curring singly and in long cliaiiih. 
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Motile by means of peritrichous flagella. 
Gram>negative. 

All media except the fresh - water broth» 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Small, circular, con¬ 
vex, entire, rust or orange colored, digest 
gelatin. 

Gelatin stab: Slow napiform liquefac¬ 
tion, yellow growth. 

Agar colonies: 2 mm, circular, entire, 
smooth, convex. 

Agar slant: Moderate, filiform, glisten¬ 
ing, butyrous growth with yellow pig¬ 
ment. 

Sea-water broth: No pellicle, moderate 
turbidity, moderate viscid sediment. 

Fresh-water broth: Good growth. 

Litmus milk: No visible change. 
Casein is digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites slowly produced frorh nitrates. 

Does not produce acid or gas from 
glucose, lactose, maltose, sucrose, glyc¬ 
erol, mannitol, xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide is formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25°C. 

Source: Marine mud. 

Habitat: Sea water. 

4. Flavobacterium rigense Bergey et 
al. (Bacillus brunneus rigensis Bazarew'- 
ski. Cent. f. Bakt., II Abt., 15, 1905, 1; 
Bergey et al., Manual, let ed., 1923, 
100.) From Riga, the name of the city 
where the species was isolated. 

Rods: 0.75 by 1.7 to 2.5 microns, occur¬ 
ring singly. Motile, possessing jx^ri- 
trichous flagella. Gram-negative. 

Gelatin colonies: Circular, entire to 
undulate, grayish-white, homogeneous. 

Gelatin stab: Smooth, yellowish sur¬ 
face growth. Infundibuliform liquefac¬ 
tion. Brownish-yellow sediment. 


Agar slant: Narrow, whitish streak, be¬ 
coming yellowish-brown, spreading. 
Pigment is water and alcohol soluble. In¬ 
soluble in ether. 

Broth: Turbid with pellicle and brown¬ 
ish sediment, (^ells capsulated. 

Litmus milk: Unchanged. 

Potato: Yellow, spreading growth. 
The growth turns brownish. 

Hydrogen sulfide not formed. 

Indole not formed. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temi)erature 30°C. Brown¬ 
ish colors tlevelop best at lower tempera¬ 
tures. Orange-yellow colors develop best 
at 37®C. 

Habitat: Soil. 

5. Flavobacterium devorans (Zimmer- 
mann) Bergey et al. (Bacillus devorans 
Zimmermann, Bakt. unsercr Trink- u. 
Nutzwasser, Chemnitz, /, 1890, 48; 
Bacterium devorans Chester, Ann. Kept. 
Del. Col. .Vgr. Exp. Sta , 9, 1897, 96; 
Bergey et al., Manual, 1st ed., 1923, 102.) 
From Latin devorans, devouring. 

Characters added to Zimmermann’s 
description by Bergey Hoc. cit.) from his 
private notes are indicated. Steinhaus 
(Jour. Bact., 4^, 1941, 771) apparently 
found the same organism. 

Rods: 0.7 by 0.9 to 1.2 microns, occur¬ 
ring singly, in pairs and chains. Motile 
(Zimmermann), possessing peritrichous 
flagella (Bergey). Gram-negative (Zim- 
raermann). 

Gelatin colonics: Circular, white, gran¬ 
ular to filamentous, becoming yellowish- 
gray. 

Gelatin stab: Slow infundibuliform 
liquefaction. 

Agar slant: Thin, gray, spreading. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: No growth (Zimmermann). 
Yellowish-gray streak (Bergey). 

Indole not formed. 

Nitrites not produce*! from nitrates 
(Bergey). 



FAMILY ACHROMOBACTERIACEAE 


431 


Aerobic, facultative. 

Optimum temperature 26® to 30®C. 

Source: From water at Chemnitz (Zim- 
mermann). From water (Bergey). 
From alimentary tract of the nine-spotted 
lady beetle (Coccinella novemnoiata 
Habst.) (Steinhaus). 

Habitat: Water. 

6. Flavobacterium marinotyplcum Zo- 
Bell and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. (>alif., 6,1944,268.) 
From Latin marinm^ of the sea and typi- 
cusy typical. 

Hods : 0.5 to 0.7 by 1.4 to 2.0 microns, 
occurring almost entirely as single cells. 
Motile by means of four or more peri- 
trichous flagella. Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Very minute, yellow, 
with slow liquefaction. 

Gelatin stab: Crateriform liquefaction 
becoming stratiform. Filiform along line 
of stab. 

Agar colonies: Minute, circular, entire, 
convex, yellow. 

Agar slant: Scanty, filiform, butyrous, 
shiny growth with yellow pigment. 

Sea-water broth: Scanty, yellowish 
pellicle, heavy turbidity, slight viscid 
sediment. 

Fresh-water broth: Good growth. 

Litmus milk; Decolorized, neutral, 
greenish pellicle, slow peptonization. 

Potato: Abundant, shiny, greenish-yel¬ 
low growth. Potato darkened. 

Indole not formed. 

Nitrites not produced from nitrates. 

Produces acid but no gas from glucose 
and glycerol. Does not ferment lactose, 
sucrose, mannitol, xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulhde is formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 


Optimum temperature 20® to 25®C. 

Source: Sea water and marine mud. 

Habitat: Sea water. 

7. Flavobacterium marinovirosum Zo- 
Bell and Upham. (Bull. Scripps. Inst, 
of Oceanography, Univ. Calif., 6, 1944, 
271.) From Latin marinus, of the sea, 
and virosusj covered with slimy liquid or 
ooze. 

Hods: 0.7 to 0.8 by 0.8 to 2.8 microns, 
with rounded ends, occurring singly and 
in long chains. Motile by means of peri- 
trichous flagella. Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Small, circular, 
raised, rust-colored. Slow^ly digest gel¬ 
atin. 

Gelatin stab: Crateriform liquefaction 
becoming stratiform. Light orange pig¬ 
ment. 

Agar colonies: 1 to 2 mm, circular, con¬ 
vex, entire, smooth. 

Agar slant: Moderate, filiform, glisten¬ 
ing, mucoid growth with grayish-yellow 
pigment. 

Sea-water broth: Heavy turbidity, no 
pellicle, abundant viscid sediment. 

Fresh-water broth: Good growth. 

Litmus milk: No visible change. 
Casein is digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Does not ferment glycerol, glucose, 
lactose, maltose, sucrose, mannitol, 
xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide is formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Sea water and marine mud. 

Habitat: Sea water. 

8. Flavobacterium halohydrium ZoBell 
and Upham. (Bull. Scripps Inst, of 
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Oceanography, Univ. Calif., 5,1944,278.) 
From Greek kals^ salt and hydroVy water. 

Short rods: 0.6 by 0.8 to 1.0 microns, 
occurring singly. Motile by means of 
many peritrichous flagella. Gram-nega¬ 
tive. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Small, circular, 
orange. 

Gelatin stab: Napiform liquefaction 
becoming crateriform. Beaded along line 
of stab. 

Agar colonies: 2 mm, pulvinate, circu¬ 
lar, entire, smooth. 

Agar slant: Moderate, glistening, echin- 
ulate, butyrous growth w-ith yellow pig¬ 
ment. 

Sea-water broth: Yellow surface ring, 
heavy turbidity, moderate viscid sedi¬ 
ment. 

Fresh-w'ater broth: No visible growth. 
Litmus milk: No visible change. 
Casein not digested. 

Very poorly tolerant of increases or de¬ 
creases in salinity. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Produces acid but no gas from glucose, 
lactose, maltose, sucrose, and salicin. 
Does not ferment glycerol, mannitol, or 
xylose. 

Starch is hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced .from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 
Source: Sea water and marine mud. 
Habitat: Sea water. 

9. Flavobacterium neptunium ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5,1944,278.) 
From Latin NepluniuSy god of the sea. 

Rods: 0.5 to 0.6 by 1.6 to 4.5 microns, 
many bent rods, occurring singly and in 


short chains. Motile by means of long, 
peritrichous flagella. Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Small, circular, 
darker centers, sink in gelatin, faintly 
yellow. 

Gelatin stab: Slow napiform liquefac¬ 
tion. Filiform growth along line of stab. 

Agar colonies: 2 mm, circular, smooth, 
entire, convex, dark centers with buff 
pigment. 

Agar slant: Luxuriant, echinulate, glis¬ 
tening, slightly mucoid growth with buff 
to yellow pigment. Agar discolored 
brown. 

Sea-w^ater broth: Heavy pellicle, 
scanty turbidity, scanty sediment. 

Fresh-water broth: No visible growth. 

Litmus milk: No visible change. 
Casein not digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Produces acid but no gas from glucose, 
lactose, maltose, and salicin. Does not 
ferment glycerol, mannitol, xylose, or 
sucrose. 

Starch is hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Marine bottom deposits. 

Habitat: Sea water. 

10. Flavobacterium suaveolens Soppe- 
land. (Jour. Agr. Res., 28y 1924, 275.) 
From Latin suaveolens, of a sweet odor. 

Rods: 0.6 to 0.8 by 1.0 to 1.2 microns, 
with rounded ends, occurring singly and 
in pairs. Motile, with peritrichous fla¬ 
gella. Gram-negative on plain agar. 
Gram-positive in young culture on milk 
powder agar. 

Gelatin stab: Rapid stratiform lique¬ 
faction. Medium becomea brown. 
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Agar colonies : Small, circular, smooth, 
yellow, amorphous, undulate margin. 

Agar slant: Moderate, flat, glistening, 
opaque, butyrous, yellow, with aromatic 
odor. 

Broth: Turbid with scanty sediment. 
Aromatic odor, becoming cheesy. 

Litmus milk: Peptonized. Alkaline. 

Potato: Abundant, yellow, glistening, 
becoming brown. 

Indole formed. 

Nitrites are produced from nitrates. 

Hydrogen sulfide formed. 

Slight acid but no gas from glucose, 
sucrose and glycerol. No acid from lac¬ 
tose. 

Starch hydrolyzed. 

Blood serum is liquefied. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Source: Dairy wastes. 

Habitat: Unknown. 

11. Flavobacterium rhenanus (Migula) 
Bergey et al. (Rhine water tiacillu.s of 
Burri, Frankland and Frankland. Micro¬ 
organisms in Water, 1894 , 483; Bacillm 
rhenanus Migula, Syst. d. Bakt., 2^ 1900, 
713; Bacillus rheni Chester, Manual De¬ 
term. Bact., 1901, 251; Bergey et al., 
Manual, 1st ed., 1923, 103.) Named for 
the Rhine River. 

Characters added to Burri's descrip¬ 
tion by Bergey {loc. cit.) from his private 
notes are indicated. Steinhaus (Jour. 
Bact., 4^, 1941,771) apparently found the 
same organism and has added other char¬ 
acters. 

Rods: 0.7 by 2.5 to 3.5 microns, with 
rounded ends, occurring singly and in 
chains (Burri). Motile, |X)ssessing peri- 
trichous flagella (Bergey). Gram-nega¬ 
tive (Bergey). 

Gelatin colonies- Convex, colorless, 
transparent, becoming yellowish. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonies: Small, snux)th, convex, 
entire. 

Glycerol agar slant: Thin, shining, 
honey-colored. Growth dry and tough. 


Broth: Turbid, with orange-colored 
pellicle and sediment. 

Litmus milk: Soft coagulum, becoming 
slightly alkaline with yellow ring. 

Potato: Moist, glistening, thin, flat, 
orange to rust-colored. 

Indole not formed (Bergey). 

Nitrites produced from nitrates (Ber¬ 
gey). 

Acid from glucose, maltose, and su¬ 
crose but not lactose (Steinhaus). 

No hydrolysis of starch (Steinhaus). 

No H*S produced (Steinhaus). 

Aerobic facultative. 

Optimum temperature 30®C. 

Source: From Rhine River w'ater 
(Burri). From water (Bergey). From 
eggs in ovary of a walking stick 
{Diapheromera femorataSay) (Steinhaus). 

Habitat: Presumably widely distrib¬ 
uted in nature. 

12. Flavobacterium marinum Harri¬ 
son. (Canadian Jour, of Research, /, 
1929, 234.) From I^tin marfnus, per¬ 
taining to the sea. 

Rods: 0.8 by 1.2 to 1.3 microns, with 
rounded ends. Occur singly and in 
pairs. Motile with 4 to 5 peritrichous 
flagella. Encapsulated. Gram-variable. 
Show blue granules in Gram-negative 
rods. 

Gelatin colonies: Cin ular, iridescent, 
whitish margin with pale yellow center. 
Liquefaction. 

Gelatin stab: Saccate to stratiform 
liquefaction. 

.Vgar colonies: Circular, i>ale yellow, 
smooth, convex, granular, reticulate edge. 

Agar slant: Aml>er-yellow, slightly 
raised, spreading, smooth, glistening, 
tran.sparent. 

Ammonium phosphate agar: Scant 
growth. 

Broth: Turbid, sediment. 

Litmus milk: Alkaline. Digestion 
without coagulation. Clear scrum. 

Potato: Abundant, amber-yellow, be¬ 
coming <lirty yellow, spreading, glisten¬ 
ing. 
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Indole not formed. 

Nitrites not produced from nitrates. . 
Trace of ammonia formed. 

Faint acidity from glucose. No action 
on lactose or sucrose. 

Loefller’s blood serum not liquefied. 
Faint yellow spreading growth. 

No HiS formed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Isolated from living halibut 
obtained at 30 to 50 fathoms, Pacific 
Ocean. Gibbons (Contrib. to Canadian 
Biol, and Fish., 3, No. 22, 1934, 279) re¬ 
ports this species as occurring in the slime 
and feces of cod {Gadus callariaa)^ hali¬ 
but (Hippoglossus hippoglossus) and 
skate (Raja erinacea). 

Habitat: .Skin and feces of fishes. 

13. Flavobacterlum harrisonii Bergey 
et al. (Variety No. 6, Harrison, Rev. 
g^n. du Lait, 5, 1005, 129; Bacillus laciis 
harrisonii Conn, Esten and Stocking, 
Ann. Kept. Storrs Agr. Exp. Sta., 1906, 
169; Bergey et al., Manual, 1st ed., 1923, 
104.) Named for Prof. F. C. Harrison, 
the Canadian bacteriologist who first iso¬ 
lated this species. 

Rods: 0.^ to 0.75 by 0.3 to 3.5 microns, 
occurring singly and occasionally in short 
chains. Motile, possessing peritriohous 
flagella. Gram-negative. 

Gelatin colonies: Small, gray, glisten¬ 
ing, lobular, citron-yellow, slimy. 

Gelatin stab: Villous growth in stab. 
Slow crateriform to napiform liquefac¬ 
tion. 

Agar slant: Luxuriant, viscous, spread¬ 
ing, becoming dirty, to brownish citron- 
yellow. 

Broth; Turbid, with viscid ring and 
gelatinous sediment, sweetish odor, al¬ 
kaline. 

Litmtis milk: Colorless to gray and 
slimy, becoming yellow, alkaline. 

Potato: Luxuriant, yellow, spreading, 
slimy. 

Indole not formed. 

Glucose, lactose, maltose and sucrose 
broth turn alkaline with a disagreeable 


odor. Reaction of glycerol broth remains 
. neutral. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Source: Slimy milk. 

Habitat: Unknown. 

14. Flavobacterlum invislbile (Vaughan) 
Bergey et al. (Bacillus invisibilis 
Vaughan, .Vmerican Jour. Med. Sci., 104^ 
1892, 191; Bacterium invisibilis Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 77; Bergey et al.. Manual, 1st ed., 
1923, 109.) From I^atin invisibilis^ not 
visibilc. 

Rods: 0.6 to 0.7 by 1.2 to 2.0 microns, 
occurring singly. Motile, possessing 
peritrichous flagella. Gram-negative. 

Gelatin colonies: Pale yellow, burr¬ 
like, with irregular margin. 

Gelatin stab: Scanty growth on surface. 
Good gn^wth in stab. No liquefaction. 

.Vgar colonies: White, convex, smooth, 
serrate. 

Agar «lant: Limited, thick, white 
streak. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 35®C. 

Habitat: Water. 

15. Flavobacterlum lactis Bergey et al. 
(Bacillus aromaticus laciis Grimm, Cent, 
f. Bakt., II Abt., 8, 1902, 584; Bacillus 
aromaticus Grimm, ibid., 589; not 
Bacillus aromaticus Pammel, Bull. 21, 
Iowa Agr. E.\p. Sta., 1893, 792; Bergey 
et al., Manual, 1st ed., 1923,108.) From 
Latin /ac, milk. 

Rods: 0.7 to 1.0 by 3.5 to 4.0 microns, 
occurring singly, in pairs and in chains. 
Motile, possessing peritrichous flagella. 
Gram-negative. 

Gelatin colonics: Circular, light yellow, 
slimy. Concentrically ringed, undulate. 

Gelatin stab: Slimy surface growth. 
No liquefaction. 



FAMILY ACHROICOBACT£RUCEAE 


435 


Agar slant: Slimy, yellowish, smooth, 
moist. 

Broth: Turbid, with abundant sedi¬ 
ment. 

Litmus milk: Slightly acid. 

Potato: Thick, slimy, brownish, with 
yellowish margin. 

Indole not formed. 

Nitrites not produced from nitrates. 

Cultures have pleasant odor. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Source: Isolated from milk. 

Habitat: Unknown. 

16. Flavobacterlum sewanense (Ka- 
lantarian and Pctrossian) Bergey et al. 
(Bacterium sewanense Kalantarian and 
Petrossian, Cent. f. Bakt., II Abt., 85, 
1932, 431; Bergey et al., Manual, 4th cd., 
1934,160.) From M. L., Sevan, a lake in 
Armenia. 

Straight or curved rods: 1.0 to 2.0 by 
4.0 to 5.0 micA>ns on Molisch’s agar; on 
meat extract agar and potato agar they 
are short or even coccoid. Ends rounded, 
occurring singly or in pairs. Non-motile. 
Gram reaction not given. Presumably 
negative. 

Gelatin stab: Slow liquefaction. 

Agar colonies: Circular, raised, glisten¬ 
ing, dirty white. Deep colonies yellow 
and lens-shaped. 

Agar slant: Abundant, dirty yellow, 
glistening, raised. 

Broth: Turbid with characteristic 
growth forms. Pellicle formed in old cul¬ 
tures. 

Milk: Unchanged. 

Potato: Yellow, raised, glistening, with 
darkening of the medium. 

No visible gas produced from carbo¬ 
hydrates. 

Crystals of calcium carbonate form in 
old cultures on CaClt and Molisch's agar. 

Aerobic, facultative. 

Optimum temperature 20"C. 

Source: Isolated from pellicle formed 
on surface of fish infusions in Lake Sevan 
and tap waters containing 1 per cent 
OtClt. 


Habitat: Sea water. Thought to pro¬ 
duce deposits of CaCOi in Lake Sevan, 
S. S. R. Armenia. 

17. Flavobacterlum arborescens 
(Frankland and Frankland) Bergey ct al. 
(Bacillus arborescens Frankland and 
Frankland, Ztschr. f. Hyg., 5, 1889, 379; 
also see Tils, Ztschr. f. Hyg., 9,1890,312; 
Zimmermann, Bakt. unserer Trink- u. 
Nutzwasser, 2, 1894, 20; and Wright, 
Mem. Nat. Acad. Sci., 7, 1894, 446, var. 
a and b; Bacterium arborescens Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897,106; Migula, Syst. d. Bakt., 8,1900, 
468 uses Bacillus arborescens in the text 
by mistake as Bacterium is used for other 
species in the genus and Bacterium ar¬ 
borescens is used in the index, p. 1058; 
not Bacillus arborescens Chester, Man. 
Determ. Bact., 1901, 249; Erythrobacillus 
arborescens Holland, Jour. Bact., 5, 1920, 
217; Bergey et al., Manual, Ist ed., 1923, 
113.) From Latin arborescens^ becoming 
a tree or tree-like. 

Rods: 0.5 by 2.5 microns, occurring 
singly and in chains. Non-rnotile (Frank- 
lands). Gram-negative (Zimmermann). 

Gelatin colonies: Radiate branching 
filaments. Center yellowish, border 
translucent. 

Gelatin stab: Liquefied with yellow 
deposit. 

Agar slant: Dirty orange growth. 

Broth: Turbid, with orange sediment. 
No pellicle. 

Litmus milk: Slow coagulation; litmus 
reduced. Reaction unchanged (Wright). 

Potato: Deep orange, luxuriant growth. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30®C. . 

May belong to Corynebacterium (Leh¬ 
mann and Neumann, Bakt. Diag., 7 Aufi., 
«, 1927, 709). 

Source: From river and lake water. 

Habitat: Water. 

17a. Bacillus arborescens Chester. 
(Bacillus arborescens non-liguefaciens 
Ravenel, Mem. Nat. Acad. Soi., 8, 1306, 
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39; Bacterium arbareBcene non4ique- 
faciens Chester^ Ann. Kept. Del. Col. 
Agr. Exp. Sta., P, 1897, 103; not Bac¬ 
terium arhoreBcena non-liquefaciens von 
Rigler, Hyg. Rund., /f, 1902, 479; Ches¬ 
ter, Man. Determ. Bact., 1901, 249.) 
Regarded by author as a non-liquefying 
strain of Bacillue arhorescena Frankland 
and Frankland. Not a 3 *ellow ohromo- 
gen. From soil. 

18. Flavobacterium lutescens (Mig- 
ula) Bergey et al. (Der gelbe Bacillus, 
Lustig, Diagnostik der Bakterien des 
Wassers, 1893, 78; Bacterium lutescens 
Migula, Syst. d. Bakt., P, 1900, 476; 
Bergey et al., Manual, Ist ed., 1923,114.) 
From Latin lutum, yellow; lutescens, be¬ 
coming yellowish. 

Rods: 0.5 by 0.95 micron, occurring 
singly and in pairs. Non-motile. Gram- 
negative. 

Gelatin colonies: Circular, yellow, 
bbate. 

Gelatin stab: Slow liquefaction. 

Agar slant: Pale yellow, becoming 
golden yellow. 

Broth: Turbid. 

Litmus milk: Alkaline. 

Potato: Luxuriant, golden-yellow' 

growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30° to 35°C. 

Source: From water. Gibbons (Con- 
trib. to Canadian Biol, and Fish., 8, No. 
22, 1934, 279) reports this species as oc¬ 
curring in the slime of the cod (Gadus 
caUarias), 

Habitat: Fresh and salt water. 

19. Flavobacterium fucatom Harrison. 
(Canadian Jour, of Research, i, 1929, 
232.) From Latin fucatujs, painted, col¬ 
ored. 

Rods: OB to 1.0 by 2Jb to 3.5 microns, 
slightly bent, with rounded ends. Gran¬ 
ular with diphtheroid forms at 37°C. Non- 
moUle. Gram-negative. 


Gelatin colonies: Circular, yellow, en¬ 
tire, paler at edges. 

Gelatin stab: Crateriform liquefaction. 

Agar colonies: Circular, buff-yellow, 
smooth, shiny, convex to pulvinate, gran¬ 
ular, entire. 

Agar slant: Moderate, light buff-yellow, 
spreading, shiny, smooth. 

Ammonium phosphate agar: Good 
growth in 6 days. 

Broth: Turbid, becoming clear, pellicle 
and yellow sediment. 

Litmus milk: Alkaline. Peptonized. 
Clear serum. Yellow sediment. 

Potato: Abundant, pale buff-yellow, 
smooth, spreading, becoming orange-yel¬ 
low. 

Indole not formed. 

Nitrites produced from nitrates. 

Traces of ammonia formed. 

No acid from glucose, lactose or suc¬ 
rose. 

Loeffler's blood serum not liquefied. 
Light buff-yellow growth becoming ochra¬ 
ce us salmon. 

No H 2 S formed. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Source: Repeatedly isolated from living 
halibut obtained at 30 to 50 fathoms. 
Pacific Ocean. Also isolated by Gibbons 
(Contrib. to Canadian Biol, and Fish., 8, 
No. 22, 1934 , 279) from cod {Gadus 
callarias) and dogfish (Squalus acan- 
thiaa). 

Habitat: Skin of fishes. 

20. Flavobacterium esteroaromatlcum 
(Omelianski) Bergey et al. (Bacterium 
esteroaromaticum Omelianski, Jour. Bact., 
8, 1923, 407; Bergey et al.. Manual, 3rd 
ed., 1930, 149.) From M. L., ester and 
Greek aromatic us, aromatic. 

Rods: 0.5 by 1.0 to 3.0 microns. Non- 
motile. Gram reaction not recorded. 

Gelatin stab: Crateriform liquefaction 
with odor of musk melons. 

Agar colonies: Circular, yellow-brown, 
with fimbriate maigin and a fruity aroma. 
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Broth: Turbid, slight sediment. Faint 
fruity aroma. 

Litmus milk: Peptonized. Cheesy 
odor. 

Potato: Abundant growth. Disagree¬ 
able odor. 

Ix)efHer’8 blood serum: Liquefied. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia formed. 

Hydrogen sulfide formed. 

Fat hydrolyzed. 

Methylene blue reduced. 

No acid from carbohydrates. 

.\erobi<*, facultative. 

Optimum temperature 30®C. 

Source: Accidental contaminant in rab> 
bit brain containing rabies virus. 

Habitat: Presumably widely distrib¬ 
uted. 

21. Flavobacterium balustinum Harri¬ 
son. (Canadian Jour. Kesearch, /, 1921), 
234.) 

Hods: 0.6 by 2.0 to 4.0 microns, forming 
short chains. Non-motile. C nun-nega¬ 
tive. 

Gelatin colonies: Circular, bright yel¬ 
low center, entire. 

Gelatin stab: Liquefied. 

Agar colonies: Punctiform, cadmium- 
yellow, convex, shiny, transparent 

Agar 8li,nt: yolk-yellow, semi¬ 

transparent streak, smooth, shiny, l)e- 
coming brownish-yellow. 

.Vmmonium phosphate agar: Slight yel¬ 
low growth. 

Broth: Turbid, with yellow .s«»diment. 

Litmus milk: Slightly acid with yellow’ 
sediment. 

Potato: Scant, yellow’ growth. 

Indole not formed. 

Nitrites (trace) produced from ni¬ 
trates. Ammonia not formed. 

Faint acidity from glucose. No action 
on lactose or sucrose. 

lioeffler’s blood serum not liquefied, 
yolk-like growth. 

No 11-8 formed. 

Aerobic, facultative. 


Optimum temperature 20® to 26®C. 

Source: Isolated from living halibut 
obtained at 30 to 50 fathoms, Pacific 
Ocean. 

Habitat: Skin of fishes. 

22. Flavobacterium dormitator 

(Wright) Hergeyetal. (Bacillus dormi- 
tator Wright, Memoirs Nat. Acad. Sci., 7, 
1895, 442; Bacterium dormitator Chester, 
Ann. Ilept. Del. Agr. K.xp. Sta., P, 1897, 
109; Hergey et al., Manual, Ist ed., 1923, 
115.) From liStin dormitator, one who 
sleeps. 

Description completed from Harrison 
(Canadian Jour. Hcs., /, 192t), 233) whose 
cultures differed in some particulars 
from Wright’s. 

Rods with conical ends, occurring 
singly, in pairs and in chains Xon-mo- 
tile. (J ram-negative (Harrison). 

Gelatin colonies: Small, yellow’, slightly 
granular, liquefying. 

Gelatin stab: Infundibuliform lique¬ 
faction, yellow’ sediment. 

.\gar slant: Yellow’, glistening, translu¬ 
cent. 

.Ammonium phosphate agar: Slight yel¬ 
low’ growth. 

Broth : Turbid, w’ith slight pellicle and 
yellow’ sediment. 

Litmus milk: Slightly acid; litmus re¬ 
duced. Harrison rtqM>rts no reduction. 

Potato: Slight, transfiarent, yellow 
growth. 

Indole not formed (Harrison). 

Nitrite (trace) produced fmm nitrates 
(Harrison). 

.Acid from glucose, suemst*, glyia»rdl and 
mannitol. No acid from lactose, raflinose, 
and inulin (Harrison). 

Aerobic, facultative. 

Optimum temia»rature 30 C. 

8oarce; Originally isolated fnim fr«»ah 
water at Philadelphia. loiter isolated by 
Harrison (loc. at.) fnmi skin of halibut 
taken in Pacific ocean off Canada. Gib¬ 
bons (Contrib. to Canadian Biol, and 
Fish.. 8, No. 22, 1934 , 279) reporU this 



438 


MANUAL or dbtsrmA^ative bactsrioloqy 


species as occurring in the slime of a had¬ 
dock {MelanoQrammw aeglefinus). 

Habitat: Fresh and salt water. 

23. Fla^obacterium ferruginemn Sick- 
lesand Shaw. (Jour. Bact., 1934,421.) 
From Latin ferrugineuSy resembling rust. 

Small, slender rods: Less than 0.5 by 
0.7 to 1.0 micron, occurring singly and in 
pairs. Non>motile. Gram-negative. 

Gelatin: Liquefaction in one week at 
37^0; at room temperature liquefaction 
slower, napiform* yellow sediment along 
line of puncture. 

Blood agar colonies: Dull, rust-colored, 
1 mm in diameter, round, entire, umbili- 
cate, rather dry. 

Agar colonies: Similar to blood agar 
colonies but yellowish-gray in color. 

Blood agar slants: Moderate growth, 
rust-colored, rather dr>'. 

Agar slants: Growth very slight, thin, 
yellowish-gray. 

Beef-infusion broth: No grow'th. 

Beef extract broth: Moderate even tur¬ 
bidity. Adding type-specific carbohy¬ 
drate results in a heavier growth wnth 
yellow sediment. 

Potato: Moderate growth, bright orange 
in color. Potato darkened. 

Very active hydrolysis of starch. 

Acid but no gas from glucose, lactose, 
sucrose, maltose, dextrin and inulin; very 
slight action on mannitol; no action on 
salicin. 

Limits of growth: Optimum pH 7.0 to 
7.5. Minimum 6.5. Maximum 9.0. 

Temperature relations: Optimum 35^ 
to ^7^C. Minimum 22^0. Maximum 
39®C. Thermal death point 52®C for 10 
minutes. Enzyme produced by strain 
against pneumococcus carbohydrate with¬ 
stands 56''C for 10 minutes. 

Facultative aerobe. 

Distinctive character: Decomposes the 
non-type-specific carbohydrate obtained 
from a deg^ed type 1 pneumococcus. 

Source: Several strains isolated from 
swamps and other uncultivated scnls. 

Habitat: Soil. 


24. Flavobacterlum proteus Shim well 
and Grimes. (Bacterium Y, Shim well 
and Grimes, Jour. Inst. Brewing, N.S. 
F5,1936,119; Shimwell and Grimes, ibid,, 
348.) From Latin Proteus, a sea god who 
often changed in form. 

Rods: 0.8 to 1.2 by 1.5 to 4.0 microns, 
occurring singly or in chains, and having 
rounded ends. Highly pleomorphic. 
Thickened filaments and spindle-shaped 
swellings common. Probably non-motile. 
Gram-negative. 

Wort-gelatin plate: Surface colonies 
irregular, up to 1 mm in diameter, gray- 
ish-w'hite or yellowish, flat or slightly 
raised, margin entire to lobate or crenate. 
Deep colonies circular., small, yellow'ish. 

Wort-gelatin streak: Scanty, filiform or 
beaded, slightly raised, at first almost 
transparent, later more opaque and whit¬ 
ish-buff. 

Wort-gelatin stab: Scanty, filiform or 
beaded, almost colorless. No liquefac¬ 
tion. 

Wort-agar plate: Colonies small, pale, 
buff-colored, resembling bread-crumbs in 
shape. 

Wort-agar streak: Similar to w'ort-gela¬ 
tin streak. Sometimes a slight metallic 
sheen on old cultures. 

Broth: Turbid in 24 hours at 30®C, with 
a slight surface scum. 

Litmus milk: Unchanged. 

Potato: A slight, barely visible growtli 
consisting of a narrow filiform dirty yel¬ 
low line. 

Indole not produced. 

Nitrites are produced from nitrates. 

Acetymethylcarbinol not produced 

Starch not hydrolyzed. 

Small amount of acid and gas from glu¬ 
cose and maltose. Trace of acid but no 
gas from sucrose. No acid or gas from 
lactose. 

Acid, gas and ethyl alcohol produced in 
small quantity from wort together with a 
pronounced parsnip-like odor. 

Optimum pH 5.0. No growth at pH 
4.0. 

Temperature relations: Optimum 32^C. 
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Good growth at 18^ C. Thermal death 
point 54^ C for five minutes. 

Aerobic, facultative. 

Distinctive character: Extreme pleo- 
morphism in media of neutral or slightly 
alkaline reaction. 

Source: Isolated from brewers* yeast. 

Habitat: The common short rod bac¬ 
terium of brewers* yeast. 

25. Flavobacterium breve (Frankland 
and Frankland) Bergey et al. (Kurzei 
Canal bacillus, Mori, Ztschr. f. Hyg., 

1888, 53; Bacillus brevis G. and P. 
Frankland, Microorganisms in Water, 
1894, 429; not Bacillus brevis Migula, 
Syst. d. Bakt., B, 1900, 583; Bacterium 
breve Chester, Man. Determ. Bact., 1901, 
172; Bergey et al.. Manual, 1st ed., 1923, 
116.) From Latin brevis, short. 

Rods: 0.8 to 1.0 by 2.5 microns, show¬ 
ing polar staining. Non-motile. Gram¬ 
negative. 

Gelatin colonies: Minute, pale yellow, 
compact growth in 2 to 3 weeks. 

Gelatin stab: Thin, yellowish growth 
on surface. Beaded growth in stab. 
No liquefaction. 

Agar slant: Yellowish growth in 2 to 
3 days. 

Broth: Turbid with white sediment. 

Blood serum: Growth of light gray color 
in 2 to 3 days. 

Litmus milk: Unchanged. 

Potato: No growth. 

Aerobic, facultative. 

Optimum temperature 35®C. 

Habitat: Water. 

26. Flavobacterium solare (Lehmann 
and Neumann) Bergey et al. (Roc- 
terium solare Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., B, 1896, 258; Bergey 
et al.. Manual, 1st ed., 1923, 116.) From 
Latin Solaris, solar. 

Rods: 0.3 to 0.4 by 1.0 micron, occur¬ 
ring singly, in pairs and in chains. Non- 
motile. Gram-negative. 

Gelatin colonies: Circular, yellow, glis¬ 
tening, translucent. Projecting rays. 


Gelatin stab: Yellow, arborescent 
growth in stab. No liquefaction. 

Agar slant: Pale yellow, raised, arbor¬ 
escent. 

Broth: Clear. ' 

Litmus milk: Unchanged. 

Potato: Soft, yellowish-brown streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Distinctive character: Resembles 
Flavobacterium arborescens in type of 
growth. 

Source : WOrzburg tap water. Gib- 
lx)ns (Contrib. to Canadian Biol, and 
Fish., 8, No. 22, 1934, 279) reports this 
species as occurring in the slime of a 
skate {Raja erinacea) and of a hjike 
{Urophycis tenuis). 

Habitat: Fresh and salt water. 

27. Flavobacterium flavotenue 

Schrirc. (Trans. Royal Soc. South 
Africa, 17, 1928, 45.) From Latin 
flavus, tawny yellow and tenuis, slender. 
Probably intended to mean, yellow and 
slender. 

Small rods: Non-motile. Gram-nega¬ 
tive. 

Agar colonies : Small, circular, lemon 
yellow, raised, entire. 

Agar slant: Filiform, lemon yellow. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: Moist, yellow streak. 

Indole not formed. 

Nitrites are produced from nitrates. 

Acid from glucose, galactose and xylose. 

Pathogenic to white mice and guinea 
pigs. 

Aerobic, facultative. 

Optimum temperature 20’’C. 

Source: Isolated from a mold-like 
growth in a frog (Xenopus laevis). 

Habitat: Unknown. 

Appendix: Some of the following spe¬ 
cies were described before Gram and 
flagella stains had been perfected. 
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Henco it is impossible to identify them 
definitely as belonging in Flavchacterium. 
Comparative study is needed in some 
cases before other species listed here can 
be placed in their proper place in the 
genus. 

Flavobacterium acidificum Steinhaus. 
(Jour. Bact., 1941, 772.) From the 
intestine of the grasshopper {Cono- 
eephalus fasciatus De G.), the Colorado 
potato beetle (Leptinotarsa decemlineata 
Say), several unidentified lady beetle 
larvae, and the white cabbage butterfly 
(Pieris rapae L.). 

Flavobacterium antennifor me (Ravenel) 
Bergey et al. (Bacillus antenniformis 
Ravenel, Memoirs Nat. Acad. Sci., 
9, 1896. 25; Bacterium antenniformis 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., P, 1897, 91; Bergey et al., 
Manual, Ist ed., 1923, 104.) From 
soil. See Manual, 5th ed., 1939, 531 for a 
description of this organism. 

Flavobacterium aurantiacum (F'rank- 
land and Frankland) Bergey et al. 
(Bacillus aurantiacus G. and P. Frank¬ 
land, Zeitschr. f. Hyg., 6, 1889, 390; 
Bacterium aurantiacus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sla., 5, 1897, 
109; Bergey et al.. Manual, 1 st ed., 1923, 
107; Chromobacterium aurantiacum Top- 
ley and Wilson, Princ. Bact. and linmun., 
/, 1931,405.) From water. S<?e Manual, 
5th ed., 1939, 5143 for a description of this 
organism. 

Flavobacterium aurantiuum (Hammer) 
Bergey et al. ( Bacillus nurantinus Ham¬ 
mer, Research Bull. No. 20 , Iowa Kxp. 
Sta., 1915, 149; Bergey et al , Manual, 
Ist ed., 1923, 107.) From milk. See 
Manual, 5th ed., 1939, 541 for a descrip¬ 
tion of this organism. 

Flavobacteri urn a uresce ns (Rave nel) 
Bergey et al. (Bacillus aurescens Rave- 
iiel, Memoirs Nat. Acad. Sci., 8 , 1896, 
8 ; not Bacillus aurescens Frankland and 
Frankland, Philo. Trans. Roy. Soc. 
London, B, 1878, 271; Bacterium aures¬ 
cens Chester, Ann. Rept. Del. Col. Agr. 
Exp. Hta., 8 , 1897, 106; Bergey et al., 
MatiiiHl. Isi ed.. 1923, 103.) Fro«ii soil. 


Gibbons (Cbntrib. Canadian Biol, and 
Fish., 8 , No. 24, 1934 , 307) found this 
species in fillets of haddock (Melano- 
grammus aeglefinus). See Manual, 4th 
ed., 1934, 142 for a description of this 
organisih. 

Flavobacterium brunneum (Copeland) 
Bergey et al. (Bacillus hrunneus Cope¬ 
land. Rept. Filtration d^ommiseion, Pitts¬ 
burgh, 1899, 348; Bergey et al.. Manual, 
1 st ed., 1923, 112.) From water. See 
Manual, 5th ed., 1939, 541 for a descrip¬ 
tion of this organism. This may be 
Bacillus brunneus Schroeter, but not 
Bacillus brunneus Eisenberg. The latter 
forms spores. 

Flavobacterium buccalis (Chester) 
Bergey et al. (Bacillus g, Vignal, Arch, 
d. phys. norm, et path .7 S 6 r. 3, 8 , 1886, 
365; Bacillus buccalis minutus Sternberg, 
Manual of Bact., 1893, 643; Bacterium 
buccalis minutus Chester, Ann. Rept. 
Del. Col. Agr. Expt. Sta., 8 , 1897, 108; 
Bacterium vignali Migula, Syst. d. 
Bakt., 8 , 19(X), 443; Bacterium bucallis 
(sic) Chester, Man. Determ. Bact., 
1901, 167; not Bacterium buccale Migula, 
Syst. d. Bakt., 2, 1900, 445; Bacillus 
vignalis Nepveux, Th^se Fac. Pharm., 
Paris and Nancy, 1920,112; Bergey et al., 
Manual, Ist ed., 1923, 113.) From 
saliva. See Manual, 5 th ed., 1939 , 541 
for a description of this organism. 

Flavobacterium butyri Beigey et al. 
(Bacillus aromaticus butyri Severin, 
Cent. f. Bakt., II Abt., 7/, 1903, 264; 
Bergey et al., Manual, Isted., 1923,106.) 
From sour cream. Produces an agreeable 
odor. See Manual, 5th ed., 1939, 534 
for a description of this organism. 

Flavobacterium chlorum Steinhaus. 
(Jour. Bact., 48, 1941, 772.) From the 
intestine of the nine-spotted lady beetle 
(Coccinella novemnotata Habst.). 

Flavobacterium denitrificans (Lehmann 
and Neumann) Bergey et al. (Bacillus 
denitrificans /, Burri and Stutzer, Cent, 
f. Bakt., II Abt., /, 1896, 360; Bacterium 
denitrificans /, Chester, Ann. Rept. DeL 
Col. Agr. Exp. Sta., 9^ 1897, 77; Boc- 
ierium denitrificans Lehmann and Neu« 
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mann, Bakt. Diag., 2 Aufl., 2, 1899, 273; 
PBeudomonas stutzeri Migula, Syst. d. 
Bakt., 2y 1900, 929; Bacillus deniirificans 
Chester, Man. Determ. Bact., 1901, 224; 
Bergey et al., Manual, Ist ed., 1923,109; 
Chromobacterium deniirificans Topley 
and Wilson, Princ. Bact. and Immun., /, 
1931, 405.) From horse manure. See 
Manual, 5th ed., 1939, 534 for a descrip¬ 
tion of this organism. 

Flavobacterium desidiosum (Wright) 
Bergey et al. (Bacillus decidiosus (sic) 
Wright, Memoirs Nat. Acad. Sci., 7, 1895, 
443; not Bacillus desiduosus Molk^th, 
Soil Sci., /, 1916, 450; Bacterium desidio- 
sus and Bacterium decidiosus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., P, 
1897, 107 and 133; Flavobacterium decidu- 
osum Bergey et al., Manual, Ist ed., 1923, 
114.) From water. Giblwns (Contrih. 
Canadian Biol, and Fish., 8, No. 24,1934, 
308) found this species in fillets of had¬ 
dock (Melanogrammus aeglefinus). See 
Manual, 5th ed., 1939, 544 for a descrip¬ 
tion of this organism. 

Flabobacterium flavescens (Pohl) 
Bergey et al. (Bacillus flavescens Pohl, 
Cent. f. Bakt., //, 1892, 144; Bergey et 
al.. Manual, Ist ed., 1923, 107.) From 
water. See Manual, 5th ed., 1939, 
535 for a description of this organism. 

Flavobacterium flavum (Fuhrmann) 
Bergey et al. (Bacilltis flavus Fuhr¬ 
mann, Cent. f. Bakt., II Abt., 19^ 1907, 
117; Manual, 1st ed., 1923, 101.) From 
beer. See Manual, 4th ed., 1934, 141 
for a description of this organism. 

Flavobacterium gelatinnm Sanborn. 
(Jour. Bact., 19, 1930, 376.) From sea 
water. 

Flavobacterium halmephilum Elasari- 
Volcani. (Studies on the microHora of 
the Dead Sea, Thesis, Hebrew Univ., 
Jerusalem, 1940, VIII and 85.) From the 
Dead Sea. A yellow halophilic species. 

Flavobacterium halophilum Bergey et 
al. (Culture No. 30 of Baranik-Pikow- 
sky. Cent. f. Bakt., II Abt., 70, 1927, 
373; Bergey et al., Manual, 3rd ed., 1930, 
147.) From sea water. See Manual, 


5th ed., 1939, 540 for a description of this 
organism. 

Flavobacteri urn lac unatum (Wright) 
Bergey et al. (Bacillus lacunatus 
Wright, Memoirs' Nat. Acad. Sci., 7, 
1895, 435; Bacterium lacunatus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 110; Bergey et al., Manual, 1st ed., 
1923, 117.) From water. See Manual, 
5th ed., 1939, 552 for a description of this 
organism. 

Flavobacterium malzoonii (Chester) 
Bergey et al. (Species No. 46 of Conn, 
Storrs Agr. Exper. Sta., 7th Ann. 
liept. for 1894, 1895, 80; Bacillus maia^ 
zooni (sic) Chester, Man. Determ. 
Bact., 1901, 236; Bergey et al.. Manual, 
Ist ed., 1923, 107.) From matzoon, a 
fermented milk from Armenia. See Man¬ 
ual, 5th ed., 1939, 536 for a description 
of this organism. 

Flavobacterium ovale (Wright) Bergey 
et al. (Bacillus ovalis Wright, Memoirs 
Nat. Acad. Sci., 7, 1895, 435; Bacterium 
ovalis Chester, Ann. liept. Del. Col. 
Agr. Exp. Sta., P, 1897, 111; not Bac¬ 
terium ovale Migula, Syst. d. Bakt., P, 
1900, 458; Bergey et al., Manual, Ist ed., 
1923, 117.) From wafer. See Manual, 
5th ed., 1939, 551 for a description of this 
organism. 

Flavobacterium plicatum (Zimmer- 
mann) Bergey et al. (Bacillus plicaius 
Zimmermann, Bakt. unserer Trink- u. 
Nutzwasser. Chemnitz, i, 1890, 54; not 
Bacillus plicatus Frankland and Frank- 
land, Phil. Trans. Roy. Soc. lx)ndon, 178, 
B, 1887, 273; Bergey et al., Manual, Ist 
ed., 1923, 105.) From water. Gram¬ 
negative. Non-motile. See Manual, 5th 
ed., 1939, 532 for a description of this 
organism. See p. 684. 

Flavobacterium pruneaeum Sanborn. 
(Jour. Bact., 19, 1930, 376.) From sea 
water. 

Flavobacteri u m radial um (Zimmer¬ 
mann) Bergey et al. (Bacillus radiaius 
Zimmermann, Bakt. unserer Trink- 
u. Nutzwasser, Chemnitz, 1, 1890, 58 ; 
Bacillus radiatus aquatilis Frankland 
and Frankland, Microorg. in Watar^ 
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London, 1894,458; Bergey et al.. Manual, 
lat ed., 1923, 104.) From water. See 
Manual, 5th ed., 1939, 531 for a descrip¬ 
tion of this organism. Gram-variable. 
Slight motility of shorter rods. 

FUufcbaeterium schirokikhii (H. Jen¬ 
sen) Bergey et al. (Salpeter serstdren- 
den Bacillus, Schirokikh, Cent. f. Bakt., 
II Abt., F, 1896, 205; Bacterium echiro- 
kikhi H. Jensen, ibid,, J, 1898, 409; 
Baeillue denitrificans Chester, Man. 
Determ. Bact., 1901, 274; Bergey et al.. 
Manual, 1st ed., 1923,100). From horse 
manure. See Manual, 5th ed., 1939,527 
for a description of this organism. 

Flavobacterium etolanatum (Adametz 
and Wichmann) Bergey et al. {BaciUue 
eioloruUue Adametz and Wichmann, Mitt. 
Oest. Versuchsstat. f. Brauerei u. M&lz., 
Wien, Heft 1,1888,884; Bacterium stolon- 
atuB Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897,76; Bergey et al., Man¬ 
ual, 1st ed., 1923,106.) See Manual, 5th 
ed., 1939, 535 for a description of this 
oiganism. From water. 

Flavobacierium tremelloides (Tils) 
Bergey et al. {Bacillus tremelloides Tils, 
Ztschr. f. Hyg., 9, 1890, 292; Bacterium 
tremelloides Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897,105; Beigey 
et al., Manual, 1st ed., 1923,105.) From 
river water at Freiburg. Forms a yellow, 
slimy milk. See Manual, 5th ed., 1939, 
532 for a description of this organism. 


Flavobacterium (Halobacterium) maris^ 
mortui Elazari-Volcani. (Studies on the 
Microflora of the Dead Sea, Thesis, 
Hebrew Univ., Jerusalem, 1940, V and 
48.) From the Dead Sea. This species 
and Flavobacterium {Halobacterium) 
halobium and Flavobacterium {Halo¬ 
bacterium) trapanicum are placed in a 
new subgenus of Flavobacterium named 
Halobacterium. All produce red pig¬ 
ment. The flagellation of these species 
was not determined. They may be 
polar flagellate, see Pseudomonas salin- 
aria and P. cutirubra. 

Flavobacterium {Hcdobacterium) halo¬ 
bium (Fetter) Elazari-Volcani. (Mi¬ 
crobe du rouge de morue, Le Dantec, 
Compt. rend. Soc. Biol., Paris, 58, 1902, 
136; Bacillus halobius ruber Klebahn, 
Mitteil. a. d. Inst. f. allg. Bot. Hamburg, 
J, 1919, 47; Bacterium halobium Fetter, 
Over rood en andere bacterien van 
gesouten visch, Diss., Utrecht, 1932; 
Elazari-Volcani, Studies on the Micro¬ 
flora of the Dead Sea, Thesis, Hebrew 
Univ., Jerusalem, 1940, V and 59.) From 
reddened salted codfish. 

Flavobacterium {Halobacterium) tra¬ 
panicum (Fetter) Elazari-Volcani. {Bac¬ 
terium trapanicum Fetter, Over rood en 
andere bacterien van gezouten visch. 
Dies., Utrecht, 1932; Elazari-Volcani, 
Studies on the Microflora of the Dead 
Sea, Thesis, Hebrew Univ. Jerusalem, 
1940, V and 59.) From the Dead Sea. 
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FAMILY X. ENTEROBACTERIACEAE RAHN. 

(Cent. f. Bakt., II Abt., 96,1997, 280.) 

Gram-negative straight rods. Motile with peritrichous flagella, or non-motile. 
Grow well on artificial media. Ail species attack glucose forming acid, or acid and 
visible gas (Ht present). Characteristically nitrites are produced from nitrates 
(exceptions in Erwinia only). Antigenic composition is best described as a mosaic 
which results in serological interrelationships among the several genera, even extend.- 
ing to other families. Many animal parasites, and some plant parasites causing blights 
and soft rots. Frequently occur as saprophytes causing decomposition of plant mate¬ 
rials containing carbohydrates. 

Note: Early attempts to develop a satisfactory basis for the recognition of 
species among the coliform-dysentery-typhoid group of bacteria are reviewed by 
Winslow, Kligler and Rothberg (Jour. Bact., 4% 1919, 429). These were largely based 
on differences in motility, production of indole, ability to liquefy gelatin, and, more 
particularly, differences in the ability to ferment carbohydrates, especially such com- 
pounds as glucose, lactose, sucrose, dulcitol and salicin. The more recent attempts 
to express differences in species of coliform bacteria by means of the IMViC reac¬ 
tion are reviewed by Parr (Amer. Jour. Public Health, 96, 1936, 39; Bact. Rev., 
5, 1939, 1), this cryptic symbol indicating the indole test, methyl red acid deter¬ 
mination, acetylmethylcarbinol production (Voges-Proskauer reaction) and the util¬ 
ization of salts of citrip acid. Stuart, Griffin and Baker (Jour. Bact., 36, 1938, 391) 
and Griffin and Stuart (Jour. Bact., 40, 1940, 83) have applied these tests plus 
cellobiose fermentation to a study of a long series of cultures. 

Capsulated types of coliform bacteria are still placed in this edition of the 
Manual in a separate genus, Klebsiella, although there is some question about the 
separation of these from the species in Escherichia and Aerohacter, 

Meanwhile, the Kauffmann and White Antigenic Schema has been successfully 
applied to the recognition of serological groups and types among salmonellas and 
related organisms. The groupings recognized are outlined in the Salmonella Sub¬ 
committee Reports submitted to the 2nd and 3rd Congresses of Microbiology (Jour. 
Hyg., 34, 1934 , 333 and Proc,3rd Intemat. Cong, for Microbiology, 1940,832). The 
successful use of antigenic structure in this field has stimulated a study of the 
use of H and O antigens as a means of classifying the coliform group (Stuart, Baker, 
Zimmerman, Brown and Stone, Jour. Bact., 40, 1940,101) but this method of classi¬ 
fying the species of coliform bacteria has not proved particularly helpful as yet. 

During this same period there has been an increasing appreciation of the closeness 
of the relationship between certain common chromogenic bacteria {Serratia) and 
the coliform bacteria (Breed and Breed, Cent. f. Bakt., II Abt., 71, 1927, 435). 
Moreover, the close relationship between bacteria producing soft rots of living vege¬ 
table and other plant tissue (now included in Erwinia) and the coliform bacteria 
has become more evident in recent studies (Waldee, Iowa State Coll. Jour. Sci., 
19, 1945, 435). Many intermediate types are found in rotting vegetable materials, 
these rotting types having the ability to attack protopectin (Burkey, Iowa State 
Coll. Jour Sci., 3, 1928, 57) but not to cause soft roU of living plant tissue. 

Borman, Stuart and Wheeler (Jour. Bact., |8,1944,851) have prop^d a rearrange¬ 
ment of the species in the family EnUrobactsriaceae which combines many forms 
that have previously been regarded as separate species, or even as belonging in sepa¬ 
rate genera. Only the future can determine which of all of these views best expresses 
the relationships of the bacteria belonging in the Family BnUrobacUnaceae.-^Th^ 
Ediiore. 
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Key to the tribes of family Enterobacteriaceae. 

I. Ferment lactose with the formation of acid and visible gas within 24 hours at 
37^0 or within 48 hours at 25^ to 30^0. Some transitional forms produce acid 
and gas from lactose slowly. 

Tribe I. Eschericheae, p. 444. 

II. Plant parasites. Ferment lactose with formation of acid, or acid and visible gas. 
Usually attack middle lamellar substance in plant tissues, causing soft rots. 

Tribe II. Erwineae, p. 463. 

III. Ordinarily chromogenic producing a pink, red or orange-red pigment. Occa¬ 

sionally non-pigmented. Ferment glucose and lactose with formation of 
acid, or acid and visible gas. 

Tribe III. Serrateaef p. 479. 

IV. Lactose not fermented within 30 days either at 37®C or at 26® to 30®C. Urea 

decomposed within 48 hours. 

•Tribe IV. ProteaSy p. 486. 

V. Lactose rarely fermented within 30 days either at 37®C or at 25® to 30®C. Urea 
not decomposed within 48 hours. 

Tribe V. SalmoneUeae, p. 492. 

TRIBE 1. ESCHERICHEAE BERGEY, BREED AND MURRAY. 

(Preprint, Manual, 5th ed., October, 1938, vi.) 

Ferment glucose and lactose with the formation of acid and visible gas within 24 
hours at 37®C, or within 48 hours at 25® to 30®C. Some forms produce acid and gas 
from lactose slowly (occasionally not at all). Do not liquefy gelatin except slowly in 
Aerobacter cloacae. 


Key to the genera of tribe Eschericheae.® 

I. Acetylmethylcarbinol not produced. Methyl red test positive. Salts of citric 
acid may or may not be used as a sole source of carbon. 

Genus I. Escherichia, p. 444. 

II. Acetylmethylcarbinol produced. Methyl red test negative. Salts of citric 
acid used as sole source of carbon. 

Genus II. Aerobacter, p. 453. 

III. Acetylmethylcarbinol may or may hot be produced. Methyl red test variable. 
Salts of citric acid may or may not be used as sole source of carbon. Gas not 
as abundant as in previous genera. Capsulated forms from respiratory, intes¬ 
tinal and genito-urinary regions. 

Genus III. Klebsiella, p. 457. 

Genus /. Escherichia Castellani and Chalmers^. 

(Castellani and Chalmers, Manual Trop. Med., 3rd ed., 1919, 941; Colibacterium 
Orla-Jensen, Jour. Bact., 6, 1921, 272; Colobactrum (in part) Borman, Stuart and 

® Levine (Jour. Bact., /, 1916, 153) was the first to show the inverse correlation be¬ 
tween the methyl red and Voges-Proskauer tests and used these characters for the 
primary separation of the Escherichia coli section and the Aerobacter aerogenes section 
(Amer. Jour. Public Health, 7, 1917, 784). 

t Completely revised by Prof. M. W. Yale, New York State Experiment Station, 
Geneva, New York, Nov., 1938; further revisbn, July, 1943. 
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Wheeler, Jour. Bact., 4^, 1944, 357.) Named for Theodor Escherich, who firat iao* 
laterl the type species. 

Short rods fermenting glucose and lactose with acid and gas production. Acetyl* 
methylcarbinol is not produced. Methyl red test positive. Carbon dioxide and 
hydrogen produced in approximately equal volumes from glucose. Generally not 
able to utilize uric acid as a sole source of nitrogen. Found in feces and is occasionalljr 
pathogenic to man (colitis, cystitis, etc.). It is, however, also widely distributed in 
nature. 

The type sjwcies is Escherichia coli (Migula) Castellani and Chalmers. 

Key to the species of genus Escherichia. 

I. C'itric acid and salts of citric acid not utilized as sole source of carbon. 

A. Hydn)gcii sullide not produced. 

1. Escherichia coli, 

II. Citric acid and salts of citric acid utilized as sole source of carbon. 


Hydrogen sulfide produced. 

B. IIydrt)gen sulhde not produced. 


1. Escherichia coll (Migula) ('astellani 
and (-^halmcrs. (Bacterium coli com- 
mune Kschcrich, Die Darinl)aktenon dcs 
Ncugcborcncn und S&ugliiigs, 1885; Ba¬ 
cillus escherichii Trevisan, I gencri e le 
spt'cic dclle Batteriacce, 1889,15; Bacillus 
coli communis Sternberg, Manual of 
Bacteriology, 18!)3, 439; Bacillus coli 
Migula, in Kngler and Prantl, Natiir- 
lichen Pllanzcnfam., /, la, 1895 , 27; 
Bacterium coli Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., IStX), 221; Bacillus 
coli verus Durham, Jour. Exp, Med., 5, 
1900, 371; Bacillus coli communis verus 
Durham, tbtd., 353; Aerobacter coli 
Beijerinck, C'Jent. f. Bakt., II .\bt., 5, 
1900,193; Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 941; Bacillus 
coli-communis Winslow, Kliglcr and 
lb)thberg, Jour. Bact., 4» 1919, 483; 
Bacterium coli-communis Holland, Jour. 
Bact., 5, 1920, 217; Colobactrum coli 
Borman, Stuart and Wheeler, Jour. Bact., 
45, 1944 , 358.) From Latin colon, the 
large intestine. 

Note: Weldin (Iowa State Jour. Sci., 
/, 1927, 121) considers the following 
identical with the above: Bacillus cavi- 
cida FlUgge, Die Mikroorganisinen, 1886, 
268 or more probably Brieger, Berlin. 


2. Escherichia freundii, 

3. Escherichia intermedium. 

klin. Wochnschr., 1884, No. 14; Bacillus 
C, B(x>ker, Trans. Ninth Internat. Med. 
Congress, 5, 1887 , 598; Bacillus schafferi 
von Freudenreich, I^andw. Jahrb. d. 
Schweiz, 4* 1890, 17; Bacterium eavicida 
Chester, .Vnn. liept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 130; Bacterium schafferi 
Chester, ibid., 74; Bacillus mustelae 
scpticus Matzuschita, Bakt. Diag., 1902; 
Bacillus communis Jackson, Jour. Inf. 
Dis , S, 1911, 241; not Bacillus communis 
Migula, Syst. d. Bakt . t, 1900, 725; 
Escherichia cavicida Castellani and Chal* 
mers. Manual of Trop. Med., 3rd ed., 
1919, 942; Escherichia schaefferi Bergey 
et al.. Manual, 1st ed., 1923, 1%. 

Oesterle (Cent. f. Bakt., I Abt., Orig., 
/54> 1935, 115) has described a yellow 
strain Bacterium coliflavum, Parr (Proc. 
Soc. Exp. Biol, and Med., 35,1937,563) a 
golden-brown strain Bacterium aurescene 
(not Bacterium aurcscens Migula, Syst. 
d. Bakt., 3,1900,466),andTittsler (Jour. 
Bact., S3, 1937, 450) reddisli-orange 
strains which are regarded as pigmentod 
variants of Escherichia coli. 

Rods: Usually 0.5 by 1.0 to 3.0 microns, 
varying from almost coccoid forms to long 
rods, occurring singly, in pairs and short 
chains Motile or non-motile. Motile 
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atndns have peritrichous flagella. Not 
usually capsulated. Non^spore-forming. 
Gram-negative. 

Gelatin colonies: Opaque, moist, gray¬ 
ish-white, entire. 

Gelatin stab: Grayish-white, spread¬ 
ing, undulate. No liquefaction. 

Agar colonies: Usually white, some¬ 
times yellowish-white, rarely yellow, 
yellow-brow'n, golden-brown, reddish- 
orange or red; entire to undulate, moist, 
homogeneous. Atypical forms occur fre¬ 
quently. 

Agar slant: Usually white, sometimes 
yellowish-white, rarely yellow, yellow- 
brown, golden-brown, reddish-orange or 
red growth; moist, glistening, spreading. 

Broth: Turbid, with heavy grayish 
sediment. No pellicle. 

Litmus milk: Rapid acid formation 
with development of gas, usually coagula¬ 
tion, curd may or may not be broken up, 
no peptonization of the curd. Litmus 
may or may not be reduced. 

Potato: Abundant, grayish to yellow¬ 
ish-brown, spreading. 

Indole usually formed. 

Nitrites produced from nitrates. 

Blood agar plates: Different strains 
vary widely in their action, some being 
hemolytic (Buchgraber and Hilkd, Cent, 
f. Bakt., I Abt., Grig., 155, 1935, m). 

Heat resistance: Usually destroyed in 
30 minutes at 60^0, but certain heat- 
resistant strains may withstand this 
exposure (Ayers and Johnson, Jour. Agr. 
Res., 5, 1914, 401; Stark and Patterson, 
Jour. Dairy ^i., IP, 1936, 495). 

Antigenic structure: An antigenically 
heterogeneous species. 

' Methyl red test positive (Clark and 
Lubs, Jour. Inf. Dis., 17, 1915, 160); 
Voge^s-Proskauer test negative (Durham, 
Jour. Exp. Med., 5, 1901, 373); inverse 
correlation between methyl red and 
Voges-Proskauer tests (Levine, Jour. 
Bact., 1, 1916, 153). 

Citric acid and salts of citric acid not 
utilised as sole source of carbon (Koser, 
Jour. Bact., 5, 1928, 493). 

Uric acid not utilised as sole source of 


nitrogen (Koser, Jour. Inf. Dis., 55,1918, 
377); uracil utilized as sole source of 
nitrogen (Mitchell and Levine, Jour. 
Bact., 55, 1938, 19). 

Gas ratio: Approximately equal vol¬ 
umes of carbon dioxide and hydrogen, 
ratio 1:1, produced from glucose (Harden 
and Walpole, Proc. Roy. Soc., Ser. B, 77, 
1905, 399; Rogers, Clark and Davis, Jour. 
Inf. Dis., 1914,411). 

Catalase produced. 

No HsS produced in peptone iron agar 
(Levine, Epstein and Vaughn, Amer. 
Jour. Public Health, £4, 1934, 505; Titts- 
ler and Sandholzer, Amer. Jour. Public 
Health, 57, 1937, 1240). More sensitive 
indicators give positive tests for HjS 
(Hunter and Weiss, Jour. Bact., 55,1938, 
20 ). 

Trimethyleneglycol not produced from 
glycerol by anaerobic fermentation 
(Braak, Onderzoekingen over Vergisting 
van Glycerine, Thesis, Delft, 1928, 166; 
Werkman and Gillen , Jour. Bact., 55, 
1932, 167). 

Acid and gas from glucose, fructose, 
galactose, lactose, maltose, arabinose, 
xylose, rhamnose and mannitol. Sucrose, 
raffinose, salicin, esculin, dulcitoi and 
glycerol may or may not be fermented. 
Variable fermentation of sucrose and 
salicin (Sherman and Wing, Jour. Bact., 
55, 1937, 315; Tregoning and Poe, Jour. 
Bact., 94, 1937, 473). Inulin, pectin and 
adonitol rarely fermented. Dextrin, 
starch, glycogen and inositol not fer¬ 
mented. d^llobiose (Jones and Wise, 
Jour. Bact., if, 1926, 359) and a-methyl- 
glucoside (Koser and Saunders, Jour. 
Bact., £4y 1932, 267) not fermented. 
Certain strains produce variants which 
ferment lactose slowly or not at all (Ren- 
nebaum, Jour. Bact., SO, 1935, 625). 
Some strains of slow-lactose-fermenters 
appear to be intermediate between the 
coliform and paratyphoid groups (Sandi- 
ford. Jour. Path, and Bact., Jf, 1935, 
77). See Twort (Proc. Royal ^c. Lon¬ 
don, 79, 1907, 329) for utilization of 
unusual glucosides; Dozois et al. (Jour. 
Bact., 90, 1936, 189 and 55, 1936, 499) 
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for utilization of certain sugar alcohols 
and their anhydrides; Poe and Klemme 
(Jour. Biol. Chem., 109, 1935, 43) for 
utilization of rare sugars. See Winslow, 
Kligler and Rothberg (Jour. Bact., 
1919,429) for review of literature relative 
to classification. 

Fecal odor produced. 

Aerobic, facultative. 

Growth requirements: Good growth 
on ordinary laboratory media. Optimum 
growth temperature 30® to 37®C. Growth 
takes place at 10®C and at 45®C. Gas 
produced from glucose at 45® to 46®C. 
Eijkmann test positive (Eijkmann, Cent, 
f. Bakt., I Abt., Orig., 57, 1904, 74; 
Perry and Hajna, Jour. Bact., 55, 1933, 
419). 

Source: From feces of infants. 

Habitat: Normal inhabitant of the 
intestine of man and all vertebrates. 
Widely distributed in nature. Fre¬ 
quently causes infections of the genito¬ 
urinary tract. Invades the circulation 
in agonal stages of diseases. 

la. Escherichia coli var. acidilaciici 
(Topley and Wilson) Yale. 

(Milchsaurebacterium, Hueppe, Mit. 
d. kais. Gesund., 5, 1884 , 340; Bacillus 
acidi lactici Zopf, Die Spaltpilze, 1885, 
87; not Bacterium acidi lactici Zopf, 
Die Spaltpilze, 1884, 60; Bacillus acidi 
lactici I and 11 Grotenfclt, Fortschr. d. 
Med., 7, 1889, 121; possibly also Bac¬ 
terium acidi lactici I and II Grotenfelt, 
ibid,, 123; Bacterium acidi lactici Migula, 
in Englerand Prantl, Nattirlichen Pflan- 
zenfamilien, 1, la, 1895, 25; not Bac¬ 
terium acidi lactici Kruse, in FlOgge, 
Die Mikroorganismen, 3 Aufl., 5, 1896, 
367; not Bacterium B, Peters, Bot. Zei- 
tung, 47 1 1889, 422); possibly Bacterium 
Qrotenfeldtii Migula, Syst. d. Bakt., 5, 
1900, 408, a synonym of Bacterium acidi 
lactici I Grotenfelt; Bacillus acidi- 
lactici Jackson, Jour. Inf. Dis., S, 1911, 
241; possibly Bacillus laciicue Mac4, 
Traitd pratique de bact., 1913, 452; not 
BaeMus lacticus Kruse, in FlOgge, Die 
Mikrooiganismen, f, 1896,356; Bacterium 


duodenale Ford, Studies from Victoria 
Hospital, Montreal, 1, 1903,17 (according 
to Perkins, Jour. Inf. Dis., 57,1925,247); 
Encapsvlaius acidi lactici Castellan! and 
Chalmers, Manual of Trop. Med., 1919, 
934; Bacillus lactici-acidi Holland, Jour. 
Bact., 6, 1920, 218; Bacterium acidi- 
lactici Holland, ibid.\ {Encapsulata) 
Bacillus duodenale Perkins, Jour. Inf. 
Dis., 57, 1925, 247; Escherichia acidi- 
lactici Bergey et al., Manual, 1st ed., 
1923, 199; Bacterium coli var. acidi 
lactici Topley and Wilson, Princip. Bact. 
and Immun., 1, 1931, 446; Yale, in 
Manual, 5th ed., 1939,393.) 

Identification: Includes strains of 
Escherichia coli which do not attack 
either sucrose or salicin. It is generally 
thought that Hueppe's cultures were 
contaminated with a spore-former. 

Source: From milk. 

lb. Escherichia coli var. neapolitana 
(Topley and Wilson) Yale. (Neapeler 
Bacterien, Emmerich, Deut. med. 
Wchnschr., 10, 1884,299; Bacillus neapol- 
itanus FlUgge, Die Mikroorganismen, 1886, 
270; Bacterium neapolitanus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 138; Escherichia neapolitana Castel- 
lani and Chalmers,Man Trop. Med., 3rd 
ed., 1919, 942; Bacterium coli var. nea- 
politanum Topley and Wilson, Princip. 
Bact. and Immun., 1, 1931, 446; Yale, in 
Manual, 5th ed., 1939, 393.) 

Identification: Includes strains of 
Escherichia coli which ferment sucrose 
and salicin. 

Source: From cholera patients or cad¬ 
avers, originally thought to be the cause 
of cholera. 

l c. Escherichia coli var. communior 
(Topley and Wilson) Yale. {Bacillus 
coli communior Durham, Jour. Exp. Med., 
5, 1900, 353; BadUxAS communior Ford. 
Studies from Victoria Hosp., Montreal, 
/, 1903, 17; Bacterium communior Jack- 
son, Jour. Inf. Dis., 8, 1911,241; Bacillus 
eoli-communior Holland, Jour. Bact., 5, 
1920, 217; Bacterium eoli-communior 
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Holland, idem; Escherichia communior 
Bergcy et al., Manual, Ist ed., 1923, 200; 
Bacterium ccli var. communior Topley 
and Wilson, Princip. Bact. and Immun., 
1, 1931, 446; Yale, in Manual, 5th ed., 
1939,393.) 

Yale (Cornell Vet., 1933, 306) re¬ 
gards Bacterium aetheniae Dawson (15th 
Ann. Rpt., Bur. Anim. Ind., U.S.D.A., 
1898, 329; Bacillus asthenias Winslow, 
Kligler and Rothberg, Jour. Bact., 
1919, 487; Escherichia astheniae Bergey 
et al., h^ual, 1st ed., 1923, 205) as a 
synonym of Escherichia communior. 

Identification: Includes strains of 
Escherichia coli which ferment sucrose 
but not salicin. Levine (Iowa Eng. Exp. 
Sta. Bui. 62,1921, 38) recognizes a strain 
which ferments salicin. 

2. Bscherichla freundll (Braak) Yale. 
(Bacterium freundii Braak, Onderzoekin- 
gen over vergisting van glycerine. 
Thesis, Delft, 1928, 140; Citrohacter 
freundii Werkman and Gillen, Jour. 
Bact., F5,1932,176; Yale, in Manual, 5th 
ed., 1939, 394; Colobactrum freundii 
Borman, Stuart and Wheeler, Jour. 
Bact., 4S, 1944, 358.) Named for A. 
Freund, who first observed that tri- 
methyleneglyool was a product of fer¬ 
mentation (1881). 

Minkewitsch (Ztschr. f. Hyg., Ill, 
1930, 180) proposed the name Bacterium 
coli eitrovorum for the intermediates but 
this name is not acceptable since it is a 
trinomial. 

Werkman and Gillen (Jour. Bact., F5, 
1932, 177) emended the description of 
Bacterium freundii, and created the genus 
Citrdbaeter. The following species re¬ 
named by Werkman and Gillen are 
regarded as identical with Escherichia 
freundii: Citrohacter album, Citrohacter 
deeolarans, Citrohacter diversum and 
Citrohacter anindolicum. 

Tittder and Sandholzer (Jour. Bact., 
t9, 1936, 349) and Carpenter and Fulton 
(Amer. Jour. Pub. Health, F7,1937,822) 
suggest that the intermediates which 


give a positive methyl red and a negative 
Voges-Proskauer test be allocated to the 
genus Escherichia. Other strains are 
apparently more nearly related to the 
genus Aerobacter than to the genus 
Escherichia since they produce acetyl- 
methylcarbinol. Barritt (Jour. Path, 
and Bact., 1936,441; if, 1937,679) has 
shown that some of the intermediates 
form traces of acetylmethylcarbinol 
which can be detected by the a-naphthol 
test, but not by the standard Voges- 
Proskauer test as described in the Manual 
of Methods for the Pure Culture Study of 
Bacteria (Soc. Amer. Bact., 1937, 17). 

Rods: Short rods with rounded ends, 
occurring singly, in pairs and short 
chains. Motile or non-motile. Gram¬ 
negative. 

Gelatin stab: Liquefaction by 4 out of 
15 cultures (Werkman and Gillen, Jour. 
Bact., iS, 1932,177). No liquefaction by 
any strains (Tittsler and Sandholzer, 
Jour. Bact., 1935, 353; Carpenter and 
Fulton, Amer. Jour. Pub. Health, F7, 
1937,822). 

Agar slant: Smooth, gray, shining, 
filiform and butyrous growth. 

Litmus milk: Acid in 2 days; coagula¬ 
tion may or may not take place; no pep¬ 
tonization. 

Potato: Abundant, yellowish-white 
growth. 

Indole nmy or may not be formed 
(Werkman and Gillen, loc. cit .; Tittsler 
and Sandholzer, loc. cit.). 

Nitrites produced from nitrates. 

Methyl red test positive. Voges- 
Proskauer test negative (Koser, Jour. 
Bact., 9, 1924, 59). Some strains give a 
positive methyl red and a positive Voges- 
Proskauer test (Parr, Jour. Bact., S6, 
1938, 1). 

Citric acid utilized as sole source of 
carbon; uric acid not utilized as the sole 
source of nitrogen (Koser, loc. cit.; Werk¬ 
man and Gillen, loc. cit., 167). 

Catalase produced. 

Hydrogen sulfide produced in proteose 
peptone, ferric citrate agar ^Levine, 
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Epstein and Vaughn, Amer. Jour. Pub. 
Health, F4,1934, 305; Tittsler and Sand- 
hoizer, Amer. Jour. Pub. Health, f7, 
1937, 1240). 

Trimethyleneglycol produced from 
glycerol by anaerobic fermentation 
(Braak, loc, cit., 146; Werkman and 
Gillen, loe. cit.f 167). 

Acid and gas from glucose, fructose, 
galactose, arabinose, xylose, raffinose, 
lactose, maltose, mannose, rhamnose, 
trehalose, glycerol, mannitol and sorbitol. 
Sucrose, salicin, dulcitol, adonitol and 
inositol nmy or may not be fermented. 
Cellobiose usually fermented while a- 
methyKglucoside may or may not be 
fermented (Tittsler and Sandholzer, loc. 
cit.; Carpenter and Fulton, loc. cit.). 
No acid or gas from amygdalin, dextrin, 
erythritol, glycogen, inulin or melezitose. 

Aerobic, facultative. 

Growth requirements: Good growth on 
ordinary laboratory media. Optimum 
growth temperature 30® to 37®C. Gas 
not produced in Eijkman test when car¬ 
ried out at 45® to 46®C (I.evine, Epstein 
and Vaughn, loc. cit.). No gas at 44®C 
(Wilson, Med. Res. Council, Ixmdon, 
Special Rept. Ser. 206, 1935, 165). 

Habitat: Normally found in soil and 
water and to a varying degree in the 
intestinal canal of man and aninmls. 
Widely distributed in nature. 

3. Escherichia intermedium (Werkman 
and Gillen) Vaughn and I.ievine. {Citro- 
bacier intermedium Werkman and Gillen, 
Jour. Bact., f5, 1932, 178; Vaughn and 
I.ievine, Jour. Bact., 1942, 498.) 

Citrobacter glycologenes Werkman and 
Gillen (loc. cit.) is also regarded as a 
synonym of Escherichia interjnedium. 
V’^aughn and Levine (loc. cit.) give a 
new description of Escherichia inter¬ 
medium based on a study of 27 cultures. 

Rods: Short rods with rounded ends. 
Occurring singly, in pairs and short cliains 
in young nutrient agar or broth cultures. 
Actively motile with peritrichous fiagella 
or non-motile. Gram-negative. 


Gelatin stab: No liquefaction after 60 
days at 20®C. 

Agar slant: Smooth to wrinkled surface, 
grayish-white, abundant, raised and 
butyrous growth. 

Nutrient broth: Turbid with slight 
ring at surface. 

Litmus milk: Acid, sometimes coagula¬ 
tion and reduction, no proteolysis. 

Potato: Growth abundant, white to 
ivory color. 

I.<evine*8 eosine-methylene blue agar: 
Well-isolated colonies vary from 1 to 4 
mm in size. No confluence of neighbor¬ 
ing colonies. Colonies are slightly to 
moderately raised with surfaces varying 
from flat to convex and usually smooth 
and glistening but sometimes dull, rough 
and granular. 

By transmitted light two types of 
colonies have been observed: (1) Colonies 
having almost the same appearance 
throughout but with a distinctly lighter 
center, the color being similar to the 
medium. (2) Colonies having a dark 
brownish central area which diffuses out 
to a lighter margin. 

By reflected light three types of col¬ 
onies have been observed: (1) Dark, 
button-like, concentrically ringed col¬ 
onies possessing a strong, greenish- 
metallic sheen so characteristic for 
Escherichia coli. (2) Colonies with 
dark, purplish, wine-colored centers 
surrounded by a light pink zone. Some 
colonics are concentrically ringed. (3) 
Pink colonics with no suggestion of sheen 
but sometimes concentrically ringed. 

Indole may or may not be formed. 

Nitrites produced from nitrates. 

Fermentation of glucose: The end prod¬ 
ucts characteristic for the genus Escheri- 
chia are formed. Carbon dioxide and 
hydrogen gases are formed in approxi¬ 
mately equimolar proportions (gas ratio 
1:1) besides significant quantities of 
ethyl alcohol, and acetic, lactic and 
succinic acids with only traces of formic 
acid. Acetylmethylcarbinol and 2-8 
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butylene glycol have not been found 
(Voges-Proskauer test negative). 

Salts of citric acid are utilized as a sole 
source of carbon. 

Catalase produced. 

Hydrogen sulfide not detected in 
proteose peptone ferric-citrate agar. 

Acid or acid and gas produced from 
xylose, arabinose, rhamnose, glucose, 
fructose, mannose, galactose, lactose, 
maltose, trehalose and mannitol. No 
acid or gas from melezitose, amygdalin 
and erythritol. Sucrose, raffinose, cel* 
lobiose, or-methyl-glucoside, adonitol, 
dulcitol, glycerd, inositol, sorbitol, 
starch, aesculin, salicin and sodium 
malonate may or may not be fermented. 

Aerobic, facultative. 

Temperature requirements: Growth 
at 10®C and at 45® to 46®C. Optimum 
growth temperature 30® to 37®C. Gas 
not produced in Eijkman tests, although 
some cultures show growth at 45® to 46®C. 

Salt tolerance: Most cultures ferment 
glucose in the presence of sodium chloride 
in a concentration of 6.0 to 7.0 per cent. 
A few cultures tolerate 8.0 per cent 
sodium chloride. 

pH range: Optimum about pH 7.0. 
Growth occurs at pH 5.0 to pH 8.0. 

Habitat: Normally found to a varying 
degree in soil, water and in the intestinal 
canal of man and animals. Widely dis¬ 
tributed in nature. 

Appendix: The following described 
species have been placed in Escherichia 
or may belong here: 

Bacillus alcaUscens Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, 1, (6), 1903, 37; also see Jour. 
Med. Res., 6, 1901, 211; not Bacillus 
alkdlescens Andrews, Lancet, IH, 1918, 
560; Escherichia alcalescens Bergey et al.. 
Manual, Ist ed., 1923,202.) From feces. 

BaciUus asiaiicus Castellani. (Cas- 
tellani, Cent. f. Bakt., 1 Abt., Orig., 65, 
1912, ^2; not Bacillus asiaiicus Sak- 
haroff, Ann. Inst. Past., 8, 1803, 550; 
SalffumsUa asiaUeus Gsstella^ and Chal* 


mers. Manual of Trop. Med., 3rd ed., 
1919,940; Proteus asiaiicus Bergey et al., 
Manual, 1st ed., 1923, 211; Bacterium 
asiaticum Weldin and Levine, Abst. 
Bact., 7, 1923, 13.) From feces. Fer¬ 
ments lactose slowly or not at all. 

Bacillus asiaiicus mobilis Castellani. 
(Val6ric 21, Boycott, Jour. Hyg., 6,1906, 
33; Castellani, Ann. di Med., Nav. e 
Colon., 77,1916, 453 \ Salmonella asiaiicus 
mobilis Castellani and Chalmers, Manual 
of Trop. Med., 3rd ed., 1919, 940; Bac¬ 
terium valeriei Weldin and Levine, Abst. 
Bact., 7,1023,13; Proteus valeriei Bergey 
et al.. Manual, 1st ed., 1923, 211.) From 
feces. A motile variety which Alves 
(Jour. Path, and Bgct., U, 1937, 485) 
found to be identical with Bacillus 
asiaiicus, 

BaciUus chylogenes Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, 7, (5), 1003, 62; also see Jour. 
Med. Res., 6, 1901, 219.) From feces. 

Bacillus coli immohilis Kruse. (Kruse, 
in FlOgge, Die Mikroorganismen, 3 Aufi., 
6, 1896, 339; Bacterium coli immobilis 
Chester, Del. Agr. Exp. Sta., 9th Ann. 
Rept., 1897, 128; Enteroides enteriew 
Castellani, Jour. Hyg., 7,1007,1; Bacillus 
schafferi MacConkey, Jour. Hyg., 6,1909, 
86; not Bacillus schafferi von Freuden- 
reich, Landwirtschl. Jahrb. den Schweiz, 
4, 1890, 17; Bacillus entericus Castellani 
and Chalmers, Manual of Trop. Med., 
1st ed., 1910, 990; not Bacillus entericus 
Ford, Studies from Royal Victoria Hosp., 
Montreal, 7, (5), 1903, 40; Escherichia 
schaefferi Bergey et al.. Manual, 1st ed., 
1923, 196; Bacterium coli var. immobilis 
Winslow et al.. Jour. Bact., 1919, 486; 
Bacterium schafferi Weldin and LeVine, 
Abst. Bact., 7, 1923, 13; not Bacterium 
schafferi Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., P, 1897, 74; Escherichia 
enterica Weldin, Iowa State Coll. Jour. 
Sci., /, 1927, 134.) From feces. These 
were all described as non-motile variants 
of Escherischia coli (see Weldin, loc, 
di.), 

BaciUus coli mutabilis Neisser. 
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(Neisser, Cent. f. Bakt., I Abt., Ref. 
(Supp.), S8, 1906, 98; B<ieieriuin coli 
mutaifile Massini, Arch. f. Hyg., 61, 1907, 
250; Escherichia coli mutabilis Castellani 
and Chalmers, Man. Trop. Med., ‘3rd 
ed., 1919, 943; Escherichia coli-mutabile 
Deere et al., Jour. Bact., SI, 1936, 626.) 
From feces. An unstable variant closely 
related to Escherichia coli! characterized 
by irregular lactose fermentation. When 
cultured on lactose indicator agar, it 
appears not to ferment lactose. After 
some days, lactose-fermenting papillae 
appear growing on or out of the original 
colonies. Subcultures from these sec¬ 
ondary colonies give typical lactose 
fermentation but subculture from the 
primary colony, avoiding contact with the 
papillae, gives delayed fermentation of 
lactose and when again plated will pro¬ 
duce non-fermenting colonies on which 
fermenting papillae later appear. 

Bacillus gastricus Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, 1, (5), 1903, 68; also see Jour. 
Med. Res., 6, 1901, 213; Escherichia 
gasirica Bergey et al.. Manual, Ist ed., 
1923, 203.) From feces. 

Bacillus gruenthali Morgan. (Das 
gruenthaler Bacterium, Fischer, Ztschr. f. 
Hyg., S9, 1902, 447; Morgan, Brit. Med. 
Jour., 1, 1905,1257; Bacillus acidi lactici 
var. gruenthali Levine, Jour. Bact., S, 
1918, 270; Bacterium acidilactici var. 
gruenthali Winslow, Kligler and Roth- 
berg. Jour. Bact., 1919,486; Escherichia 
gruenthali Castellani and Chalmers, 
Manual of Trop. Med., 1919, 942; Bac¬ 
terium gruenthali Weldin and Levine, 
Abst. Bact., S, 1923, 13.) From feces. 

Bacillus iliacus Ford. (Ford, Studies 
from the Royal Victoria Hosp., Montreal, 
/, (5), 1903,61; also see Jour. Med. Res., 
6, 1901, 213; Escherichia iliacus Bergey 
et al.. Manual, 1st ed., 1923,203; Proteus 
iliacus Bergey et al.. Manual, 4th ed., 
1934, 363.) From feces. 

Bacillus infrequens Ford. (Ford, 
Studies from the Royal Victoria Hosp., 


Montreal, 1, (6), 1903, 42; also see Jour. 
Med. Res., 6, 1901, 219.) From feces. 

Bacillus jejunales Ford. (Ford, Stud¬ 
ies from the Royal Victoria Hosp., Mon¬ 
treal, 1, (6), 1903, '66; also see Jour. Med. 
Res., 6, 1901, 219.) From feces. 

Bacillus leporis Migula. {Bacillus' 
leporis Uthalis Sternberg, Manual of 
Bacteriology, 1893,463; Bacterium leporis 
lethalis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 97; Migula, Syst. 
Bakt., f, 1900, 651; Eherthella leporis 
Bergey et al.. Manual, 1st ed., 1923, 229; 
Escherichia leporis Bergey et al.. Manual, 
2nd ed., 1925, 221.) From feces. 

Bacillus para-gruenthali Castellani. 
(Castellani, 1914, quoted from Castellani 
and Chalmers, Ann. Past. Inst., S4, 
1920, 614; Escherichia paragruenthali 
Castellani and Chalmers, Manual of 
Trop. Med., 3rd ed., 1919,942; Bacterium 
coli var. paragruenthali Weldin and 
Levine, Abst. Bact., 5, 1923, 13.) From 
feces. Weldin and Levine (Iowa State 
Coll. Jour. Sci., 1, 1926, 132) regard this 
species as identical with BaciUus 
gruenthali Morgan. 

Bacillus plebeius Ford. (Ford, Stud¬ 
ies from the Royal Victoria Hosp., Mon¬ 
treal, 1, (6), 1903, 41; also see Jour. Med. 
Res., 6, 1901, 213; Escherichia plebeia 
Bergey et al.. Manual, 1st ed., 1923,203.) 
From feces. 

Bacillus subalcalescens Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, 1, (5), 1903, 37; also see Jour. 
Med. Res., 6, 1901, 217.) From feces. 

Bacillus subgastricTis Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, 1, (5), 1903, 58; also see Jour. 
Med. Res., 6, 1901, 219.) From feces. 

Bacillus vekanda Castellani. (Gastel- 
lani. Jour. Trop. Med. and Hyg., 60, 
1917, 181; Enteroides vekanda Castellani 
and Chalmers, Manual of Trop. Med., 
3rd ed., 1919, 941; Bacterium vekanda 
Weldin and Levine, Abst. Bact., 7,1928, 
13; Escherichia vekanda Bergey et al., 
Manual, Ist ed., 1923,197.) From feces. 

Bacillus vesievliformans Henrici. 
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(Henrici, Arb. Bakt. Inst. Hochsch. 
Karlsruhe, i, 1894,25; Escherichia vesicu- 
liformans Bergey et al.. Manual, 2nd ed., 
1925, 222.) From cheese. 

Bacterium chymogenes Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1993, 53; also see Jour. 
Med. Res., 1901, 219.) From feces. 

Bacterium coli alcaligenes Chiari and 
Loffler. (Cent. f. Bakt., I Abt., Orig., 
96f 1925, 95.) From feces. 

Bacterium coli anindolicum Lembke. 
(Lembke, Arch. f. Hyg., 96, 1896 , 299; 
Bacillus anindolicum Chester, Man. 
Determ. Bact., 1901, 207; Escherichia 
anindolica Bergey et al., Manual. 3rd ed., 
1930, 325.) From feces. 

Bacterium coli imperfectum Roelcke. 
(Cent. f. Bakt., I Abt., Orig., 145^ 1939, 
109.) From feces. lactose not fer¬ 
mented. 

Bacterium formicum Omelianski. 
(Omelianski, Cent. f. Bakt., II Abt., 
11, 1904, 184; Achromobacier formicum 
Bergey et al.. Manual, 1st ed., 1923, 144; 
Escherichia formica Bergey et al., Man¬ 
ual, 2nd ed., 1925, 220.) From soil. 

Bacteri um galactophil urn Ford. (Ford, 

Studies from the Royal Victoria Hosp., 
Montreal, 1, (5), 1903, 39; also sec Jour. 
Med. Res., 6, 1901, 217; Escherichia 
galaclophila Bergey et al.. Manual, 1st 
ed., 1923, 202.) From feces. 

Bacterium succinicum Sakaguchi and 
Tada. (Cent. f. Bakt., II Abt., 101, 1940, 
341.) From cheese. 

Bacterium uromutabile Koch. (Cent, 
f. Bakt., I Abt., Orig., ISS, 1935, 209.) 
From genito-urinary infections. A non- 
lactose-fermenting variety that devel¬ 
oped the ability to ferment lactose 
slowly. 

Bacterium vesiculosurn Henrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
37; Bacillus vesiculosus MacConkey, 
Jour. Hyg., 9, 1909, 86; Escherichia 
vesiculosa Castellani and Chalmers, Man. 
Tfop. Med., 3rd ed., 1919, 942.) From 
cheese. 

Escherichia alba Schrire. (Trans. 


Royal Soc. So. Africa, 17, 1928, 43.) 
From feces. 

Escherichia brasiliensis Mello. (Sao 
Paulo Medico, Anno 10, 9, 1937, 11.) 
From feces. 

Escherichia colofoeiida (Castellani) 
Hauduroy et al. {Bacillus colofoetidus 
Castellani, Jour. Trop. Med. and Hyg., 
1930, 134; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 226.) From feces. 

Escherichia coloides (Castellani) Cas¬ 
tellani and Chalmers. {Bacillus coloides 
var. A and Bacillus coloides var. B, 
Castellani; Castellani and Chalmers, 
Manual of Trop. Med., 1919, 942 and 
946.) From feces. 

Escherichia colotropicalis (Castellani) 
(*astellani and Chalmers. {Bacillus colo¬ 
tropicalis Castellani, 1907; see Castellani 
and Chalmers, Manual of Trop. Med., 
3rd ed., 1919, 942 and 946.) From 
feces. 

Escherichia ellingeri (Mctalnikov and 
('horine) Bergey et al. {Coccobacillus 
ellingeri Mctalnikov and C'horine, Ann. 
Inst. Past., 4^, 1028, 1635, Bergey et al.. 
Manual, 3rd ed., 19:k), 330.) Causes 
fatal infection in insects an Pyrausta 
nubilalts Hubn. (European corn borer) 
and Galleria mcllonelln L. (bee moth). 
See Manual, 5th ed., 1939, 606 for a de¬ 
scription of this species. 

Escherichia kharloumensis (Chalmers 
and Macdonald) Hauduroy et al. (Bo- 
cillus kharloumensis Chalmers and Mac¬ 
donald, 1915; see Castellani and Chal¬ 
mers, Manual of Trop. Med., 3rd ed., 
1919, 948; Enleroides kharloumensis Cas¬ 
tellani and Clialmers, ibid., 941; Haudu 
roy etal.. Diet. d. Bact. Path., 1939,230.) 
From feces. 

Escherichia melacoli (Castellani'^ Cas¬ 
tellani and Chalmers. (Bacillus melacoli 
Castellani, 1915; see Castellani and 
Chalmers, Manila! of Trop. Med., 3rd 
ed., 1919, 942 and 948.) From feces. 

Escherichia melacoloides (Castellani) 
Castellani and Chalmers. {Bacillus mela¬ 
coloides Castellani; see Castellani and 
Chalmers, Manual of Trop. Med., 3rd 
ed., 1019, 942 and 950.) From feces. 
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Escherichia yaradoxa (Toumanoff) 
Hauduroy et al. {Colibacillus paradoxus 
ToumanofT» Bull. Soc. Centr. de M6d. 
V4t^r., SOf 1927, 367; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 231.) From 
feces. 

Escherichia paraenterica (Castellani) 
Hauduroy ct al. (Bacillus paraentericus 

Castellani, Manual of Trop. Med., let 
ed., 1910, 991; Enteroides paraenterica 
Castellani and Chalmers, ibid., 3rd ed., 
1919, 941; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 231.) From feces. 

Escherichia paulocnsis Mello. (Ass. 
Paulista de Medicina, //, 1937, 73.) 
From feces. 

Escherichia pseudocoli (Castellani) 
Castellani and Chalmers. {Bacillus 
pseudo-coli Castellani, Manual of Trop. 
Med., 1st ed., 1910, 990; Castellani and 
Chalmers, Manual Trop. Med., 3rd ed., 
1919, 942.) From feces. 

Escherichia pseudo-colifor mis (Castel¬ 
lani) Hauduroy et al. {Bacillus pseudo- 
coliformis Castellani, 1917; see Castellani 
and Chalmers, Manual of Trop. Med., 
3rd ed., 1919, 952; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 233.) From 
feces. 

Escherichia pseudocoloides (Castellani) 


Castellani and Chalmers. {Bacillus 
pseudocoloides Castellani, 1916; see Cas¬ 
tellani and Chalmers, Manual of Trop. 
Med., 3rd ed., 1919, 954; ibid., 942; 
Bacterium pseudo-coloides Weldin and 
Levine, Abst. Bact., 7, 1923, 13.) From 
feces. 

Escherichia pseudocoscoroba Castellani 
and Chalmers. {Bacillus coscoroba Mac- 
Conkey, Jour. Hyg., 6, 1906, 570; not 
Bacillus coscoroba Tr^trop, Ann. Inst. 
Past., 14, 1900, 224; Bacterium coscorobae 
Bergey and Deehan, Jour. Med. Res., 
19, 1908, 182; Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 942; 
Bacillus communior var. coscoroba Wins¬ 
low, Kliglcr and Rothberg, Jour. Bact., 
4, 1919, 486; Escherichia coscoroba 

Weldin, Iowa State Coll. Jour. Sci., 1, 
1926, 139.) From feces and sewage. 
This organism described by MacConkey 
is quite different from the organism 
described by Tr^trop (see Pasieurella 
appendix). 

Escherichia pseudodysenteriae Bergey 
et al. {Bacterium pseudodysenteriae 
Kruse, Deutsche Med. W’^chnschr., 97, 
1901, 386; Bergey et al., Manual, 1st ed., 
1923,198.) From feces of normal persons 
and of dysentery patients. 


Genus II. Aerobacter Beijerinck.* 

(Beijerinck, Cent. f. Bakt., II Abt., 6, 1900, 193; Aerogenesbacteriurn Orla-Jenaen, 
Jour, l^ct., 6, 1921, 272; Colobactrum (in part) Borman, Stuart and Wheeler, Jour. 
Bact., 48, 1944, 357.) From Latin, air or gas, and rod. 

Short rods, fermenting glucose and lactose with acid and gas production. Methyl 
red test negative; Voges-Proskauer test positive. Form two or more times as much 
carbon dioxide as hydrogen from glucose; trimethyleneglycol not produced from 
glycerol by anaerobic fermentation; citric acid and salts of citric acid utilized as 
sole source of carbon. Orow^ readily on ordinary media. Facultative anaerobes. 
Widely distributed in nature. 

The type species is Aerobacter aerogenes (Kruse) Beijerinck. 

Note: Kligler (Jour. Inf. Dis., 16, 1914,187) found the fermentation of glycerol to 
be inversely correlated with gelatin liquefaction and considered the former the more 
reliable due to occasional loss of gelatin liquefying ability. This was confirmed by 
Levine (Amer. Jour. Pub. Health, 7, 1917, 784) who reports that the two characters 
do not correlate perfectly. Griffin and Stuart (Jour. Bact., 40, 1940,93ff.) find a similar 
correlation of characters but feel that because these characters do not correlate per¬ 
fectly, it would be better to combine the two species into a single species. 

* Completely revised by Piof. M. W. Yale, New York State Experiment Station, 
Geneva, New York, Nov., 1938; further revision, July, 1943. 
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Key io the species of genut Aerobacter. 

I. Glycerol fermented with acid and gas. 

A. Gelatin not liquefied (rarely liquefied). 

1. Aerobacier aerogenes, 

II. Glycerol fermented with no visible gas. 

A. Gelatin liquefied. 

2. Aerobacier cloacae. 


1. Aerobacter aerogenea (Kruse) Bei< 
jerinck. (Bacterium laciis aerogenea Es- 
cherich, Fortschr. d. Med., 5, 1885, 515; 
Bacterium lactia Baginsky, Ztschr. f. 
phys. Chem., 12, 1888,437; not Bacterium 
lactia Lister, Quart. Jour. Micro. Sci., 
15, 1873, 380; Bacterium cu:eticum Bagin¬ 
sky, ibid .; Bacillua lactantium Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 15; Bacillua lactia aerogenea Stern¬ 
berg, Manual of Bacteriology, 1893 , 447; 
Bacillua aerogenea Kruse, in Fltlgge, 
Die Mikroorganismen, 5, 1896, 340; not 
Bacillua aerogenea Miller, Deutsche 
med. Wchnschr., 12, 1886,119; Bacterium 
aerogenea Chester, Del. Agr. Exp. Sta., 
9th Ann. Kept., 1897, 53; not Bacterium 
aerogenea Miller, loc. cit.; Beijerinck, 
Arch. n4erl. d. sci. exact, et nat., 4, 1900, 
1; Encapautalua lactia-aerogenes Castel* 
lani and Chalmers, Manual of Trop. Med., 
1919, 934; (Encapaulata) Bacillua aero¬ 
genea Perkins, Jour. Inf. Dis., 57, 1925, 
254; Colobactrum aerogenea Borman, 
Stuart and Wheeler, Jour. Bact.; 48, 
1944, 358.) From Latin, gas-producing. 

Rods: 0.5 to 0.8 by 1,0 to 2.0 microns, 
occurring singly. Frequently capsu- 
lated. (A variety showing a transverse 
arrangement of the capsule has been 
name d Aerobacter iranacapaulatua by 
Thompson, Jour. Bact., 28, 1934, 41.) 
Usually non-motile. Gram-negative. 

Gelatin colonies: Thick, porcelain- 
white, opaque, moist, smooth, entire. 

Gelatin stab: Thick, spreading, white, 
opaque surface growth. No liquefaction. 

^r colonies: Thick, white, raised, 
moist, smooth, entire. More convex 
than colonies of Eachenehia coli and often 
mucoid. 


Agar slant: Abundant, thick, white, 
moist, glistening, spreading growth. 

Broth: Turbid, with pellicle and abun¬ 
dant sediment. 

Litmus milk: Acid with coagulation. 
No peptonization. 

Potato: Thick, yellowish-white to 
yellowish-brown, spreading with nodular 
outgrowths over the surface. 

Indole may or may not be formed 
(Ford, Studies from the Royal Victoria 
Hospital, Montreal, 1, 1901-1903, 16; 
Bardsley, Jour. Hyg. (Eng.), 54, 1934, 
38; Wilson, Med. Res. Council, London, 
Spec. Rept. Ser. 206, 1935, 161). 

Nitrites produced from nitrates. 

Methyl red test negative (Clark and 
Lubs,* Jour. Inf. Dis., 17, 1915, 160); 
Voges-Proskauer test positive (Durham, 
Jour. Exp. Med., 6, 1901, 373); inverse 
correlation between methyl red and 
Voges-Proskauer tests (licvine, Jour. 
Bact., /, 1916, 153). 

Citric acid and salts of citric acid 
utilized as sole source of carbon (Koser, 
Jour. Bact., 8, 1923, 493). 

Uric acid utilized as sole source of 
nitrogen (Koser, Jour. Inf. Dis., 55, 
1918, 377). 

Gas ratio: Two or more volumes of 
carbon dioxide to one of hydrogen formed 
from glucose (Harden and Walpole, 
Proc. Roy. Soc. Series B, 77, 1905, 399; 
Rogers, Clark and Davis, Jour. Inf. Dis., 
14, 1914, 411). 

Catalase produced. 

Hydrogen sulfide not produced in pep* 
tone iron agar (Levine, Epstein and 
Vaughn, Amer. Jour. Pub. Health, 54, 
1934, 506; Tittsler and Sandholzer, 
Amer. Jour. Pub. Health, 57,1987,1240). 
More sensitive indicators give positiwe 
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tatts for hydrogen sulfide (Hunter and 
Weiss, Jour. Bact., 1938, 20). 

Trimethyleneglycol not produced from 
glycerol by anaerobic fermentation 
(Braak, Onderzoekingen over Vergisting 
van Glycerine, Thesis, Delft, 1028, 212; 
Werkman and Gillen, Jour. Bact., 2S, 
1932, 167). 

Sodium hippurate hydrolyzed (Hajna 
and Damon, Amer. Jour. Hyg., 19, 1934, 
645). 

Acid and gas from glucose, galactose, 
lactose, fructose, arabinose, maltose, 
rafiinose, cellobiose, salicin, esculin, 
starch, dextrin, glycerol, mannitol, sor¬ 
bitol and inositol, a-methyl-glucoside 
usually fermented (Koser and Saunders, 
Jour. Bact., £4t 1932, 267). Sucrose, 
inulin, dulcitol and adonitol may or may 
not be fermented. Protopectin not fer¬ 
mented. Variable fermentation of su¬ 
crose and mannitol (Sherman and Wing, 
Jour. Bact., 55,1937,315). 

Aerobic, facultative. 

Growth requirements: Good growth on 
ordinary laboratory media. Optimum 
growth temperature about 30*^0. Grows 
better at temperatures below SO^’C than 
does Escherichia coli. Usually destroyed 
in 30 minutes at 60°C, but certain heat- 
resistant strains may withstand this 
exposure (Ayers and Johnson, Jour. Agr. 
Res., 5, 1914, 401; Stark and Patterson, 
Jour. Dairy Sci., 19, 1936, 495). Gas 
not produced in Eijkmann test when 
carried out at 46® to 46®C (Eijkmann, 
Cent. f. Bakt., I Abt., Orig., 57, 1904, 
74; Levine, Epstein and Vaughn, Amer. 
Jour. Pub. Health, 5J, 1934, 505). 

Habitat: Normally found on grains 
and plants and to a varying degree in the 
intestinal canal of man and animals. 
Widely distributed in nature. 

2. Aerobacter cloacae (Jordan) Bergey 
et al. {BaeilluB cloacae Jordan, Kept. 
Mass. State Bd. of Health, Part II, 1890, 
836; fioctenumcfeacas Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 5, 1896, 239; 
BaeiUui laciie cloacae Conn, Eaten and 


Stocking, Storrs Agr. Exp. Sta., Conn., 
18th Ann. Rept. for 19(16, 180; Cloaca 
cloacae Castellani and Chalmers, Man. 
Trop. Med., 3rd*ed., 1919, 938; Bergey 
et al., Manual, let ed., 1923, 207.) From 
Latin cloaca, sewer. 

The following are also regarded as 
identical with Aerobacter cloacae: Aero- 
hacter liquefaciene Grimes and Hennerty, 
Sci. Proc. Royal Dublin Society, (N. S.) 
20, 1931, 93; not Aerobacter liquefaciene 
Beijerinck, Cent. f. Bakt., II Abt., 6, 
1900,199 (monotrichous); Bacillue levane 
Wolffin, Arch. f. Hyg., 21, 1894 , 279 and 
Lehmann, Cent. f. Bakt., 15, 1894, 350 
{Bacterium levans Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufi., 2, 1896, 235; 
Cloaca levans (Dastellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 938; 
Aerobacter levans Bergey et al., Manual, 
Ist ed., 1923, 208). 

Rods: 0.5 to 1.0 by 1.0 to 2.0 microns, 
occurring singly. Usually motile posses¬ 
sing peritrichous fiagella. Not capsu- 
lated. Gram-negative. 

Gelatin colonies; Thin, circular, bluish, 
translucent. 

Gelatin stab: Slow liquefaction. 
Liquefying power sometimes lost (Klig- 
ler. Jour. InL Dis., 15, 1914,199). 

Agar colonies: Circular, thick, opaque 
with white center, entire. 

Agar slant: Porcelain-w'hite, smooth, 
glistening, spreading growth. 

Broth: Turbid, with thin pellicle. 

Litmus milk: Acid, coagulation, gas, 
slow peptonization. 

Potato: Growth yellowish, moist, glis¬ 
tening. 

Indole not formed (Levine, Epstein 
and Vaughn, loc. cit.\ Wilson, Mod. 
Res. Council, London, Spec. Rept. Ser. 
206, 1935, 161). 

Nitrites produced from nitrates. 

Methyl red test negative; Voges-Pros- 
kauer test positive. 

Citric acid and salts of citric acid 
utilized as sole source of carbon (Koser, 
Jour. Bact., 8, 1923, 493). 

Urie acid utilized as sole source of 
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nitrogen (Koaer, Jour; Inf. Dis., tS, 
1918, 377). 

Gas ratio: Glucose fermented with at 
least two volumes of carbon dioxide to 
one of hydrogen (RogerSi Clark and 
Davis, Jour. Inf. Dis., H, 1914, 411). 

Catalase produced. 

Hydrogen sulfide not produced in pep¬ 
tone iron agar (Levine, Epstein and 
Vaughn, Amer. Jour. Pub. Health, Hi, 
1934, 505). 

Sodium hippurate not hydrolyzed 
(Hajna and Damon, Amer. Jour. Hyg., 
19, 1934, 545). 

Acid and gas from glucose, fructose, 
galactose, arabinose, xylose, lactose, 
maltose, raffinose, dextrin, salicin, tre¬ 
halose, mannitol, sorbitol, cellobiose and 
a-methyl-glucoside. Sucrose usually fer¬ 
mented. Inulin, esculin, starch, dul- 
citol, rhamnose and protopectin not 
attacked. Glycerol fermented with no 
visible gas (Kligler, loc. cit,, 187; Levine, 
Amer. Jour. Pub. Health, 7, 1917, 784). 
Starch rarely fermented (Levine, ibid,). 
See Winslow, Kligler and Rothbeig, Jour. 
Bact., 4,1919,429 for review of literature. 

Fecal odor produced. 

Aerobic, facultative. 

Growth requirements: Good growth on 
ordinary laboratory media. Optimum 
growth temperature SO"* to 37'’C. Gas 
not produced in Eijkmann test when 
carried out at 45^ to 46''C (Levine, Ep¬ 
stein and Vaughn, loc, cit,). 

Habitat: Found in human and animal 
feces, sewage, soil and water. 

Appendix:^ The following described 
species have been placed in Aerobacter 
or may belong here: 

Actinobacter polymorphus Duclaux. 
(Duclaux, Ann. Inst. Nat. Agron., 5, 
1882, 110; Baeilluo actinobacUr Migula, 
Syst. d. Bakt., t, 1900, 089.) Causes 
swelling of cheese. Possibly this was 
Atfchacter cloacae. 

Aerobacler chinenu Bergey et al. 
(BaciUue capeulatue chinerme Hamilton, 
Cent. f. Bakt., II Abt., 4, 1898, 230; 


Bacterium chinenee Migula, Syst. d. 
Bakt., 9, 1900, 357; Bergey et al.. Manual, 
1st ed., 1923, 207.) From India ink. 

Aerobacter decolorane Burkey. (Iowa 
State CJoll. Jour. Sci., 3,1928,77.) From 
rotted potato and hay infusions. 

Aerobacter divereum Burkey. (Iowa 
State Cpll. Jour. Sci., 5,1928,77.) From 
soil. 

Aerobacter faeni Burkey. (Iowa State 
Coll. Jour. Sci., 3, 1928, 77.) From hay 
infusions. 

Aerobacter hibernicum Grimes and 
Hennerty. (Sci. Proc. Royal Dublin 
Society, (N.S.) 30, 1931, 92.) From 
butter. 

Aerobacter leporis Botta. (Giorn. Bat- 
teriol. e Immunol., 33, 1939, 217.) From 
liver abscess in a rabbit. 

Aerobacter melezitovorum Burkey. 
(Iowa State Coll. Jour. Sci., 3, 1928, 
77.) From soil. 

Aerobacter pectinovorum Burkey. 
(Iowa State Coll. Jour. Sci., 3, 1928, 
77.) From creek water. 

Aerobacter oxytocum (Trevisan) Ber¬ 
gey et al. (Bacillus oxytocus pemiciosus 

Fltigge, Die Mikroorganisraen, 1886, 268; 
Bacillus oxytocus Trevisan, I generi e le 
specie delle Batteriacee, 1889, 17; Bac¬ 
terium oxytocus pemiciosus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 139; Bacterium oxytocum Migula, 
Syst. d. ^kt., 3, 19(X), 394; Escherichia 
oxytocus Castellani and Chalmers, Man¬ 
ual of Trop. Med., 3rd cd., 1919, 942; 
Bergey et al.. Manual, 1st ed., 1923,206.) 
From old milk. 

Aerobacter paraoxytocum Mello. 
(Jom. Dos Clinicos, No. 15, 1937.) 
From a dental abscess. 

Bacillus aceris Edson and Carpenter. 
(Edson and Carpenter, Vermont Agr. 
Exp. Sta. Bull. 167, 1912, 475; Achromo- 
bacter aceris Bergey et^ai.. Manual, 4th 
ed., 1934, 218.) From slimy maple sap. 
See Manual, 5th ed., 1939, 506 for a de¬ 
scription of this organism. Identified by 
Fabian (Ind. and Eng. Chem., 37, 1936, 
349) as Aerobacter aerogenes. 
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Bacillus aromaticus Pammcl. (Pam- 
mel, Bull. No. 21, Iowa Agr. Expcr. Sta., 
1893, 792; Pammel and Pammel, Cent. f. 
Bakt., II Abt., £, 1896, 633; Bacterium 
aromaticus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 100; Flavobac- 
terium aromaticum Bergey et al., Manual, 
Isted., 1923,105.) From cabbage. Used 
as a starter for cheese makifig. Acid and 
gas from glucose and sucrose. See Man¬ 
ual, 5th ed., 1939, 533 for a description 
of this organism. 

Bacillus guilleheau a, b and c, von Freu- 
denreich. (Ann. de Micrographie, 2, 
1890, 353.) From mastitis milk. Cul¬ 
ture a may well have been Aerobacter 
aerogenesy b appears to have Ix^en A. 
cloacae while c was a mucoid variant (sec 
Sternberg, Man. of Bact., 1893, 725). 

Bacillus subcloacac Ford. (Studies 
from the Royal Victoria Hosp , Montreal, 
/, (5), 1903, 60; also see Ford, Jour. Med 
Res., 6, 1901, 213.) From feces. 

Bacterium liquefaciens Ford. (Studies 
from the Royal Victoria Hosp., Montreal, 
/, (5), 1903, 59; also see Ford, Jour. Med. 
Res., 6y 1901, 215.) From feces. While 
Ford regards this species as identical 
with Bacillus liquefaciens Eisenlx'rg, 
neither is adequately described and they 
differ in important characters. The 
same holds true for Bacillus liquefaciens 


Fuller and Johnson, Jour. Exp. Med., 
4, 1899, 627. 

Bacterium margaritaceum Migula. 
(Perlschnurbacillus, Maschek, Bakteriol. 
Untersuch. d. Leitmeritz. Trinkwas^er, 
I.«eitmeritz, 1887; Migula, Syst. d. Bakt., 
2y 1900, 422 and 1059.) From water. 
Possibly identical with Aerobacter aero- 
genes. 

Bacterium subliquefaciens Ford. 
(Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1903 , 59; also see Ford, 
Jour. Med. Res., 6y 1901, 219.) From 
feces. 

Bacterium zeae C3omes. (Bacterial 
Disease of Corn, Burrill, III. Agr. Exp. 
Sta. Bull. 6, 1889, 164; Comes, Critto- 
gamia Agraria, /, 1891, 500; Bacillus 
secalis Ludwig. Lehrbuch der niederen 
Kryptogamci), 1892, 95; Bacillus zeae 
Russell. Bacteria in their relation to 
vegetable tissue, Thesis. Johns Hopkins 
Univ., Baltimore, 1892, 1^6.) From corn 
blight. Moore (.\gric. Sci., 8, 1894, 
368) identified a culture received from 
Burrill as Bacillus cloacae Jordan. 

Burkey (Iowa State College Jour. Sci., 
8, 1928, 77) described five species {Aero¬ 
bacter indologcnes, Aerobacter motorium, 
Aerobacter fnitificans. Aeiobacter salici- 
novorum and Aerobacter pscudoproteus) 
which are regarded a.s varieties of .Ifro- 
bneter cloacae. 


Genus III. Klebsiella Trevisan.* 

(Trevisan, Atti della accad. Fisio-Medico-Statistica in Milano, Ser. 4, 8, 1885, 
105; Calymmatobacterium Aragao and Vianno, Mem. Inst. Oswaldo Cruz, J, 1912, 222; 
Encapsulalus Castellani and Chalmers, Man. Trop. Med., 3rd ed., 1919,934.) Named 
for Edwin Klebs (1834-1913), early German bacteriologist. 

Short rods, somewhat plump with rounded ends, mostly occurring singly. Encap¬ 
sulated in the mucoid phase. Non-motile. Gram-negative. Fermentation reactions 
are highly variable but usually a number of carbohydrates are fermented. Nitrites 
are produced from nitrates. Aerobic, growing well on ordinary culture media. En¬ 
countered frequently in the respiratory, intestinal and genito-urinary tracts of man, 
but may be isolated from a variety of animals and materials. 

The type species is Klebsiella pneumoniae (Schroeter) Trevisan. 

* Rearranged by Prof. M. W. Yale, New York State Experiment Station, Geneva, 
New York, Nov., 1938; further revision by Dr. O. B. Chapman, Syracuse Medical 
College, Syracuse, New York, December, 1946. 
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1. Klebsiella pneumoniae (Schroeter) 
Tievisan. (Pneumoniecoccus, Fried- 
laender, Arch. f. Path. Anat., 97, 1882, 
319; Bacterium pneumonie croupoaae 
Zopf, Die Spaltpilze, 3 Aufl., 1885, 66; 
Klebsiella crouposa Trevisan, Atti della 
Accad. Fisio-Medico-Statistica in Mil¬ 
ano, Ser. 4, 5, 1885, 105; Hyalococcus 
pneumoniae Schroeter, in Cohn, Krypto- 
gamen Flora von Schlesien, 5(1), 1886, 
152; Bacillus pneumoniae Fliigge, Die 
Mikrooiganisnien, 2 Aud., 1886, 204; 
Trevisan, Rend. d. R. Istit. Lombardo, 
Ser. 2,50,1887,94; Klebsiella friedlanderi 
Trevisan, I gcncri e Ic specie delle Bat- 
teriacee, 1889, 26; Bacillus mucosus 
eapsulatus Paulsen, Mittheil. f. d. Verein 
Schleswig-Holsteiner Aerzte, 5, 1893, 
No. 7; Bacterium pneumoniae Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 5, 
1896, 200; Bacterium pneumonicum Mig- 
ula, Syst. d. Bakt., 5, 1900, 350; Bacillus 
friedlanderi Mac5, Traits Pratique de 
Bact., 4th ed., 1901, 771; Encapsulaius 
pneumoniae Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919 , 934; 
Coecobacillus friedlanderi Neveu- 
Lemaire, Precis Parasitol. Hum., 5th 
ed., 1921,20; Proteus pneumoniae Weldin, 
Iowa State Coll. Jour. Sci,, /, 1926, 
149; Bacterium friedlander Weldin, idem; 
Bacillus mucosus-eapsulatus Mason and 
Beattie, Arch, of Internal Med./ 49, 
1928, 331.) From Greek, of pneumonia. 

Rods; 0.3 to 0.5 by 5.0 microns, with 
rounded ends, often four to five times as 
long as broad, occurring singly and in 
pairs. Encapsulated. Non-motile. 
Gram-negative. 

Gelatin colonies: Dirty-white, smooth, 
opaque, entire, slightly raised. 

Gelatin stab: Dirty-white surface 
growth. Filiform growth in stab. No 
liquefaction. Gas bubbles. 

Agar colonies; White, shiny, convex, 
smooth, glistening, entire. 

Agar slant; Slimy, white, somewhat 
translucent, raised growth. 

Broth: Turbid, wi^ thick ring or film. 

Litmus milk: Variable. 


Potato: Yellowish, slimy, raised 
growth. Gas is formed. 

Nitrites produced from nitrates. 

Indole variable, usually not formed. 

Fermentation of carbohydrates highly 
variable. Acid and gas may be formed 
from glucose, lactose, sucrose, fructose, 
galactose, maltose, mannitol and inositol. 

Methyl red test variable. 

Acetylmcthylcarbinol production vari¬ 
able. 

Blood agar: Usually no hemolysis. 

Utilization of citrate as a sole source of 
carbon variable. 

Aerobic, facultative. 

Optimum temixjrature 37®C. 

Common name: Friedlander's pneumo¬ 
bacillus. 

Source; Originally isolated from spu¬ 
tum in pneumonia. 

Habitat: Associated with infections of 
the respiratory, intestinal and genito¬ 
urinary tracts of man. Encountered in 
infections of animals and may be isolated 
from a wide variety of sources. 

Note: The difficulty experienced in 
distinguishing members of this genus 
from those of Escherichia and Aerobacter 
is recognized. The members of these 
three genera exist in at least three 
growth phases, mucoid (capsulated), 
smooth and rough. 

Working with the mucoid phase of 
Klebsiella, Julianelle (Jour. Exp. Med., 
44, 1926, 113, 683, 735 ; 62, 1930, 539) de¬ 
scribed three serological types, A, B and 
C on the basis of capsular specific poly¬ 
saccharides. There is evidence that 
other types exist. The presence of a 
generic specific somatic antigen pattern 
has not been definitely accepted. 

Appendix: The following organisms 
may be placed in Klebsiella. The evi¬ 
dence for differentiating them into dis¬ 
tinct species is so meagre that for the 
present it may be better to consider them 
as varieties of KlebsieUa pneumoniae. 

Klebsiella adanii Hauduroy et al. 
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(Diet. d. Bact. Path., 1937,260.) From 
a case of pyelooystitis. 

Klebsiella capsidata (Sternberg) Ber- 
gey et al. (Kapselbacillus, Pfeiffer, 
Ztschr. f. Hyg., 1889, 145; Bacillus 
eapsulatus Sternberg, Manual of Bact., 
1893, 431; Bacterium capsulaium Migula, 
Syst. d. Bakt., 2^ 1900, ; Encapsulatus 

pfeifferi Bergey et al., Manual, let ed., 
1923, 239; Bergey et al.. Manual, 2nd 
ed., 1926 , 265.) From purulent exudate 
from stomach of a guinea pig. 

Klebsiella crassa Trevisan. (^Bacillus 
sputigenus crassus Kreibohm, Inaug. 
Diss., Gottingen, 1889; abst. in Cent, 
f. Bakt., 7, 1890, 313; Bacillus crassus 
sputigenus FlOgge, Die Mikroorganismen, 

2 Aufl., 1886, 260; Trevisan, I generi e 
lo specie delle Battcriacce, 1889 , 25; 
Bacterium sputigenes crassus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta.. 

1897 , 88; Bacterium crassum Chester. 
Man. Determ. Bact., 1901, 151.) From 
sputum. 

Klebsiella cuniculi Hauduroy et al. 
{Bacillus eapsulatus pyaemiae cuniculi 
Koppinayi, Ztschr. f. Tiermed., 11, 
1907,429; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 262.) From plcuroperi- 
carditis in a rabbit. 

Klebsiella gcnitalium (Dimock and 
Edwards) Hauduroy et al. (Encapsula- 
lus gcnitalium Dimock and Edwards, 
Jour. Amer. Veter. Assoc., 70, 1927, 469; 
Hauduroy et al., Did. d. Bact. Path., 
1937 , 264.) From infections in the gen- 
itO'Urinary organs of mares. 

Klebsiella granulomatis (Arngao and 
Vianna) Bergey ct al. {Calymmatobac- 
terium granulomatis AragAo and Vianna, 
Mem. do Inst. Oswaldo Cruz, Rio de 
Janeiro, 4, 1912, 211; Encapsulatus tn- 
guinalis Bergey et al., Manual, 1st ed., 
1923,238; Bergey et al., Manual, 2nd ed., 
1926, 264.) Prom granuloma inguinale. 


Klebsiella ozaenae (Abel) Bergey et 
al. (Bacillus mucosus ozaenae Abel, 
Cent. f. Bakt., IS, 1893, 167; Bacillus 
ozaenae Abel, ibid., 172; not Bacillus 
ozaenae Migula, Syst. d. Bakt., 2, 1900, 
645, 662; 1 Bacillus eapsulatus mucosus 
Fasching, Sitzgsber. Wien. Akad., Ill 
Abt., 100, 1891 (Bacterium eapsulatus 
mucosus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 130; Bacterium 
faschingii Migula, Syst. d. Bakt., 2, 1900, 
355; Bacillus capsulatus-mucosus Hol¬ 
land, Jour. Bact., 5, 1920,217; Bacterium 
mucosum capsulaium Holland, ibid., 
221; Bacterium mucosum-capsulatum 
Holland, ibid., 217); Bacterium ozaenae 
Ixjhmann and Neumann, Bakt. Diag., 

1 Aufl., 2, 1896, 204; Bacterium mucosus 
ozaena Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897,138; Encapsulata 
ozenae Bergey et al., Manual, Ist ed., 
1923, 240; Bergey et al.. Manual, 2nd 
ed , 1925, 266.) From cases of ozena. 

Klebsiella paralytica Cahn, Wallace 
and Thomas. (Wallace, Lj^ell, Thomas, 
Alvin and Cahn, Proc. Soc. Exp. Biol., 
29, 1932, 1908; Cahn, Wallace and 
Thomas, Science, 76, 1932, 385; Wallace, 
Cahn and Thomas, Jour. Inf. Dis., 5S, 
1933, 386; Klebsiella aids Hauduroy et 
al.. Diet. d. Bact. Path., 1937, 260.) 
From intestine of tick t Uermacentor 
albiptctus) and thought to ho tho cause of 
tick paralysis of moose 

Klebsiella rhinoscleromatis Trevisan. 
(Rhinoscleromabacillus, v. Frisch. Wien, 
med. Wchnschr., 1882; Cornil, Progres 
Medical, 1883; Trevisan, Rend. d. R. 
Istit. Ix)mbardo, Ser. 2, 20, 1887 , 95; 
Bacterium rhinoscleromatis Migula, Syst. 
d. Bakt., 2, 1900, 352; Bacterium nasalis 
Chester, Man. Determ. Bact., 1901, 134; 
Bacillus rhinoscleromatis Winslow, Klig- 
ler and Rothberg, Jour. Bact., 4» 1919, 
491.) From cases of rhinoscleroma. 
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*A]qpendiz I. Tribe Eschericheae: Borman, Wheeler and Stuart (Jour. Bact., 
1^, 361) place coliform-likc bacteria that are slow lactose-fermenters in a separate 
genus Paracolohacirum as follows: 

Genus A . Paracolobactrum Borman, Stuart and Wheeler, 

(Paracolibacille, Widal and Nobecourt, Semaine M6d., 17,1897,286; .Borman, Stuart 
and Wheeler, Jour. Bact., 48, 1944, 361.) 

Short rods characterized by consistently delayed fermentation of lactose (occasion¬ 
ally negative). Glucose is fermented with formation of visible gas. Certain forms 
attack carbohydjrates characteristically at 20'' to 30^0 but not at 37''C. Antigenic 
relationships to other genera in the family are common, even with respect to major 
antigens. 

The type species is Paracolobactrum aerogenoides Borman, Stuart and Wheeler. 


Key to the species of genus Paracolobactrum. 

1. Acetylmethylcarbinol produced. 

1. Paracolobactrum aerogenoides. 

II. Acetylmethylcarbinol not produced. 

A. Citric acid utilized as a sole source of carbon. 

2. Paracolobactrum intermedium, 

B. Citric acid not utilized as a sole source of carbon. 

3. Paracolobactrum coliforme. 


1. Paracolobactrum aerogenoides Bor¬ 
man, Stuart and Wheeler. (Para-aero- 
genes, Stuart,. Wheeler, Rustigian and 
Zimmerman, Jour. Bact., 4^, 1943, 117; 
Borman, Stuart and Wheeler, Jour. Bact., 
48, 1944, 361.) Latinized, resembling 
aerogenes. 

Characters as for Aerobacter aerogenes 
and Aerobacter cloacae except for con¬ 
sistently delayed fermentation of lactose. 

Source: From human gastroenteritis. 

Habitat: Surface water, soils, grains, 
as well as the intestinal tract of animals, 
including man. 

2. Paracolobactrum intermedium Bor¬ 
man, Stuart and Wheeler. (Para- 
freundii, Stuart et al.. Jour. Bact., 48, 
1943, 117; Borman, Stuart and Wheeler, 
Jour. Bact., 48, 1944, 361.) From Latin 
intermedins, intermediate. 

Characters as for Escherichia freundii 
and Escherichia intermedium except for 
consistently delayed fermentation of 
lactose. 

Source: From human gastroenteritis. 

Habitat: Surface water, soil,grains,as 
well as the intestinal tract of animals, in¬ 
cluding man. 


3. Paracolobactrum coliforme Borman 
Stuart and Wheeler. (Para-coli, Stuart 
et al.. Jour. Hart., 48, 1943,117; Borman, 
Stuart and Wheeler, Jour. Bact., 48, 
1944, 36!.) Latinized, resembling eoli. 

Characters as for Escherichia coli 
except for consistently delayed fermen¬ 
tation of lactose. 

Source: From human gastroenteritis. 

Habitat: Surface water, soil, grains, 
as well as intestinal tract of animals, in¬ 
cluding man. 

Note; The following also belong here: 

Bacterium paracoli Stutzer and 
Wsorow. (Non-lactose-fermenting Bac¬ 
terium coli, Gilbert and Lion, Semaine 
M6d., IS, 1893,130; Stutzer and Wsorow, 
Cent. f. Bakt., II Abt., 71, 1927, 116.) 
From intestines of healthy laryae of a 
moth (Euxoa segetum). 

Salmonella para-colon (Day) Hauduroy 
et al. (Bacillus para-colon Day; see Cas- 
tellani. Cent. f. Bakt., I Abt., Oiig., 
68, 1912, 264; also Castellan! and Chal¬ 
mers, Man. Trap. Med., 3rd ed., 1919,960; 
Hauduroy et al.. Diet. d. Bact. Path., 
1937. 461.) 


* Prepared by Dr. £. K. Borman, Bureau of Laboratories, State Department of 
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^Appendix II. Tribe Eschericheae: Gram-negative, peritrichous to non-motile 
rods similar to organisms placed in Paracolohactrum, Serratia and Salmonella have 
recently been described as causing diseases of reptiles, birds and mammals. They 
may be grouped here although they have been placed in several different genera. 


1. Bacterium sauromali (>onti and 
Crowley. (Jour. Bact., 56f, 1038, 269.) 
From a generic name of lizards, 
Savrotnalua. 

Short rods: 0.2 to 0.5 by 1.0 to 2.0 
microns, with roun<le<l ends, occurring 
in groups. Motile with 4 to 6 peri¬ 
trichous flagella. (Irain-negative, 

Gelatin: Infundibulifurm liquefaction 
complete in 3 days at 37°(\ Black sc'di- 
ment. Medium browned. 

.\gar slant; Grow'th abundant, spread¬ 
ing, convex, faint yellowish-green, glis¬ 
tening, smooth, translucent, butyrous. 
Decided odor. Medium greened 

Nutrient broth: After 1 day at 
moderate turbidity. King. Decided 
odor. Scanty flocculent sediment. 

Milk: Alkaline and complete pept«i 
nisation in ten days. 

Indole not formed. 

Potato: Growth yellowdsh-green to 
olive. 

Blood medium: ('omplcte alpha 
hemolysis in 48 hours. 

Peptone medium: Slight fluorescent 
greenish-yellow pigmentation. 

Nitrites produced from nitrates. 

Ammonia is produced. 

Acid and gas from glucose, suen^se, 
maltose, galactose*, fructose, salicin and 
mannitol. .\cid but not gas fnmi gly¬ 
cerol. No acid from lactose, arabiimse, 
xylose, dextrin, inulin, dulcitol or starch 

Hydrogen sulfide pnxluced. 

Gatalase positive. 

Methyl red test positive. 

Pathogenic f(»r animals. 

Temperature relations: Optimum 
37°C. Minimum 20®C\ Maximum 45®(\ 

Aerobic. 

Source; From a tumor-like growth on 
the chuckaw^alla iSauromalna vanna). 

Habitat: Causes tumors in lizards. 


2. Serratia anolium Duran-Reynals 
and Clausen. (Jour. Bact., SS, 1937, 
369.) From a generic name of lizards, 
Anolis. 

Hods: 0.2 to 0.4 by 1.0 to 2.0 microns, 
occurring singly, in pairs, in clusters and 
palisades. Pleomorphic, other forms be¬ 
ing 4 to 5 microns in length, curved, 
occasionally club-like, or 10 to 15 microns 
long and surrounded by a capsular mate¬ 
rial, or occasionally small and coccus-like. 
Motde (Duran-Reynals and Clausen) 
with 1 to 4 i)entrichou8 flagella (Breed). 
Non-acid-fast. Gram-negative. 

Gelatin sUib; liapid growth. Lique¬ 
faction infundibulifonn. After 6 to 10 
days a thick soft pellicle and blackish 
.sediment is formed. 

Agar colonics: After 24 hours at 37®C, 
isolated colonies are low, convex, margin 
entire or slightly undulate. CJolonies 
translucent, butyrous, glistening, 
8iu(K)th, 1.0 to 2.5 mm in diameter. While 
some colonies retain their smooth char¬ 
acter. 01 hers become larger, striated and 
wrinkled, showing opaque, radiated folds 
with irregularly crenated c*ige8 and a 
rougher texture. Penetrating acid smell 
produced. 

Agar slant; After 24 hours at 37®C, 
abundant, confluent, raised whitish, 
butyrous, glistening, with entire or 
undulate edges. 

Bnnh: Moderate growth with uniform 
turbidity. pellicle is formed which 
disintegrates forming a ring on the wralls 
of the tul)o. Sediment. Faint fluores¬ 
cent yellowish coloration. 

.No visible gas in glucose broth (Breed). 

Peptone w'atcr: .After 6 to 10 days 
marked turbidity, medium darkened, 
blackish sediment formed. 

Litmus milk: Coagulation and diges¬ 
tion. Partial discoloration of the litmus. 


• Prepared by Prof. Robert S. Breed. New York State Experiment Station, 
flenev*. New York. June. I#4fi. 
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Potato: Growth abundant^ butyrousi 
gUateniiig, raised, pinkiBh. 

Indole not formed. 

Blood U hemolysed. 

Loeffler’e eerum: Abundant, glistening 
growth. Liquefaction. 

No HsS produced. 

Ammonia is produced. 

Although Duran-Reynals and Clausen 
report nitrites not produced from ni¬ 
trates, a retest of their cultures by 
Breed has shown that nitrites are actively 
produced from nitrates. 

Acid from glucose, fructose, sucrose, 
mannitol, maltose, galactose and salicin. 
Dextrin, lactose, inulin, dulcitol, xylose 
and arabinose slightly attacked or not at 
aU. 

Pigment production: Water-soluble 
pigment produced. Pink coloration best 
shown on glycerol potato. Reddish col¬ 
oration best shown in peptone water with 
2 per cent glucose, the yellow coloration 
in glucose broth and the black coloration 
in the sediment of liquefied gelatin and 
peptone water. Some non-pigmented 
strains. 

Temperature relations: Grows well at 
20*C. Growth more abundant at 37^C. 
Practically no growth at lO^C. Thermal 
death point fiO'^C for 20 minutes. 

Aerobic. 

Pathogenicity: Pathogenic for am¬ 
phibians, reptiles and to some extent fish. 
Lesions are produced in the iguanid liz¬ 
ards {AnolU eqttesiru and Anolis caroli- 
nensis), the gekkonid lizards (Tarentola 
maurUanica and HemidadyluB broohii)^ 
the garter snake (Thamnophu buUeri) 
and the brown snake (Stareria dekayi)^ 
the musk turtle (Stemothaenu odaratui), 


the toad (Bufo ammcanxu)^ the frog 
{Rana pipiens) and the catfish (Amstu- 
rat meloB). When the inoculated animal 
is kept at 37”C, the disease becomes 
general and usually is fatal. Non-patho* 
genic for warm-blooded animals (Clausen 
and Duran-Reynals, Amer. Jour. Path., 
IS, 1937, 441), 

Source: From tumor-like lesions in 
Cuban lizards {Anolis equealris). Also 
isolated from iguanid lizards {BaailiaciiB 
vittatus) from Mexico by Clausen and 
Duran-Reynals (loc. cit.). 

Habitat: The cause of a natural, non- 
fatal, contagious disease of lizards. 

3. Salmonella sp^ (Type Arizona). 
(Salmonella ep., Dar es salaam Type var. 
from Arizona, Caldwell and Ryerson, 
Jour. Inf. Dis., 66, 1939, 245; Salmonella 
arizona Kauffmann, Acta Path, et Micro¬ 
biol. Scand., 17, 1940, or 19, 1942; Ari¬ 
zona culture, Edwards, Cherry and Bru¬ 
ner, Jour. Inf. Dis., 75, 1943, 236; Sal¬ 
monella arizona Group, Edwards, Jour. 
Bact., 49, 1945, 513.) 

Ferments lactose and liquefies gelatin. 
Antigenic structure: XXXIII: Z 4 , Zti, 
zw:—. 

Source: Isolated by Caldwell and Ry¬ 
erson (loc, ciL) from horned lizards, 
Gila monsters and chuckawallas. Also 
pathogenic for guinea pigs and rabbits. 
Found in snakes by Hinshaw and 
McNeill (Cornell Vet., 54, 1944, 248). 
Also reported by Edwards (loc. cil.) 
from infants. 

Habitat: Apparently widely distri¬ 
buted in lizards, snakes, and warm¬ 
blooded animals. 
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TBIBB n. EBWINBAB WINSLOW BT AL. 

(Jour. Bact., S, 1920,209.) 

Motile rods which normally require oi^ganic nitrogen compounds for growth. Pro¬ 
duce acid with or without visible gas from a variety of sugars. In some species, the 
number of carbon compounds attacked is limited and lactose may not be fermented. 
May or may not liquefy gelatin. May or may not produce nitrites from nitrates. In¬ 
vade the tissues of living plants and produce dry necrosis, galls, wilts and soft rots. 
In the latter case, a protopectinase destroys the middle lamellar substance. 

There is a single genus. 

Genus /. ErwinUi Winslow et al* ** 

(Jour. Bact., 1917, 660.) Named for Erwin F. Smith, pioneer American plant 
pathologist. 

Characters as for the tribe. 

The type species is Erwinia amylovora (Burrill) Winslow et al. 

Key to the species of genus Erwinia. 

I. ♦♦Pathogens which cause dry necrosis, galls or wilts in plants but not a soft rot 
(Erwinia sensu stricto). 

A. Gas not produced in sugar media. 

1. Gelatin liquefied. 


a. Starch not hydrolyzed. 

b. Nitrites not produced from nitrates. 

1. Erwinia amylovora, 
bb. Nitrites produced from nitrates. 

2. Erwinia miUeiiae. 

aa. Starch hydrolyzed. 

b. Nitrites produced from nitrates. 

3. Erwinia vitivora. 

aaa. Action on starch not reported. 

b. Nitrites produced from nitrates. 

4. Erwinia cassavas. 


2. Gelatin not liquefied. 

a. Starch not hydrolyzed. 

b. Nitrites produced from nitrates. 

5. Erwinia solids. 

bb. Nitrites not produced from nitrates. 

6. Erwinia irachdphila. 


* Completely revised by Prof. F. D. Chester, New York, N. Y., December, 1938; 
further revision by Prof. Walter H, Burkholder, Cornell University, Ithaca, New 
York, May, 1946. 

** The genus Erwinia as defined here is heterogeneous in nature and is composed 
of at least two distinct groups. The first group constitutes Erwinia proper and does 
not produce visible gas from sugars. Waldee (Iowa State Coll. Jour. Sci., 79, 1946, 
436) in a paper that appeared as this manuscript was ready for the press has sug¬ 
gested that the species in this first group be placed in a separate family Erwiniaeeae. 
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11. tPathogens which normally cause a soft rot in plants (largely belong in the genus 
Pectobacterium Waldee). 

A. Gas produced in sugar media. 

1. Gelatin liquefied. 

a. Nitrites produced from nitrates, 

b. Hydrogen sulfide produced. 

7. Erwinia betivora. 

8. Erwinia carnegieana. 


bb. Hydrogen sulfide not produced. 

9. Erwinia atrosepiica, 

10. Erwinia carotovora, 
aa. Nitrites not produced from nitrates. 

11. Erwinia erivanensis. 

12. Erwinia flavida. 

2. Gelatin not liquefied, 
a. Starch hydrolyzed. 

13. Erwinia dissolvent. 

aa. Starch not hydrolyzed. 

14. Erwinia nimipressuralis. 

B. Gas not produced in sugar media. 

1. Gelatin liquefied. 

a. Nitrites produced from nitrates, 
b. Starch hydrolyzed. 

15. Erwinia ananas. 

16. Erwinia cytolytica. 

bb. Starch not hydrolyzed, 

c. Acid from lactose. 

17. Erwinia aroideae. 

18. Erwinia mnngiferae. 

cc. No acid from lactose. 

19. Erwinia citrimacnlans. 


2. Gelatin not liquefied. 

20. Erwinia rhapontici. 

3. Very slow gelatin liquefaction. 

a. Nitrites not produced from nitrates. 

21. Erwinia laihyri. 

C. Gas production not reported. 

1. Gelatin liquefied. 

a. Nitrites produced from nitrates. 

22. Erwinia lilii. 


t The second group of species usually causes soft rots, but includes a few not very 
typical species. Waldee (/oc. cii.) has proposed that the species that cause typical 
soft rot be placed in a new genus, Pectobacterium, with Pectobacterium carotovorum as 
the type species. The new genus is retained in the family Enterobacteriaceae, Wal- 
dee would place the atypical species in other genera, Erwinia dissolvens for example 
being placed in the genus Aerobaeter, As further comparative studies are needed 
before such changes can be made with confidence, the older arrangement is allowed to 
stand in this edition of the Manual. 
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1. Erwlnia amylovora (Burrill) Wins¬ 
low et al. (MicrococcuB amylovoruB Bur¬ 
rill, Illinois Indust. Univ., 11th Kept., 

1882, 142; American Naturalist, 17, 

1883, 310; Bacilltts amylovorus Trevisan, 
I gencri e le specie delle Batteriacee, 
1889, 19; Bacterium amylovaruB Chester, 
Del. Col. Agr. Exp. Sta., 9th Ann. Kept., 
1897, 127; Bacterium amylovorum Ches¬ 
ter, Manual Deterra. Bact., 1901, 176; 
Winslow et al., Jour. Bact., J, 1920, 209.) 
From Latin, starch devouring. 

Description mainly from Ark, Phyto- 
path., f7, 1937, 1. 

Rods: 0.7 to 1.0 by 0.9 to 1.5 microns, 
occurring singly, in pairs and sometimes 
in short chains. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Circular, whitish, 
amorphous, entire. 

Gelatin stab: Slow crateriform lique¬ 
faction confined to the upper layer. 

Agar colonies: Circular, grayish-white, 
moist, glistening, irregular margins. 

Broth: Turbid, with a thin granular 
pellicle. 

Potato: Growth white, moist, glisten¬ 
ing. Medium not softened. No odor. 
No pigment. 

Litmus milk: Coagulated after 3 to 4 
days to a pasty condition, with a separa¬ 
tion of w^hey. At first acid, becoming 
alkaline. Litmus reduced. There is a 
gradual digestion of the casein. 

Blood serum: Growth similar to that 
on agar. No liquefaction. 

Dunham's solution: Rapid growth, 
but clouding not dense. 

Indole not produced. 

Nitrites not produced from nitrates. 

Most of the strains gave a positive test 
for ammonia in broth, a few showed only 
a slight positive test. 

Acetylmethylcarbinol produced. 

Growth in synthetic media with 
(NH 4 )iHP 04 as a source of nitrogen and 
containing different carbohydrates. 

Acid without gas from glucose, sucrose, 
arabinose, mannose, fructose, maltose, 
eellobiose, rafEnose, salicin and amyg- 


dalin. Xylose, rbamnose, dulcitol and 
starch not fermented. Acid production 
from lactose and galactose variable. 
Utilizes salts of eitric, malic, and hip- 
puric acid. Action on salts of lactic and 
succinic acids variable. Salts of benzoic, 
maleic, malonic, oxalic, tartaric and val¬ 
eric acid are not utilized. 

Asparagine fermented with production 
of alkali. Glycine, valine, isoleucine, 
glutamic acid, cystine, tyrosine, trypto¬ 
phane and urea not fermented. 

Minimum temperature between 3° and 
8®C. Maximum below 37 ®C. 

Optimum pH 6.8. Minimum pH 4.0 
to 4.4. Maximum pH 8.8. 

Source: From the blossoms, leaves and 
twigs of the pear and apple. 

Habitat: Attacks a large number of 
species in several tribes of the family 
Rosaceae (Elliott, Manual Bact. Plant 
Pathogens, 1930, 19). 

2. Erwlnia miUetiae (Kawkami and 
Yoshida) Magrou. (Bacillus milletiae 
Kawkami and Yoshida, Bot. Mag., Tokyo, 
S4t 1920, 110; Magrou, in Hauduroy et 
al., Diet. d. Bact. Path., 1937, 213.) 
From Milletiay a genus named for A. J. 
Millett. 

Rods: 0.4 to 0.6 by 0.9 to 2.5 microns. 
Motile with peritrichous flagella. Cap¬ 
sules. Gram-negative. 

Gelatin: Liquefaction begins after 8 
days. 

Agar colonies: Circular, fiat, smooth, 
shiny, opaque, waxy yellow. Margins 
entire. 

Broth: Turbid. Heavy precipitate. 

Milk: No coagulation. Clears with 
alkaline reaction. 

Conjac: No liquefaction. 

Nitrites produced from nitrates. 

Acid but no gas from galactose, fruc¬ 
tose, lactose, maltose, sucrose and man¬ 
nitol. No acid from glycerol. 

Starch not hydrolyzed. 

Growth in 0.2 per cent but not in 0.3 
per cent of the following acids in sucrose 
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peptone broth: Acetic, citric, oxalic and 
tartaric. 

Aerobic. 

Qrows well at 32*’C. Thermal death 
point, 53*^0 for 10 min. 

Source: From galls on the Japanese 
wisteria in various localities in Japan. 

Habitat: Causes galls on the Japanese 
wisteria, MiUetia floribunda, 

3. Brwlnia vittvora (Baccarini) du 
Plessis. {Bacillus viiivorus Baccarini, 
Bull, della Soc. Bot. Ital., 1894, 235; 
du Plessis, Dept. Agr. and Forestry Union 
of S. Africa, lienee Bui. 214, 1940, 58.) 
From Latin, devouring the vine. 

Note: Macchiati (Bol. della Soc. Bot., 
1897, 156) uses the name Bacillus bacca- 
rinii for Bacillus viiivorus. The de¬ 
scription Macchiati gives is not of 
Erwinia vitivora but is evidently that 
of a saprophyte occurring with the patho¬ 
gen. He conducted no inoculation ex¬ 
periments. Migula (System der Bak- 
terien, 1900, 778) gives Bacillus viti~ 
oorus Bacc. (Malpighia, 6, 1892, 229) 
which is an incorrect citation and BaciU 
lus baeearinii Macch. 1897, as synonyms 
of Bacillus gummis Comes 1884. It is 
impossible to determine what this latter 
species is. Du Plessis {loc. cii.) does 
not believe Bacillus gummis is the same 
as Erwinia vitivora. 

Rods: 0.74 (0.44 to 1.10) by 1.46 
(0.95 to 2.19) microns. Cells sometimes 
dumbbell-shaped. Motile with peritri- 
chous flagella. Gram-negative. Capsules 
present. 

Gelatin: Liquefaction. 

Agar colonies: First punctiform, irregu¬ 
larly circular or lenticular, ultimately 
circular, raised to pulvinate, glistening, 
spreading, light to orange-yellow. Agar 
becomes brown. 

Broth: Turbid in 24 hrs. Whitish to 
lemon yellow pellicle. 

Milk: Litmus reduced. Thread-like 
to spongy curd formed. Yellow whey 
about curd. Yellow growth on top of 
plain milk. Medium acid. 


Uschinsky*s solution: Slowly becomes 
turbid. Pellicle. Sediment whitish* 
yellow. 

Nitrites produced from nitrates. 

Hydrogen sulfide produced. 

Acid produced from glucose, fructose, 
xylose, lactose, sucrose, mannitol and 
salicin. No acid from raflinose or inulin. 

Starch hydrolyzed. 

Facultative anaerobe. 

Temperature relations: Optimum 25^C. 
Maximum 35® to 40®C. Minimum 5® to 
10®C. 

Optimum pH 6.0. Minimum 4.2. 

Source: Du Plessis used 5 isolates from 
various localities in South Africa. 

Habitat: Causes a disease of grape vines 
in South Africa, Italy and France. 

4. Brwlnia cassavas (Handsford) comb, 
nov. {Bacterium cassavas Handsford, 
Ann. Kept. Dept. Agric. Uganda for 
1937, II, 1938, 48.) cassava, the 

host plant. 

Rods: Motile with a few peritrichous 
flagella. No capsules. Gram-negative. 

Gelatin is slowly liquefied. 

Agar colonies: Smooth, lens-shaped, 
edges entire, translucent and of uniform 
structure. Yellow. 

Broth: Turbid with a ring. A yellow 
precipitate in old cultures. 

Milk becomes alkaline. Not cleared. 

Nitrates are rapidly reduced to ni¬ 
trites. 

Methyl red test negative. Acetyl- 
methylcarbinol produced (Dowson, Cent, 
f. Bakt., II Abt., 100, 1939, 183). 

Acid but no gas from glucose, sucrose, 
maltose and glycerol, but not from lac¬ 
tose. 

Facultative anaerobe. 

Source: From necrotic lesions on cas¬ 
sava leaves in Uganda. 

Habitat: Pathogenic on cassava, Afam- 
hoi sp. 

6. BrwtnU salicli (Day) Cheater. 
{Bacterium salieis Day, Oxford For. 
Mem., 5, 1924, 14; PhyUmonas salieis 
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Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., 1937, 408; Chester, in Ber- 
gey et al., Manual, 6th ed.. 1939, 406.) 
From Latin aalixy willow; M. L. generic 
name, Salix, 

Description from Dowson, Ann. Appl. 
Biol., Hy 1937, 542. 

Hods: 0.5 to 0.7 by 0.8 to 2.2 microns, 
occurring singly or in pairs, rarely in 
chains, with rounded ends. Motile with 
5 to 7 long peritrichous flagella. Gram¬ 
negative. 

Gelatin stab: Beaded growth. No 
liquefaction. 

Infusion agar: Colonics appear slowly, 
circular, with slightly uneven margins, 
pale brown by transmitted light, pale 
gray by reflected. 

Infusion agar slants: Growth thin, 
nearly transparent. 

Broth; Moderate, uniform turbidity 
No pellicle. 

Litmus milk: No change. 

Potato: Bright yellow, later fading to 
pale brown, spreading, abundant, glisten¬ 
ing, slimy growth. 

Indole not formed. 

Nitrites produced from nitrates (Dow^- 
son). 

Hydrogen sulfide not produced. 

Ammonia not produced. 

Acetylmethylcarbinol produced. 

Methyl red test negative (Dowson, Cent, 
f. Bakt., II Abt., lOOy 1939, 183). 

Acid, but no gas, from glucose, galac¬ 
tose, mannose, xylose, maltose, sucrose, 
rafflnose, glycerol, mannitol and salicin. 
No growth in arabinose, fructose, rham- 
nose, inulin or dextrin. 

No growth in Cohn’s solution. 

Starch not hydrolyzed. 

Temperature relations: Optimum 29® 
to 30®C. Minimum 6® to 10®C. Maxi¬ 
mum 33® to 37®C. Thermal death point 
60® to 52®C. 

Aerobic, facultative anaerobic. 

Source; From the cricket-bat willow 
{Salix caerulea) and from the white 
willow {Salix alba). 

Habitat: Causes a water*mark disease 
of willow in England. 


6. Erwinia tracheiphila (Erw. Smith) 
Holland. {Bacillus tracheiphilua Erw. 
Smith, Cent. f. Bakt., II Abt., /, 1896, 
364; Bacterium • tracheiphilua Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 
.9, 1897, 72; Smith, see Bacteria in Rela¬ 
tion to Plant Diseases, i?, 1911, 286; 
Holland, Jour. Bact., 6, 1920, 216.) 
From Greek, trachea-loving, i.e., live 
in flbrovascular bundles. 

Rods: 0.6 to 0.7 by 1.2 to 2.6 microns, 
with rounded ends, occurring singly and 
in pairs, more rarely in fours. Motile 
with peritrichous flagella. Capsulated. 
Gram-negative. 

Gelatin colonies: Small, circular, gray> 
ish-white, smooth, glistening. Show in¬ 
ternal striae by transmitted light. 

Gelatin stab: Surface growth thin, 
spreading, grayish-white. Slight Aliform 
growth in depth. No liquefaction. 

Agar colonies: Small, circular, grayish- 
white, smooth, glistening. 

Agar slant: Growth gray, smooth. 
Aliform, moist, glistening. 

Broth: Slight turbidity. No ring or 
pellicle. 

Potato: Grow-th white or color of sub¬ 
stratum, smooth, moist, glistening. No 
action on the starch. Does not soften 
the middle lamella of potato cells. 

Litmus milk: Not coagulated. Reac¬ 
tion unchanged. Litmus not reduced. 
Not peptonized. 

Egg albumen: Not digested. 

Blood serum: No liquefaction. 

Cohn’s solution: No growth. 

Uschinsky’s solution: Weak growth. 

Fermi’s solution: Weak growth. 

Indole not formed in Dunham’s solu¬ 
tion. 

Nitrites not produced from nitrates. 

Ammonia production moderate. 

Cannot utilize asparagine, ammonium 
lactate or tartarate as sources of nitrogen. 

Acid without gas from glucose, sucrose 
and fructose; growth in closed arm. 
Acid from glycerol. No growth in closed 
arm with lactose, maltose, dextrin, gly¬ 
cerol or mannitol. No acid from lactose. 

Starch not hydrolysed. 
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Hydn)gen sulfide production feeble. 

Growth in broth with 1.0 per cent NaCl 
retarded; inhibited with 2.0 per cent. 

Very sensitive to acid (phenolphtha- 
lein). 

Temperature relations: Optimum 25^ 
to 30^0. Minimum about 8^0. Maxi¬ 
mum 34** to 35'*C. Thermal death 
point 43^0 for one hour. 

Aerobe and facultative anaerobe. 

Source: From various curcurbits. 

Habitat: Causes the wilt of cucumber, 
also affects cantaloupes, muskmelons, 
pumpkins and squashes. 

6a. Bacillus traeheiphilus var. cucumis 
£. F. Smith. (An Introduction to Bact. 
Dis. of Plants, 1920, 135.) Smith states 
that squash is immune to this variety of 
Erwinia tracheiphila, 

7. Srwinia betlvora (Takimoto) Ma- 
grou. (BaciUus hetivorus Takimoto, Ann. 
Phyt. Soc. Japan, F, 1931, 356; Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 200). From I.Atin, devour¬ 
ing the beet. 

Rod: Short rods, sometimes filaments. 
Motile with 2 to 6 peritrichous flagella. 
Gram-negative. 

Gelatin: Liquefaction. 

Agar colonies: Circular or amoeboid, 
homogenous, thin, edges smooth and 
entire. 

Broth: Turbid with pellicle. 

Milk: Acid, coagulated. 

Nitrites produced from nitrates. 

Indole produced. 

Hydrogen sulfide produced. 

Gas from glucose and sucrose. 

Facultative anaerobic. 

Optimum temperature Minimum 
12^0. Maximum 45^0. Thermal death 
point 50^C for 10 min. 

Source: From rot of sugar beets in 
Korea. 

Habitat: Pathogenic on roots of beets. 
Artificial inoculation of carrots, radishes, 
potato tubers and tomato fruits gave 
positive results. 


8. Brwinia camegieana Lightle, Stand- 
ring and Brown. (Phytopath., 9B, 1942, 
310.) From the genus Camegiea, 

Rods: 1.12 to 1.79 by 1.56 to 2.90 
microns. Motile with peritrichous flag¬ 
ella. Capsules. Gram-positive (Lightle 
et al.). Gram-negative; old cultures 
show Gram-positive granules in cells 
(Burkholder). 

Gelatin: Slow liquefaction. 

Agar colonies: Round, slightly raised, 
smooth, gray-white, wet-shining, mar¬ 
gins entire. 

Broth: Abundant growth. 

Uschinsky*s solution: Turbid, slight 
ring and sediment. 

Milk: Litmus pink to reduced. No 
curdling. 

Nitrites are produced from nitrates. 

Hydrogen sulfide is formed (Burk¬ 
holder) . 

Acid and gas from glucose, galactose, 
fructose, maltose, sucrose, raffinose, 
mannitol and salicin. Acid and gas 
from lactose and xylose and alkali from 
sodium tartrate (Burkholder). 

Stat’ch not hydrolyzed (Burkholder). 

No odor. 

Aerobic. 

Thermal death point 59**C. 

Source: From rotting tissue of the giant 
cactus (Camegiea gigantia). 

Habitat: Pathogenic on the giant cac¬ 
tus, but not on carrots. 

9. Erwinia atroseptica (van Hall) 
Jennison. {Bacillus atrosepiicus van 
Hall, Inaug. Diss., Amster^m, 1902, 
134; Jennison, Ann. Missouri Bot. Gard., 
10, 1923, 43.) From Latin ater, black 
and septicus, putrefying. 

Synonyms: Morse (Jour. Agr. Res., 8, 
1917, 79) lists the following synonyms: 
BaciUus solanisaprus Harrison, Cent. f. 
Bakt., II Abt., /7, 1906, 34 {Erwinia 
solanisapra Holland, Jour. Bact., J, 1920, 
222) and Bacillus mclanogenes Pethy- 
bridge and Murphy, Roy. Irish Acad. 
Proc., FP, B, No. 1, 1911, 31. 

Paine (Jour. Agr. Sci., 8, pt. 4, 1917, 
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492) agrees and points out that BocxIIub 
phytophikorus Appel is very similar to 
Bacillus melanogenea Pethybridge and 
Murphy. 

Jennison (Ann. Missouri Bot. Gard.» 
10, 1923, 1) concurs and adds Bacillus 
phytophthorus Appel, Ber. d. Deut. Bot. 
Gesell., 1902, 128 (nomen nudum) and 
K. Biol. Anst. f. Land. u. Forst. Arb., S, 
1903, 364. (This last reference contains 
Appel’s description which is antedated 
by van Hall’s description of the black 
leg pathogen.) 

Stapp (Arb. d. Biol. Reichs. f. Land* 
u. Forst., 16, 1928, 702) besides the above 
species adds Bacillus carotovorus Jones 
but uses the name Bacillus phytophthorus 
and states that the speoies contains 5 
serological groups. 

Description from Jennison (/oc. cit.). 

Rods: 0.6 by 1.6 microns. Motile with 
a few peritrichous flagella. No capsules. 
Gram-negative. 

Gelatin liquefied. 

Agar colonies: Small, round to some¬ 
what irregular and whitish. Surface 
smooth with a glistening luster. 

Broth: Turbid after a few days. Ring 
and sometimes a light pellicle. 

Ammonia production feeble to moder¬ 
ate (Jennison). Ammonia production 
absent (Morse, loc. cit.). 

Milk coagulated and acid. A slow 
peptonization. Litmus reduced. 

Indole not formed. 

Hydrogen sulfide not produced. 

Nitrites are produced from nitrates. 

Acid and gas from glucose, galactose, 
sucrose, lactose, maltose and mannitol. 
No acid and gas from dextrin and glycerol. 
Volume of gas is small. 

Starch not hydrolyzed. 

Cohn’s solution: No growth. 

Uschinsky’s solution: Good growth. 

Facultative anerobe (Morse, foe. ctL). 

Optimum temperature 26®C. Maxi¬ 
mum 33®C. Minimum below 6*C 
(Morse). 

Slight growth with 3 per cent salt. 
None with 4 per cent aalt* 


Source: From stems of potatoes af¬ 
fected with black-leg. 

Habitat: Causes a black rot on stem 
and tuber of potatoes and other vege¬ 
tables. 

Note: Smith (Science, 51, 1910, 748) 
regarded Erwinia solanisapra and Er- 
winia phytophthora as very closely re¬ 
lated. Brooks, Nain and Rhodes (Jour. 
Path, and Bact., 28, 1925, 203) held that 
Erwinia phytophthora, Erwinia sola¬ 
nisapra and Erwinia carotovora are dis¬ 
tinct serologically, although identical 
in cultural characteristics. Berridge 
(Ann. Appl. Biol., IS, 1926, 12) claimed 
from serological tests that Erwinia 
phytophthora and Erwinia solanisapra 
are different yet closely related organ¬ 
isms. Lacey (Ann. Appl. Biol., 15, 1926, 
1) from cultural and serological tests 
considered Erwinia phytophthora, Er- 
mnia solanisapra and Erwinia caroto¬ 
vora distinct species. Stapp (Arb. a. d. 
Biol. Reichanstalt f. Landw. u. Forst- 
wirtsch., 16, 1928, 643) from serological 
tests places Erwinia phytophthora in one 
serological group and Erwinia carotovora 
in another. Leach (Phytopath., 20, 
1930, 743) found that Erwinia phytoph¬ 
thora and Erwinia carotovora were in¬ 
distinguishable in cultural and physio¬ 
logical characteristics, the most con¬ 
sistent difference being the inky black 
coloration of the tissues infected with 
the former. 

Stapp (in Sorauer, Handb. d. Pflan- 
zenk., 5 Aufl., 2, 1928, 229) states that it 
is generally believed that the disease 
caused by Bacillus solanincola Delacroix 
(Compt. rend. Acad. Sci., Paris, 155, 
1901, 417 and 1030) is the same as stem 
rot of potato (blackleg). 

10. Erwinia carotovora (Jones) Hoi 
land. (Bacillus carotovorus Jones, Cent 
f. Bakt., II Abt., 7, 1901, 12; Holland 
Jour. Bact., S, 1920,222; Bacterium earo 
iavorum Lehnmnn and Neumann, Bakt 
Diag., 7 Aufl., f, 1927, 446; Peekhae 
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Urium carotovorum Waidee, Iowa State 
Coll. Jour. Sci., 19, 1946, 469.) From 
Latin, carrot destroying. 

Synonyms: Ijeach (Minnesota Agr. 
Exp. Sto. Tech. Bull. 76, 1031, 18) lists 
the following as synonyms: 

Bacillus alrosepticus van Hall. (Van 
Hall, Inaug. Diss., Univ. Amsterdam, 
1902, 134; Erwinia atrosepiica Jennison, 
Ann. Missouri Bot. Card., 10, 1923, 43.) 

Bacillus phytophthoTus Appel. (Bor. 
d. deut. Bot. Ocs., 20, 1902, 128; Erwinia 
phytophihora Holland, Jour. Hact., 6, 
1920, 222; Bacterium phytophthorum 

Burg^'itz, Phytopath. Bacteria, fiCniii- 
grad, 1935, 141; Pertuhacterium phyla- 
phthorum Waldee, Iowa State Coll. Jour. 
Sci., /P, 1945, 471). 

Bacillus solanisaprus Harrison. (Har¬ 
rison, ('ent. f. Bakt., II .Vbt., /7, 1907, 
34; Erwinia solanisapra Holland, .Jour. 
Bact., 5,1920, 222.) 

Bacillus melanogenes Pc thy bridge and 
Murphy. (Iloy. Irish Acad., 29, B, Xo. 
1, 1911, 31.) 

Baeilltis oleraccae Harrison. (Harri¬ 
son, Science, 16, 1902, 152; Erwinia olero- 
ceae Holland, Jour. Pact., 6, 1020, 222 ) 

Bacillus omnivor us van Hall. (Inaug. 
Diss., Univ. Amsterdam, 1902, 176.) 

Bacillus apivorus Wormabl. (Jour. 
Sci., 6, 1914, 203.) 

Elrod (Bot. Gaz., lOS, 1941, 270) 
holds that Erwinia aroideae is a synonym 
of Erwinia carolovora. 

The following also have been considered 
as possible synonyms of Erurinia caro- 
iooora: 

Bacillus eepivarus Delacroix. (Dela¬ 
croix, Ann. Inst. Nat. Agron., iS<^r 2, 
5, 1905, 368; Bacterium cepivorum Stapp, 
in Sorauer, Handb. d. Pflanzenkrank- 
heiten, 5 Aufl., 2, 1928, 49; Aplanobacler 
eepivorus Elliott, Man. Bact. Plant Path., 
1^, 4; Phyiomonas cepivora Magrou, 
in Hauduroy et al.. Diet. d. Bact. Path., 
1937, 344.) Causes a rot of onion bulbs. 

Bacillus cypripedii Hori. (Hori, 
Cent. f. Bakt., II Abt., 51, 1911, 85; 
Erwinia cypripedii Beigey ct al., Manual, 
1st ed., 1923, 171.) 


Bacillus dahliat Her. and Bokuia 
(Hori and Bokura, Imp. Agr. Expt. Sta. 
Xishigahara, 58,1911,69; Erwinia dahliat 
Magrou, in Hauduroy et al., Diet. d. 
Ikict. Path., 1937, 205.) 

Pseudomonas destruefans Potter. 
(Potter, Proc. Tniv. Durham Philos. 
Soc., ltS99, 165 and Proc. Roy. Soc., 07, 
1900, 449; Bnctcrnim destrurlans Xakata, 
Xakajima and Takirnoto, Tech. Rept. 
Korea Ind. Tarin, 1922; Phyiomonas 
dcslruvians Bergey (‘t al., Manual, 3rd 
ed., lj)30, 204 ) S(‘e Paine (Ann. Appl. 
Biol., S, 1918, 64) for a tliscussion of this 
species. 

Bacillus hyacinthi sc pi ir us Heinz. 
(Heinz, Cent. f. Bakt.. 5, 1889, 539; 
Bacillus hyacnUhi-srpticus Ddnnann and 
Xeumann, Bakt. Disig.. 2 .Viill., 2, 1899, 
449; Bacterium hyacinthi scpticus (Jies- 
ler, Ann. Rept Del. (ol. .Vgr. Exp. 
Sta., 0, 1897, 127; Bacillus hyacinthi 
Migula, Syst. d. Bakt., 2, BKX), 874; not 
Bacillus hyacinthi Trevisan, I generi c 
le s}x»cie dclle Batteriacee, 1899, 19; 
Eruinia hyacinthi septica Magrou, in 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 208.) 

Rods. Csually 0.7 tt> 0.8 by 1.5 to 5.0 
microns, occasionally in chains. Stain 
rather slowly with aniline colors, well 
with I.,offler'8 methylene blue. No cap¬ 
sules observed. Actively motile with 
peritrichous flagella. Gram-negative. 

Gelatin stab: Rtipid surface liquefac¬ 
tion, slower in depth (Jones). Some 
strains very slow' liquehers. 

Agar colonies: .\fter 2 days, circular, 
convex, smooth, grayish-white, moist, 
glistening. Margins sharp, entire. 

Agar slant: Growth thin, grayish- 
white, moist, glistening, biityrous. Me¬ 
dium not discolored. 

Broth: Turbid, with pellicle and white 
flocculcnt sediment. Slow' alkaline pro¬ 
duction. 

Litmus milk: After 4 days, coagu¬ 
lated, acid, with separation of whey. 
Cheesy odor. Litmus reduced. Slightly 
peptonized. 
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Potato: Growth thick, creamy-white; 
medium softened. 

Dunham's solution: Feeble persistent 
turbidity. 

Blood serum: Growth much as on agar. 
Not liquefied. 

Uschinsky's solution: Strong turbidity. 

Indole production none. 

Nitrites produced from nitrates. 

Diastase negative. 

No HsS produced or only a trace. 

No ammonia produced. 

Methyl red positive, Voges-Proskauer 
negative (Dowson, Cent. f. Bakt., II 
Abt., 100, 1939, 183). 

Acid and gas from glucose, lactose, 
sucrose, fructose, rafhnose, mannitol, 
arabinose, xylose, salicin and rhamnose. 
Acid without gas from glycerol and ethyl 
alcohol. Butyl alcohol, inulin and starch 
not fermented. 

Facultative anerobe. 

Temperature relations: Optimum 25° 
to 30°C. Minimum 4°C. \Iaximum 38° 
to 39°C. Thermal death fwint 41° to 
61°C. 

Pathogenesis: Causes a rapid soft rot 
of roots, rhizomes, fruits and the fleshy 
stems of a variety of plants. 

Source: From rotted carrots. 

Habitat: Causes a soft rot in carrot, 
cabbage, celery, cucumber, egg*plant, 
iria, muskmelon, hyacinth, onion, pars¬ 
nip, pepper, potato, radish, tomato, 
turnip, and other plants. 

11. Erwinia erlvanensis (Nalantarian) 
Bergey et al. {Bacterium erivanenae 
Kalantarian, Cent. f. Bakt., II Abt., 
66, 1925, 298; Bacillus erivanenaia Stapp, 
in Sorauer, Handb. d. Pflanzenkr., 5 
Aufl., 1928, 202; Bergey et al.. Manual, 
3rd ed., 1930, 239.) Derived from 
Erivan, a city in Armenia. 

Whether this organism is to be con¬ 
sidered a chromogenic strain or a distinct 
species is impossible to determine; there¬ 
fore, it occupies its present position 
tentatively. It cannot be separated 
from Erwinia carotopora on the basis of 


chromogenesis since the latter occaron- 
ally shows a tendency to the formation 
of a faint yellowish pigment. 

Rods: 0.5 to 0.7 by 1.25 to 2.5 microns. 
Motile with peritrichous flagella. Gram¬ 
negative. 

Gelatin colonies: After 3 days at 20°C, 
circular, 1 to 1.5 mm in diameter, yellow¬ 
ish-white, convex, entire. Microscopi¬ 
cally gray with opaque borders and darker 
patches. 

Gelatin stab: Surface growth somewhat 
lunbonate. In 10 to 12 days a slow lique¬ 
faction. Intense yellow growth. 

Agar colonies: Grayish-white, fatty 
lustre, turning yellow after several days. 

Agar slant: Growth grayish-white, 
fatty lustre, becoming yellow. 

Broth: Strong more or less flocculent 
turbidity. No surface growth. Little 
sediment. 

Potato: Growth somewhat raised, be¬ 
coming yellowish. 

Milk: Coagulated in 14 days, becoming 
alkaline, slowly clearing. 

Indole is formed. 

Nitrites not produced from nitrates. 

Acid and gas from glucose, sucrose and 
mannitol. No gas from lactose and 
glycerol. 

Optimum temperature 20°C. 

Source : From cotton plants. 

Habitat: Causes a root-rot of cotton 
(Goaaypium ap.). 

12. Erwinia flavida (Fawcett) Magrou. 
{Bacillus flavidua Fawcett, Rev. Indust, 
y Agrico. de Tucuman, 15, 1922, 6; Rev. 
App. Mycology, 5,1923,338; not Bacillus 
flavidua Morse, Jour. Inf. Dis., 11, 1912, 
284; Magrou, in Hauduroy et al.. Diet, 
d. Bact. Path., 1937, 207.) From Latin 
fiavua, yellow. 

Morphology: Motile with peritriohous 
flagella. Gram-negative. 

Gelatin: Yellow growth. Liquefac¬ 
tion. 

Milk: Coagulated. 

Potato: Yellow growth. 

Indole is formed. 
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Nitrites not produced from nitrates. 
Acid and gas from glucose, lactose and 
sucrose. 

Diastase not formed. 

Source: From sugar cane. 

Habitat: Causes a soft rot of sugar cane 
(Saceharum officinarum). 

Note : If this decay is due to a simple 
organism as stated above, it is probable 
that it should be considered merely a 
chromogenic strain of Erwinia carotovora. 

13. Erwinia dissolvens (Rosen) comb, 
nov. {Pseudomonas dissolvens Rosen, 
Phytopath., 1S\ 1922, 497; Phyiomonas 
dissolvens Rosen, Phytopath., /d, 1926, 
264; Bacterium dissolvens Rosen, ibid.; 
Aplanobacter dissolvens Rosen, ibid.; 
Aerehacier dissolvens Waldee, Iowa State 
Coll. Jour. Sci., 19, 1945, 473.) From 
Latin, dissolving. 

Rods: 0.5 to 0.9 by 0.7 to 1.2 microns. 
Pairs, rarely in chains. Capsules pres¬ 
ent. First described as motile with a 
single flagellum; later as non-motile. 
Gram-negative. 

Gelatin: Not liquefled. 

Agar colonies: Round, margins entire, 
white, opaque, glistening, butyrous, 
emitting a strong odor of decaying vege¬ 
tables. 

Broth: Turbid with heavy surface 
growth consisting of ring, and floccules 
or compact slimy masses and streamers. 
Abundant sediment. 

Uschinsky’s solution: Good growth, 
but not viscid. 

Litmus milk: Acid, coagulated. 

Indole produced. 

Nitrites produced from nitrates. 
Hydrogen sulflde not produced. 

Acid and gas from glucose, galactose, 
mannitol, sucrose, maltose, lactose and 
glycerol. 

Starch hydrolyzed. 

Optimum temperature 30'’C. 

Good growth in 3 per cent salt. Re¬ 
tarded at 4 per cent. 

Source: From totting corn stalks. 
Habitat: Pathogenic in com plants. 


14. Erwinia nimlpressuralis Carter. 
(Illinois Nat. Hist. Survey Bull. 23, 
1945, 423.) From Latin nimis, too 
much and pressuralis, pertaining to 
pressure. 

Rods: Mostly 0.34 to 0.68 by 0.68 to 
1.35 microns. Motile with as many as 
6 peritrichous flagella. Capsules not 
observed. Gram-negative. 

Gelatin: Not liquefled. 

Potato glucose agar: Colonics circular, 
smooth, whitish-cream, entire, flat to 
slightly raised and usually opaque. Gas 
produced when medium is stabbed. 

Broth: Abundant with thin pellicle 
or flocculent surface growth. Sediment 
scant and viscid. Gas produced in 
nutrient broth plus glucose was 47 per 
cent COj and 2.4 per cent hydrogen. 
COj varied with age of culture, more 
being produced in young cultures. 

Milk: Acid, coagulated. Litmus and 
bromocresol purple are reduced. Not 
peptonized. 

Nitrites produced from nitrates. 

Hydrogen sulflde produced. 

Indele not produced. 

Acid and gas produced from arabinose, 
rhamnose, xylose, glucose, fructose, 
galactose, mannose, lactose, maltose, 
trehalose, melibiose, cellobiose, manni¬ 
tol, sorbitol and salicin; no acid or gas 
from inulin, dextrin or filterpaper; 
variable results from sucrose, rafflnose, 
melezitose, dulcitol, glycerol and elm 
sawdust. Pectin is not fermented. 

Starch not hydrolyzed. 

Methyl red test positive. Acetyl- 
methylcarbinol produced. 

Facultative anaerobe. 

Optimum temperature 24® to 30®C. 
Maximum 37®C. Minimum 5®C or lower. 
Thermal death point 45® to 55®C. 

Optimum pH for growth 6.8 to 7.5. 
Maximum 10.0+• Minimum 4.6. 

Source: Five cultures from 5 different 
trees affected with wet wood. 

Habitat: Pathogenic in trunk wood of 
elms, Ulmus americana, U. pumila^ I/. 
fulva and U. proeera. 
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15. Brwinla ananta Serrano. (Philip¬ 
pine Jour. Sci., Se, 1928, 271; BaciUuB 
ananaa Serrano, ibid.; Bacterium ananas 
Burgwitz, Phytopathogenic Bacteria, 
Leningrad, 1935, 44.) Named for the 
genus. Ananas. 

Note : Not to be confused with Pseudo¬ 
monas (Phytomonas) ananas Serrano, 
Philippine Jour. Sci., 55, 1928, 271. 

Short rods: 0.6 by 0.9 micron, with 
rounded ends, occurring singly, in pairs 
and in short chains. Encapsulated. 
Motile with peritrichous flagella. Gram¬ 
negative. 

Gelatin stab; Stratiform liquefaction, 
with a deep chrome-yellow sediment. 

Potato glucose agar: After 24 hours, 
circular, 3 mm in diameter, convex, 
dense, homogeneous, entire, moist, straw- 
yellow, mottled, becoming primuline 
yellow. Plates have a molasses odor. 
Show two types of colonies, rough and 
smooth. Rough colonies liave crenate 
margins. 

Potato glucose agar slant: Growth 
straw-yellow, raised, becoming primu- 
line yellow, moist, glistening. 

Broth: Turbid, with a straw-colored 
pellicle and ring. 

Glucose broth: Growth sulfur yellow. 

Litmus milk: Coagulated, faintly 
acid, becoming alkaline. 

Potato: Copious growth, moist, glisten¬ 
ing, spreading, becoming primuline yel¬ 
low. 

Indole not formed. 

Blood serum: Moderate growth, 
slightly raised, mustard yellow to primu¬ 
line yellow. No liquefaction after 3 
months. 

Cohn's solution: No growth. 

Phenol negative. 

Diastase produced. 

Nitrites produced from nitrates. 

Slight amount of ammonia produced. 

Slight amount of HtS produced. 

Small amount of alcohol and aldehyde 
produced. 

No gas from carbohydrates. Acid 
from glucooe, lactose, sucrose, mannitol. 


glycerol, salicin, dextrin, mal¬ 
tose, fructose and mannose. No acid 
from arabinose, xylose, amygdaUn, rham- 
nose, inositol, iqulin, dulcitol, adonitol, 
asparagine or starch. 

Source: From the pineapple (Ananas 
sativus) and sugar-cane (Saccharum offi- 
cinarum). 

Habitat: Causes a brown rot of the 
fruitlets of pineapple. 

16. Erwinia cytoljrtlca Chester. (Phy¬ 
topath., 58,1938, 431.) From Latin, cell 
dissolving. 

Rods: 0.6 to 0.7 by 2.5 to 3.5 microns. 
Singly or in pairs. Gram-negative. Mo¬ 
tile with peritrichous flagella. 

Gelatin: Slow liquefaction. 

Agar colonies: 2 to 3 mm in diameter, 
round, convex, moist, glistening, grayish- 
white, watery, translucent. Light 
brownish-yellow by transmitted light. 

Broth: Turbid. 

Milk: (Coagulated in 5 to 7 days. 
Slightly acid. Not digested. 

Nitrites produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not formed. 

Acetylmethylcarbinol: A slight reac¬ 
tion. 

Acid without gas from glucose, lactose, 
sucrose, rafflnose, mannitol, salicin and 
isodulcitol. No acid from fructose, arab¬ 
inose, xylose, glycerol and inulin. 

Starch hydrolyzed. 

Pectin dissolved. 

Asparagine, peptone, and ammonia 
used as nitrogen sources in synthetic 
medium plus glucose. Potassium nitrate 
not used. 

Optimum temperature 28® to 30®C. 
Growth at 37®C. Slow growth at 20®C 
and no growth at 8® to 10®C. 

Good growth at pH 6.8 to 7.3. Feeble 
growth at 5.0. No growth at 4.4. 

Aerobic and facultative anaerobic. 

Source: Several isolates from diseased 
dahlias in New York Botanical (harden. 

Habitat: (Causes a rot of the tuber and 
items of dahlias. 
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17. Erwinla aroideae (Townsend) Hol¬ 
land. (Bacillus aroideae Townsend, U. 
S. Dept. Agr., Bur. Plant Ind. Bull. 60, 
1904, 40; Holland, Jour. Bact., J, 1920, 
222; Bacterium aroideae Stapp, in Sor- 
auer, Handb. d. Pflanzenkr., 5 AuO., 
f, 1928, 41; Pectobacterium aroideae 
Waldee, Iowa State Coll. Jour. Sci., 19, 
1945, 472.) From Greek, pertaining to 
the family Araceae, 

Probable synonyms: Erwinia croci 
(Mizusawa) Magrou. (Bacillus croci 
Mizusawa, Kanag. Agr. Exp. Sta. Bull. 
51,1921, 1; Ann. Phytopath. Soc. Japan, 
/, 1923, 1; M^rou, in Hauduroy et al.. 
Diet. d. Bact. Path., 1937,204.) Attacks 
Crocus sativus, also onion. 

Erwinia melonis (Giddings) Holland. 
(Bacillus melonis Giddings, Vermont 
Agr. Exp. Sta. Bull. 148, 1910, 413; Hoi- 
land. Jour. Bact., 5, 1920, 222; Pectohac- 
terium melonis Waldee, Iowa State Coll. 
Jour. Sci., 19, 1945, 473.) E. F. Smith 
(An Introduction to Bact. Dis. of Plants, 
1920, 240) considered Erwinia melonis 
and Erwinia aroideae identical. Causes 
a soft rot of muskmelon. 

Erwinia papaveris (Ayyar) Magrou. 
(Bacillus papaveris Ayyar, Mem. Dept. 
Agr. India, Bact. Ser. 2,1927,29; Magrou, 
in Hauduroy et al.. Diet. d. Bact. Path., 
1937, 214.) The cause of a soft rot of the 
garden poppy. 

Rods: 0.5 by 2 to 3 microns, with 
rounded ends, occurring singly, in pairs 
and in fours, also in chains under certain 
conditions. Motile with peritrichous 
fiagella. No capsules. Gram-negative. 

Gelatin stab: Narrow infundibuliform 
liquefaction. 

Agar colonies: Circular to amoeboid, 
white, glistening. Borders sharp. Gran¬ 
ular structure. 

Agar slant: Growth white to grayish- 
white, moist, glistening. Medium not 
discolored. 

Broth: Turbid. 

Potato: Growth whitish, with tinge of 
yellow. Medium grayed. 

Litmus milk: Coagulated, acid, with 


separation of whey, not peptonized. 
Litmus reduced. 

Indole not formed. 

Nitrites produced from nitrates. 

Acetylmethylcarbinol produced. 

Methyl red negative (Dowson, Cent. f. 
Bakt., II Abt., 100, 1939, 183). 

Acid without gas from glucose, lactose, 
sucrose, maltose, mannitol, glycerol, 
fructose, rafiinose, arabinose and xylose. 
Growth in closed arm. 

Diastase slight. 

Hydrogen sulfide produced. 

Uschinsky*s solution: Good growth. 

No growth in nitrogen. Growth feeble 
in Ho and CO 2 . 

Temperature relations: Optimum 35®C. 
Minimum 6®C. Maximum 41 °C. Ther¬ 
mal death point 60°C for 10 minutes. 

Facultative anaerobe. 

Differential characters: See Erwinia 
carotovora, Massey (Phytopath., H, 
1924, 460) considered Erwinia aroideae 
and Erwinia caroiovora distinct species, 
though closely related. Link and Talia¬ 
ferro (Bot. Gazette, 85, 1928, 198) found 
them distinct serologically. Dowson 
(Ann. Appl. Biol., 28, 1941,102) differen¬ 
tiated them on their action on maltose 
and xylose. 

Source: From rotted calla lily. 

Habitat: Causes a soft rot of calla. 
Affects raw' potato, egg-plant, cauli¬ 
flower, radish, cucumber, cabbage, pars¬ 
nip, turnip, salsify, tomato (ripe and 
green). 

18. Erwinia mangiferae (Doidge) Ber- 
gey et al. (Bacillus mangiferae Doidge, 
Ann. Appl. Biol., 2, 1915,1; Bergey etal., 
Manual, 1st ed., 1923, 173.) Named for 
the genus, Mangifera, 

Rods: 0.6 by 1.5 microns, occurring 
singly and in chains, with rounded ends. 
Encapsulated. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin stab: Medium liqueBed in 10 
to 17 days. Growth yellow. 

Aggr colonies: Glistening, yellowish, 
undulate borders. 
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Agar slant: Growth yellow, glistening. 

Broth: Turbid, with yellow ring. 

Litmus milk: Slow coagulation at 
37^0. Slight acidity. Casein slowly 
dissolved. Litmus reduced. 

Potato: Growth spreading, glistening, 
yellowish. Medium not discolored. 

Indole formed in peptone solution. 
Phenol negative. 

Nitrites produced from nitrates. 

No H 2 S produced. 

No ammonia in broth. 

Feeble acid production without gas 
from glucose, lactose, sucrose, fructose 
and glycerol. No growth in closed arm 
with lactose and glycerol; more or less 
growth in closed arm with glucose, su¬ 
crose, fructose, maltose, raffinose and 
mannitol. 

Diastase not formed. 

Produces an enzyme capable of dis¬ 
solving the middle lamella but without 
action on cellulose. 

Cohn's solution: Slight turbidity. 

Uschinsky's solution: No growth. 

Fermis' solution with starch jelly: 
No growth. 

Pigment insoluble in water, alcohol, 
ether, chloroform or dilute acids. 

Temperature relations: Optimum 30®C. 
Minimum 5® to 6®C. Maximum 45®C. 
Thermal death point 60®C. 

Source: From the mango in Africa. 

Habitat: Causes a disease of the mango 
(Mangifera indica). 

19. Erwinia citrimaculans (Doidge) 
Magrou. {Bacillus citrimaculans Doidge, 
Ann. Appl. Biol., 5, 1917, 53; Bacterium 
citrimaculans Burgwitz, Phytopath. Bac¬ 
teria, Leningrad, 1935, 154; Magrou, in 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 203.) From the genus Citrus and 
Latin maculans, spotting. 

Rods: 0.45 to 0.7 by 0.8 to 3.2 microns. 
Motile with peritrichous flagella. Con¬ 
spicuous capsule present. Gram-posi¬ 
tive. Dowson thinks this species Gram¬ 
negative (Cent. f. Bakt., II Abt., tOO, 
1030, 184). 


Gelatin: Liquefied. 

Agar colonies: Subcircular, yellow, 
with dense grumose centers. 

Broth: Turbid, with pellicle and sedi¬ 
ment. 

Milk: Coagulated, with precipitation 
of casein and extrusion of whey. Not 
peptonized. Litmus gradually reduced. 

Blood serum: Not liquefied. 

Indole is formed. 

Nitrites produced from nitrates with 
evolution of gas. 

Ammonia produced in broth. 

Acid without visible gas from glucose, 
sucrose, fructose, galactose, maltose and 
mannitol. No acid from lactose, glyc¬ 
erol, dextrin or starch. 

Diastase not produced. 

Cohn's solution: No growth. 

Uschinsky’s solution: Growth present. 

No growth in broth over chloroform. 

Methylene blue and neutral red re¬ 
duced. 

Pigment insoluble in water, alcohol, 
ether, chloroform, carbon bisulfide, dilute 
acid or alkalis. 

A turbid growth is produced in 10 per 
cent salt. 

Temperature relations: Optimum 35®C. 
Maximum 43®C. Thermal death point 
62®C for 10 minutes. 

Facultative anaerobe. 

Source: From diseased lemons and 
oranges. 

Habitat: Causes a spot disease of 
citrus. In nature attacks lemons, or¬ 
anges, naarijes and has also been success¬ 
fully inoculated into limes, shaddock, 
grapefruit and citron. Seville oranges 
are resistant. 

20. Erwinia rhapontici (Millard) eomh. 
nor. {Phytomonas rhapontica Millard, 
Univ. Leeds and Yorkshire Council for 
Agr. Ed. Bui. 134, 1924, 111; Bacterium 
rhaponticum Millard, t6td.; Aplanobacter 
rhaponiicum Elliott, Man. Bact. Plant 
Path., 1930, 12.) From Greek Rha 
pontic^ rhubarb of Pontus, a province 
of Asia Min^r; M. L. Rheum rhaponiieum. 
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Description from Metcalfe, Ann. of 
Appl. Biol., 1940, 502, where he sug¬ 
gests it belongs in Erxvtnia, 

Hods: 0.5 to 0.8 by 1.2 to 1.5 microns. 
Motile with 3 to 7 ix'ritriclious flagella, 
(iram-negativc. 

Gelatin stab. Beaded growth. No 
liquefaction. 

Infusion agar ; ( olonies circular, con¬ 
vex, snio(ith, glistening, translucent, 
with margins entire, 2 to 3 mm in diam¬ 
eter in 48 hours at 25®C. 

Khulmrb agar: Colonies slightly larger, 
often with a yellowish tinge. 

Tryptophane broth: Turbid with frag¬ 
ile pellicle, a slight rim and slight floccu- 
lent deposit. 

Milk: Acid in 3 to 4 days with or with¬ 
out slight curd separation. No clotting. 

Indole not produced. 

Nitrites formed from nitrates. 

Acetylmethylcarbinol produced. 

No hydrogen sulfide produced. 

Cohn’s solution: Moderate growth. 

Acid but no gas from arabinose, xylose, 
glucose, galactose, fructose, mannose, 
lactose, maltose, sucrose, mannitol, glyc¬ 
erol and salicin. 

Grow'th in citrate solution. 

Starch not hydrolyzed. 

Chromogenesis: Water-soluble pinkish 
pigment in various media. 

Growth from 0®C to 37°C and possibly 
higher. 

Distinctive characters: Differs from 
Erwinia aroideae in that it does not 
liquify gelatin nor clot milk and is chro- 
mogenic. It also has a limited host range. 

Source: From rotting rhubarb crowns. 
Metcalfe used 6 isolates from various 
sources in describing the pathogen. 

Habitat: Causes a crown-rot of rhu¬ 
barb. 

21. Erwinia lathyri (Manns and Tau- 
benhaus) Holland. (Bacillus lathyri 
Manns and Taubenhaus, Gardener's 
Chronicle, 55, 1913, 215; Manns, Dela¬ 
ware Agr. Exp. Sta., Bui. 108, 1915, 23; 
Holland, Jour. Baot., 5, 1920, 218; Bac¬ 


terium lathyri Burgwitz, Phytopath. 
Bacteria, licningrad, 1935, 76.) From 
the genus Lathyrus. 

Rods: After 24 hours at 25® to 28®C, 
0.6 to 0.85 by 0.75 to 1.5 microns, wdth 
rounded ends. No capsules. Motile 
with ixjritrichous flagella. Gram-nega¬ 
tive. 

Gelatin eolonie.s: After 8 days, cir¬ 
cular, slightly conv(‘\, edges smooth. 
Liquefaction t(H) slow to show on plate. 

Gelatin stab* Growth best at surfnc(». 
Line of stab filiform. Iii(iU(‘fartion slow', 
fairly well begun in four weeks, complete* 
in three months. 

Agar coIonie.s: .Vfter 21 hours, yellow, 
stellate to am()el)oid, 8mfX)th, gliat(*ning, 
slightly raised, entire. Centers gran¬ 
ular, yellow. 

Agar slant: Growth filiform, slightly 
convex, smooth, glistening, opaque, buty- 
rous, light to deep yellow. Odor absent. 

Broth: Strong turbidity in 24 hours, 
little or no pellicle. Sediment scant. 

Litmus milk: Slow' increa.se of acidity, 
not always sufficient to cause (‘oagulation. 
Digestion of casein slow and variable. 

Potato: Growth rapid, filiform, slightly 
convex, smooth, glistening, butyrous to 
slightly viscid. Light U) deep yellow'. 
Medium not di.scolored. 

Indole is formed. 

Cohn's solution: No growth. 

Uschinsky^s solution: Rapid growth, 
sometimes a jx^Uicle. Fluid viscid. 

Asparagine solution : Good growth. 

Nitrites are not produced from ni¬ 
trates. 

Ammonia produced in broth and as¬ 
paragine solution. 

No gas from carbohydrates. Acid 
from glucose, lactose, sucrose, mannitol 
and glycerol. No growth in closed arm. 

Diastase not formed or extremely 
w'eak. 

Growth in broth over chloroform 
absent. 

Growth inhibited by 4 per cent NaCl. 
Temperature relations: Optimum 28* 
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to 30^C. Thermal death point 46* to 
48®C for 10 minutes. 

Aerobic. 

Source: From sweet peas. 

Habitat: Stated to be pathogenic for 
sweet pea (Lathyrua odoraiua) and other 
legumes. Considered by many to be a 
saprophyte. 

22. Erwinia lilil (Uyeda) Magrou. 
(Bacillus lilii Uyeda, by Bokura, Ann. 
Phytopath. Soc. Japan, /(2), 1919, 36; 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., 1937 , 210.) From Latin 
lilium, a name taken from the Greek but 
derived from the Celtic word li meaning 
white; M. L., generic name, Liltum. 

Translated by Marion Okimoto. 

Rods: 0.6 to 0.7 by 0.8 to 1.0 micron. 
No capsules. Motile with 6 to 8 peri- 
trichous flagella. Gram-po8itive(?). 

Gelatin: Liquefaction. 

Gelatin plate: Colonies after 2 days, 
round and smooth with grayish surface. 

Broth: Alkaline, ammonia produced. 

Milk: Curd formation. 

Indole produced. 

Nitrites produced from nitrates. 

Hydrogen sulfide produced. 

Sugar medium changes to a brown color. 

Conjac not utilized. 

Aerobic, facultative. 

Optimum temperature 32® to 34®C. 
Killed in 3 min. at 50®C. Resists—20®C 
for 30 min. 

Source: From brown spots on lily bulbs 
in Japan. 

Habitat: Causes a disease of lily bulbs 
and leaves. 

Appendix: The following additional 
species are found in the literature. 
Many are incompletely described. 

Bacillus brasaicatvoTus Delacroix. 
(Compt. rend. Acad. Sci., Paris, / 40 , 
1906, 1356.) Presumably causes a rot 
of cabbage. 

Bacillus fametianus Pavarino. (Atti 
R. Accad. Nas. Lincei Rend. Cl. Sci. 
Fia., Mat. e Nat., tO, 1911,238.) 

BadUus putrsifaeiens ptUridus Dela¬ 


croix. ' (Ann. Inst. Nat. Agron., 6,1906, 
154.) Pathogenic for tobacco. 

Bacillus aolaniperda Migula. (Syst. 
d. Bakt., 1900, 573; Bacillus krameri 
Chester, Man. Determ. Bact., 1901, 
282.) Causes a soft rot of potato. 

Bacillus spieckermanni Jaezewski. 
(Elliott, Bacterial Plant Diseases, 1935, 
67.) Name applied to a species de¬ 
scribed by Spieckermann (Landw. Jahrb., 
SI, 1902, 155) but left unnamed. 

Bacillus iabacivorua Delacroix. (Ann. 
Inst. Nat. Agron., 5, 1906, 266.) Said 
to cause collar rot of tobacco. 

Bacillus iabificana Delacroix. (Compt. 
rend. Acad. Sci., Paris, 1S7, 1903,871.) 
Said to cause spotting of tobacco leaves. 

Bacterium loehniai Kalantarian. 
(Kalantarian, Cent. f. Bakt., II Abt., 66, 
1925, 301; Phytomonas loehniaii Bergey 
et al.. Manual, 3rd ed., 1930,276.) From 
diseased cotton plants. Peritrichous. 

Bacterium lycopersici Burgwitz. 
(Ztschr. f. Pfianzenkr., 34, 1924, 304.) 
From a blossom end rot of tomato. 

Erwinia alliariae (Omori) Magrou. 
(Bacillua alliariae Omori, Official Gas. 
of Japan, 11, 1896, No. 3758; Magrou, in 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 195.) Causes a root rot of horse¬ 
radish. 

Erwinia araliavora (Uyeda) Magrou. 
(Bacillua araliavorua Uyeda, Bull. Imp. 
Agr. Exp. Sta. Tokyo, 35, 1909, 61; 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., 1937, 197.) Cf ises a root 
rot of ginseng. 

Erwinia aateracearum (Pav'arino) Ma¬ 
grou. (Bacillus aateracearum Paravino, 
Atti R. Accad. Naz. Lincei Rend. Cl. 
Sci. Fis., Mat. e Nat., Ser. 5, 21, 1912, 
544; Magrou, in Hauduroy et al., Diet, 
d. Bact. Path., 1937, 199.) Pathogenic 
for the aster (AsUr chinensis). 

Erwinia busaei (Migula) Magrou. (Ba¬ 
cillus B, Busse, Ztschr. f. Pflansenkr., 7, 
1897, 74; Bacilltis busaei Migula, Syst. d. 
Bakt., 2, 1900, 779; Bacillus betas Leh¬ 
mann and Neumann, Bakt. Diag., 4 Aufl., 
2, 1907, 599; not Bacillus betas Migula, 
Syst. d. Bakt., f, 1900, 779; Msgrou, in 
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Hauduroy et al., Diet. d. Bact. Path., 
1937, 200.) Pathogenic for the sugar 
beet. 

Erwinia caciidda (Johnston and Hitch> 
cock) Magrou. (B, cacticidus Johnston 
and Hitchcock, Trans, and Proc. Roy. 
Soc. South Australia, ^7, 1923, 162;' 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., 1937, 201.) Causes a rot of 
cactus. 

Erwinia edgeworthiae (Hori and 
Bokura) Magrou. (Bacillus edge- 
worihiae Hori and Bokura, Ideta Arata, 
Supplement to Handbook of the Plant 
Diseases of Japan, /, 1925, 32; Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
1937, 206.) Pathogenic on Edgeworlhia 
chrysaniha^ an oriental shrub. 

Erwinia ixiae (Severini) Magrou. 
(BaeiUus ixiae Severini, Annali di 
]^tanica, Rome, //, 1913, 413; Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
1937, 208.) Pathogenic on gladiolus and 
other bulbs. 

j&ru?ima nsfftoe (Welles) Magrou. (Ba- 
ciUus nelliae Welles, Philippine Jour. 
Sci., 90,1922, 279; Magrou, in Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 213.) 

Erwinia papayae (Rant) Magrou. 
(Bacillus papayas Rant, Cent. f. Bakt., 
II Abt., 84, 1931,483; Magrou, in Haudu- 
roy etal., Diet. d. Bact. Path., 1937,214.) 
Pathogenic on papaya. 

Erwinia sacchari Roldan. (Philippine 
Agric., 90, 1931, 256; Bacillus saccharum 
Roldan, idem; not Bacillus sacchari 


Janse, Mededeel. uit*s Lands. Planten- 
tuin, 9, 1891, 1.) 

Erwinia scabiegena (von Faber) Ma¬ 
grou. (Bacterium scabiegenum von Fa¬ 
ber, Arb. Kais. Biol. Anst. f. Land. u. 
Forstw., 5,1907,347; Bacillus scabiegenus 
Stapp, in ^rauer, Handb. d. Pflanzenkr., 
5 Aufl., 9,1928,103; Magrou, in Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 217.) 
Pathogenic for the beet (Beta vulgaris), 

Erwinia serbinowi (Potebnia) Magrou. 
(Bacterium heticola Serbinow, Zhurnal 
Bolezni Rastenii, 7, 1913, 237; not Bac¬ 
terium heticola Smith, Brown and Town¬ 
send, Bur. Plant Ind., U. S. Dept. Agr., 
Bui. 213, 1911, 194; Bacterium serbinowi 
Potebnia, Kharkov Prov. Agr. Exp. Sta., 
1, 1915, 1; Bacillus heticola Stapp, in 
Sorauer, Handb. d. Pflanzenkr., 5 Aufl., 
9, 1928, 93; Bacillus serbinowi Elliott, 
Man. of Bact. Plant Pathogens, 1930, 75; 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 217.) Pathogenic for 
the sugar beet. 

Erwinia uvae (Kruse) Magrou. (Ba- 
cillo della bacterosidei grappoli della 
vite, Cugini and Macchiati, Le Stazione 
sperimentali ital., 20, 1891,579; Bacillus 
uvae Kruse, in FlOgge, Die Mikroorganis- 
men, 3 Aufl., 9, 1896, 329; Bacterium 
uvae Chester, Ann. Rept. Del. Agr. Exp. 
Sta., 9, 1897 , 53 and 127; Magrou, in 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 220.) Pathogenic for the grape. 

, Erwinia vitavora du Plessis syn. C/os- 
tridium baccarinii Bergey et al.. Manual, 
1st ed., 1923, 328. 
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TBIBB 111. 8ERRATEAE BEROEY, BREED AND IfURRAl. 

(Preprint, Manual, 6th ed., October, 1938, vi.) 

Small, aerobic rods, usually producing a bright red or pink pigment on agar and 
gelatin. There is a single genus. 

QenuB I. Serratia Bitio emend. Brud and Breed.* 

(Bizio, Biblioteca italiana o sia Giornale de lettera, scienze e arti, 50, 1823, 288; 
Zaogalactina Sette, Suirarrossimento straordinario di alcune sostanze alimentoae 
osservato nella provincia di Padova I’anno 1819. Venezia, 1824, 51; Coeeobacteriwn 
Schmidt and Weis, Die Bakterien, 1902,10; ErythrobaciUus Fortineau, Compt. rend. 
Soc. Biol., Paris, 68, 1905, 104; Dicrohactrum Enderlein, Sitzber. Qesell. Naturf. 
Freunde, Berlin, 1917, 309; Breed and Breed, Cent. f. Bakt., II Abt., 71, 1927, 435.) 
Named for Serafino Serrati, the Italian physicist who invented a steam boat at Florence 
before 1787. 

Small, aerobic, rapidly liquefying, nitrate reducing. Gram-negative, peritrichous 
rods which produce characteristic red pigments. White to rose-red strains that lack 
brilliant colors are common. Coagulate and digest milk. Liquefy blood serum. 
Typical species produce CO 2 and frequently U 2 from glucose and other sugars; also 
acetic, formic, succinic and lactic acids, acetylmethylcarbinol and 2,3 butylene glycol. 
Saprophytic on decaying plant or even animal materials. 

The type species is Serratia marceBcens Bizio. 

Key to the epeeiee of genus Serratia. 

I. Pigment not especially water-soluble, readily soluble in alcohol. 

A. No visible gas from glucose. 

1. Inconspicuous pellicle, if any, on plain gelatin. 

1 . Serratia marcescens. 

2. Brilliant orange-red pellicle on plain gelatin. 

2. Serratia indica, 

B. Produce enough Ht with the COt from glucose to show gas in fermentation 

tubes. 

1. Acetylmethylcarbinol produced. 

3. Serratia plymuthieum. 

2. Acetylmethylcarbinol not produced. 

4. Serratia kilensie. 

II. Pigment soluble in water and alcohol. 

' 5. Serratia piecatorum. 


1. Serratia marcescens Bizio. (Po¬ 
lenta porporina, Biblioteca italiana, 90, 
1823,288.) From Latin, dissolving into a 
fluid or viscous matter. 

Synonyms: Zoagalaetina imetrofa 


Sette, Memoria storico-naturale sulP 
arrossimento straordinario di alcune 
sostanze alimentoae. Venezia, 8^, 1824, 
51; Protocoecus imetrophue Meneghini, 
18^, see Trevisan, Rend. R. Inst. Lomb. 


* Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, Nov., 1937; further revision by Prof. Robert S. Breed, Nov., 1945. 
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di Sci. e Let., Ser. 2, iO, 1887,797; Moruu 
prodigioia Ehrenbei^;, Bericht R. d. x. 
BekanntiDachung geeigneten Verhand- 
luDgen d. K^. preuss. Acad. d. Wissen- 
eehaften, 1849, 354; PdlmeUa prodigioaa 
Montague, Bui. Soc. nat. et cent. d. 
agric. Paris, S^. 2, 7,1853 ,527 ;Micraloa 
prodigioaa Za^dini, 1863, see Trevisan, 
toe. cit., 1887, 799; Bacteridium prodi- 
gioaum Sebroeter, in Cohn, BeitrSge z. 
Biol. d. Pflanzen, 1, Heft 2, 1872, 109; 
Micrococcua prodigioaua Cohn, ihid., 127; 
Bacillua prodigioaua Fliigge, Die Mikro> 
oiganismen, 1886, 284; Bacillua imetro- 
phua Trevisan, loc, ciL, 797; Bacillua 
marceacena De Toni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889,976; 
Bacterium prodigioaum Lehmann and 
Neumann, ^kt. Diag., 1 Aufl., f, 1896, 
259; Liquidobacterium prodigioaum Orla* 
Jensen, Cent. f. Bakt., II Abt., , 1909, 
339; Erythrobacillua prodigioaua Winslow 
et al.. Jour. Bact., J, 1920, 209; Dicro- 
bactrum prodigioaum Enderlein, Bak- 
terien Cyclogenie, 1925, 279; Salmonella 
marceacena and Salmonella prodigioaa 
Pribram, Jour. Bact., 18, 1929, 384; 
Chromobacierium prodigioaum Topley and 
Wilson, Principles of Bacteriology, If 
1931, 402. 

Description largely taken from Breed 
and Breed, Jour. Bact., 9, 1924, 545. 

Short rods, sometimes almost spherical: 
0.5 by 0.5 to 1.0 micron, occurring 
singly and occasionally in chains of 5 or 
6 elements. Motile, with four peri< 
trichous flagella. Eight to ten flagella 
on cells grown at 20® to 25®C (De Rossi, 
Rivista dTgiene, Ht 1903,000). Gram- 
negative. 

, Gelatin colonies: Thin, slightly granu- 
hti’i becoming red, circular, with 
subtly undulate margin. Liquefy the 
medium rather quickly. 

Gelatin stab: Infundibuliform lique¬ 
faction. Sediment in liquefied medium 
usually red on top, white in the depth. 

Agar colonies: Circular, thin, granular, 
white becoming red. R and S colonies 


with mucoid variants (Reed, Jour. Bact., 
54,1937,255). 

Agar slant: White, smooth, moist layer, 
taking on an orange-red to fuchsin color 
in three or four days, sometimes with 
metallic luster. 

Broth: Turbid, may form a red ring at 
surface or slight pellicle, and gray sedi¬ 
ment. 

Litmus milk: Acid reaction with soft 
coagulum. A red surface growth de¬ 
velops. Little or no digestion takes 
place. 

Potato: At first a white line appears, 
which rapidly turns red. The growth is 
luxuriant and frequently shows a metallic 
luster. 

Produces acetic, formic, succinic and 
levolactic acid, ethyl alcohol, acetyl- 
methylcarbinol, 2,3 butylene glycol, COt 
and a trace of Hs from glucose (Pederson 
and Breed, Jour. Bact., 15, 1928, 183). 

Grows poorly or not at all in distilled 
water containing urea, potassium chloride 
and glucose. 

Indole not produced. 

Nitrites produced from nitrates. 

Formation of HjS: Produced from cys¬ 
teine, cystine or organic sulfur com¬ 
pounds containing either of these mole¬ 
cules. Produced from sulfur but not 
from sulfites, sulfates or thiosulfates 
(Tarr, Biochem. Jour., 57, 1933, 1869; 
28, 1934, 192). 

Acetylmethylcarbinol is produced 
(Breed). 

Pigment soluble in alcohol,, ether, 
chloroform, benzol and carbon bisulfide 
(Schneider, Arb. Bakt. Hochsch. Karls¬ 
ruhe, 1,1894,210). Pigment may diffuse 
through the agar, i.e., shows solubility in 
water where strains are very deeply 
pigmented (Breed). Pigment not 
formed at 35®C. 

Sodium formate broth (Stark and 
England, Jour. Bact., 5P, 1935, 26): Cul¬ 
tures do not produce visible gas (Breed). 

Odor of trimethylamine is produced. 

Aerobic, facultative. 
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Optimum temperature 26^ to 30^0. 
No growth at 37®C. 

Source: Described by Bizio (ioc. di,) 
and Sette {loc. cii,) from growth on corn 
meal mush (polenta). 

Habitat : Water, soil, milk, foods, silk 
worms and other insects. 

2. Serratia Indica (Eisenberg) Bergey 
et al. {Bacillus indicua Eisenberg, 
Bakt. Diag., 1 Aufl., 1886, 1; Bacillus 
indicus ruber Flugge, Die Mikroorganis* 
men, 2 Aufl., 1886, 285; Micrococcus 
indicus Koch, Berichte ueber die Reise 
zur Erforschung der Cholera, 1887; 
Bacillus ruber indicus Kruse, in Flhgge, 
Die Mikroorganismen, 3 Aufl., f, 1896, 
302; Bacterium ruber indicus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 112; Erythrobacillus indicus Hol¬ 
land, Jour. Bact., 5, 1920, 218; Bergey 
et al.. Manual, Ist ed., 1923, 88; Breed 
and Breed, Jour. V)f Bact., /I, 1926, 76; 
Chromohacterium indicum Topley and 
Wilson, Princ. Bact. and Immun., 1, 
1931, 402.) From Ijatin indicus^ of 
India. 

Small rods: 0.5 by 1.0 to 1.5 microns. 
Motile with four peritrichous flagella. 
Gram-negative. 

Gelatin colonies: Resemble those of 
Serratia marcescens. 

Gelatin stab: Liquefied rather quickly. 
Brilliant orange-red pellicle on plain 
gelatin. 

Agar colonies: Pink, with slightly 
serrate margin, spreading, with green 
irridescence. 

Agar slant: Luxuriant, dirty-white 
layer. Pigment produced best in alka- 
Jine media. 

Broth: Turbid, with white sediment. 

Litmus milk: Acid and coagulated. 
Digestion complete in 10 days. 

Potato: Luxuriant growth with or with¬ 
out pigment formation. 

Produces same products (except Hs) 
from glucose as does Serratia marcescens 


(Pederson and Breed, Jour. Bact., 10, 
1028, 183). 

Indole not produced. 

Nitrites produced from nitrates. 

Growth with pigment production in 
distilled water containing urea, potassium 
chloride and glucose. 

Blood serum liquefied. 

Odor of trimethylamine. 

Sodium formate broth: Cultures do not 
produce visible gas (Breed). 

Pathogenic for laboratory animals. 

Acetylmethylcarbinol is produced 
(Breed). 

Aerobic, facultative. 

Optimum temperature 25^ to 35^C. 
No growth at 37®C. 

Cultures of this organism lose their 
ability to produce the orange-red pellicle 
on gelatin and then become practically 
indistinguishable from cultures of Ser¬ 
ratia marcescens. This would indicate 
that this so-called species is a rough 
strain of the former species (Breed). 
See Reed (Jour. Bact., 54,1937, fora 
discussion of dissociation phenomena in 
this genus. 

Source: Isolated from alimentary tract 
of a Java ape in India; also from milk 
can from Ithaca, N. Y. 

Habitat: Presumably widely dis¬ 
tributed. 

Apparently the following non-gelatin 
liquefying strain belongs with this spe¬ 
cies. Subcultures that are claimed to be 
derived from the original now liquefy 
gelatin. 

2a. Serratia miquelii Bergey et al. 
(Named Bacillus ruber by Miquel and 
described in a letter to Hefferan, Gent. f. 
Bakt., II Abt., 11, 1903, 402; Erythro¬ 
bacillus ruber Holland, Jour. Bact., 5, 
1920, 223; Bergey et al.. Manual, 1st ed., 
1923, 95.) 

Isolated from water by Miquel. 

3. Serratia plymuthicum (Lehmann 
and Neumann) Bergey et al. (Roter 
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Bacillus aus Plymouth, Fischer, Zeitschr. 
f. Hyg., F, 1887, 74; Bacterium ply- 
muthicum Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., F, 1896, 264; Bacillus 
plymouthensis Migula, Syst. d. Bakt., 
1900, 849; Erythrobacillus plymouthensis 
Holland, Jour. Bact., 5,1920, 220; Bergey 
et al., Manual, 1st ed., 1923, 88.) Latin¬ 
ized from Plymouth, England. 

Distinct rods: 0.6 by 1.5 to 2.0 microns 
with rounded ends, occurring singly and 
in short chains. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies; Like Serraiia mar- 
eescens. Original culture mucoid. 

Gelatin stab: Crateriform liquefaction. 
Liquefaction as in Serraiia marcescens. 

Agar colonies: Like mucoid varieties of 
Serraiia marcescens. 

Agar slant: Sometimes show metallic 
luster. Pigment as in Serratia marces- 
cens. 

Broth: Like Serratia marcescens. 

Litmus milk: Acid and coagulated. 

Potato: Growth violet pink, with or 
without metallic luster. 

Gas from glucose, lactose and sucrose, 
70 to 80 per cent of it COs. Remainder 
is Hs. Gas is also produced in asparagine 
solutions. 

Strong fecal odor produced. 

Blood serum liquefied. 

Aoetylmethylcarbinol is produced 
(Breed). 

Sodium formate broth: Cultures pro¬ 
duce abundant gas (Breed). 

Pigment soluble in alcohol, ether and 
sometimes water. 

Aerobic, facultative. 

Optimum temperature 30*’C. 

Source: From water supply of Ply¬ 
mouth, England. 

Habitat: Water and various foods. 

4. Serratia kilensis (Lehmann and 
Neumann) Bergey et al. (Bacterium 
h, Breunig, Inaug. Dies., Kiel, 1888; 
Bacillus ruber balticus Kruse, in FlUgge, 
Die Mikroorganismen, 3 Aufl., F, 1896, 
803; Baelerium httisnse Lehmann and 


Neumann, Bakt. Diag., 1 Aufl., 8, 1806, 
263; Bacterium ruber balticus Chester, 
Ann. Kept. Del. Col. .Agr. Exp. Sta., 
0, 1897, 142; Bacillus kiliensis Migula, 
Syst. d. Bakt., iS, 1900, 847; ErythrobaciU 
lus kiliensis Holland, Jour. Bact., 5, 1920, 
218; Bergey et al.. Manual, 1st ed., 1923, 
90; Chromobacterium kielense Topley and 
Wilson, Princip. Bact. and Immun., 1, 
1931, 400.) From Kiel, a city on the 
Baltic Sea. 

Description taken from Kruse (loc, 
dt.) and Bergey et al. (loc. cit,). 

Slender rods: 0.7 to 0.8 by 2.5 to 6.0 
microns, occurring singly. Motile with 
four peritrichous flagella. Gram-nega¬ 
tive. 

Deep gelatin colonies: Bright yellow. 
Gelatin liquefied slowly, usually becom¬ 
ing Tose-red. 

Glucose gelatin stab: Rapid liquefac¬ 
tion. Occasional gas bubbles (Breed). 

Agar colonies: Small, red becoming 
magenta, smooth. 

Agar slant: Bright red becoming darker 
in old cultures. 

Agar stab: Turbid strongly pigmented 
^ater of condensation. 

Broth: Turbid. Usually reddened. 

Litmus milk: Acid; at 20''C, coagulated 
slowly and pigment produced; at 35®C, 
coagulated rapidly and no pigment 
produced. 

Potato: Slight red growth, becoming 
luxuriant and darker. 

Indole not formed. 

Nitrites and free nitrogen produced 
from nitrates. 

Blood serum liquefied. 

Acid and gas from carbohydrates (Leh¬ 
mann and Neumann, loc, cit.). Gas 
from glucose, lactose and sucrose, 20 to 30 
per cent of it CO* (Bergey). Inactive 
lactic acid produced and not more than a 
trace of acetylmethylcarbinol or 2, 3 
butylene glycol (Pederson and Breed, 
Jour. Bact., 10, 1928,183). 

Sodium formate broth: Gas produced 
(Breed). 
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Acetylmethylcarbinol not produced 
by the Krdl culture (Breed). 

Pigment formed at 37^C. Pigment 
especially soluble in alcohol. 

Optimum temperature 30^0. 

Aerobic. 

Distinctive characters: It is not cer> 
tain whether Breunig’s original culture 
w&B a heavily pigmented strain of Serratia 
marcescenSf or whether it was of the type 
described above. Cultures of both types 
have been widely distributed as the Kiel 
bacillus. Descriptions drawn up by 
Kruse (Zoc. cit,) and Lehmann and Neu¬ 
mann (foe. cit,) in 1896 state that this 
bacterium produces visible gas^ while 
Migula in 1900 gives a description which 
fits Serratia marceecens. Moreover, cul¬ 
tures obtained under this name from 
various laboratories in Europe and Amer¬ 
ica are sometimes of one type and some¬ 
times of the other. As the Krdl culture 
distributed as Bacillus ruber balticua is 
widely known and has now been shown to 
differ from Serratia marcescens in that it 
is a distinct rod in ordinary media, forms 
visible gas from carbohydrates and even 
more abundant gas from sodium formate 
media, the name Serratia kilensis is used 
here for the Krdl culture. Serratia 
ktlensis is a distinct rod like Serratia 
plymuthicum^ but fails to produce acetyl¬ 
methylcarbinol. This use of the name 
Serratia kilensia given here also accords 
with the description drawn up by Bergey 
for the first edition of the Manual Imsed 
on the study of a culture which he ob¬ 
tained many years previously from Eu¬ 
rope (Breed). 

Source: From water at Kiel, Germany. 

Habitat: Presumably widely dis¬ 
tributed. 

5. Serratia piscatonim (Lehmann and 
Neumann) Breed. (Microbe rouge de la 
sardine, Du Bois Saint-Sdvrin, Ann. Inst. 
Past., 8f 1894,155; Bacterium piacatorum 
Lehmann and Neumann, Bakt. Diag., 1 
Aufl., F, 1896, 263; Bacillus ruber sardi- 
nae Kruse, in FlQgge, Die Mikroorgianis- 


men, 3 Aufl., f, 1896,302; Bacterium ruber 
aardinae Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., P, 1897, 112; Bacillus 
aardinae Migula, Syst. d. Bakt., f, 1900, 
852; Bacillus piaedtorus Chester, Man. 
Determ. Bact., 1901, 257.) From Latin 
piacatorum t of fishermen. 

Short rods: 0.5 by 0.6 micron, occur¬ 
ring in pairs, sometimes in fours or (in 
broth) in long filaments. Actively mo¬ 
tile . Gram-flegative. 

Gelatin colonies: Small, yellowish-gray 
becoming pink, very slimy. Carmine- 
red pellicle. Liquefaction. 

Gelatin stab: Rapid liquefaction. 
Grayish pellicle which becomes red after 
24 hours and later precipitates. Slimy. 

Agar colonies: Dull, w'hite to pinkish 
growth. 

Broth: Rapid turbidity. Thick, slimy, 
white pellicle which later turns red. 
Purplish sediment. Liquid becomes 
pink and syrupy. In old cultures the 
broth is brown. 

Potato: At 37® to 39®C, red pigment 
visible after 8 hours. At room tempera¬ 
tures growth is first white, slimy, later 
red. 

Strong odor of trimethylamine. 

Distinctive characters: Pigment sol¬ 
uble in alcohol, more soluble in water. 
Good pigment production at 37®C. Slimi- 
ness. 

Source: Isolated in 1893 from a box of 
oil-packed sardines at a canning-factory 
in France. Also found in the red pus 
from fishermen and sardine-factory- 
workers suffering from felons. In these 
lesions, this organism is associated with 
an anaerobe, but by itself it is not 
pathogenic. 

Habitat: Presumably widely dis¬ 
tributed. 

Appendix: Serratia marcescens has 
frequently been described under other 
names, particularly where brilliantly 
pigmented cultures have been found. 
Some of these and other related species 
are listed below. It is known that white 
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8tr»iii8 of theae organisms occur in nature 
but these strains when found have prob¬ 
ably been placed in non-chromogenic 
genera of the family Enterobacteriaceae, 

BaeiUua ruber Frank. (Frank, in 
Cohn, Beitr. s. Biol. d. Pflanz., /, Heft 
3, 1375, 181; not Bacillus ruber Zimmer- 
mann, Bakt. unserer Trink- u. Nutz- 
wisser, Chemnitz, f, 1890, 24; not 
Bacillus ruber Miquel, see Cent, f. Bakt., 
II Abt., 11, 1903, 402; Bacterium ruber 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. 8ta., 9, 1897,113.) Grew in a warm 
place on rice cooked in chicken broth. 

BqcUIus svbkiliensis Petrow. (Arb. 
bakt. Inst. Karlsruhe, F, Heft 3, 1902, 
273.) Dust contamination from air. 
Reported to resemble Bacillus kiliensis. 

Bacterium aurescens Parr. (Proc. Soc. 
Exp. Biol, and Med., 55, 1937, 563). A 
reddish-brown organism. This and the 
reddish-orange organism described by 
Tlttsler (Jour. Bact., 55, 1937, 450), 
which are regarded as pigmented vari¬ 
ants of Escherichia coli, resemble the 
organisms in Serratia closely but do not 
liquefy gelatin. From water. 

Serratia amylorvbra (Hefferan) Bergey 
et al. {Bacillus amyloruber Hefferan, 
Gent. f. Bakt., II Abt., 11, 1903, 313; 
ErythrobaciUus amyloruber Holland, Jour. 
Bact., 5,1920,217; Beigey et al.. Manual, 
1st ed., 1928, 90.) From Mississippi 
River water and buttermilk. 

Serratia esseyana Combe. (Th^se, 
fioole de M5d. Univ, Besangon, 1934, 1.) 
Fh>m weU water at Essey. A study of an 
authentic culture shows this to be Ser¬ 
ratia mareescens (Breed). 

Serratia fuehsina (Boekhout and De 
Vries) Bergey et al. {Bacillus fuchsinus 
BoeU^ut and DeVries, Cent. f. Bakt., 
II Abt., 4f 1898, 497; ErythrobaeiUus 
fuchsinus Holland, Jour. Bact., 5, 1920, 
218; Bergey et al., Manual, 1st ed., 1923, 
91.) BacUlus fuchsinus Migula. (Der 
rote Badllus, I^stig, Diag. d. Bakterien 
d. WaMsrs, 1893, 72; BUgula, Syst. d. 
Bakt., 5,1900,858.) Although these two 
oigaiiisiiis were named independently 


from different cultures, they were un¬ 
doubtedly identical. The original cul¬ 
tures of these species appear to have 
been heavy pigmented strains of Serratia 
mareescens showing a metallic luster. 
No authentic cultures are available. 
From water. 

Serratia gutturis Jan. (Bull. Soc. Sci. 
do Bretagne, 16, 1939, 34.) From spu¬ 
tum. Claimed to be different from 
Serratia mareescens on the ground that 
it will grow on an asparagine medium 
and that it reduces molybdates actively. 

Serratia marinorubra Zobell and Up- 
ham. (Bull. Scripps Inst. Oceanogra¬ 
phy, LaJolla, 5, 1944, 255.) From sea 
water. Grew only on sea water media 
when first isolated but later a culture 
studied by Breed (1944) became adapted 
to growth on ordinary media and then 
showed the characteristics of Serratia 
mareescens, 

Serratia miniacea (Zimmermann) Ber¬ 
gey et al. (Bacillus miniaceus Zimmer¬ 
mann, Die Bakterien unserer Trink- und 
Nutzwfisser, Chemnitz, 1, 1890, 46; 
ErythrobaciUus miniaceus Holland, Jour. 
Bact., 5,1920,219; Bergey et al., Manual, 
1st ed., 1923, 90.) Probably a heavily 
pigmented strain of Serratia mareescens 
or Serratia plymuthicum showing metallic 
luster. From water. 

Serratia pyoseptica (Fortineau) Ber¬ 
gey et al. (ErythrobaciUus pyosepticus 
Fortineau, Thesis, Faculty of Medicine, 
Paris, 1904; abstract in Bull. Inst. Pas¬ 
teur, 5, 1905, 13; Bergey et al., Manual, 
1st ed., 1923, 89.) No constant differ¬ 
ences have been detected between Ser¬ 
ratia mareescens and authentic cultures 
of Serratia pyoseptica. From the shirt 
of a hospital patient. Pathogenic for 
guinea pigs and birds. Forms a soluble 
toxin. 

Serratia rubidaea Sfapp. (Bacterium 
rubtdaeum Stapp, Cent. f. Bakt., II 
Abt., 105, 1940, 251; thid., 269.) From 
surface of plants and in composts. Char¬ 
acters much like those of Serratia 
mareeeeens. 



FAMILY ENTfiEOBAGTERlACEAE 


485 


/SerrcUia rutileacena (Hefferan) Bergey 
et aK (Bacillus rutilescens HcfTeran, 
Cent. f. Bakt., II Abt., 11, 1903, 313; 
Erythrobacillus rutilescens Holland, Jour. 
Bact., 6, 1920, 220; Bcrgcy ct al., Man¬ 
ual, Ist ed., 1923, 91.) The characters 
given do not distinguish this species from 
strains of Serratia marcescens that have 
nearly lost their power of pigment pro¬ 
duction except that it is reported to grow 
rapidly at 37®C. No authentic cultures 
appear to be available. From Mississippi 
River water. 

Serratia rutilis (Hefferan) Bergey ct al. 
(Bacillus rutilis Hefferan, Cent. f. 
Bakt., II Abt., 11, 10a3, 313; Eryihro^ 


bacillus rutilis Holland, Jour. Bact., 5, 
1920,220; Bergey et al., Ist ed., 1923, 9i.) 
The original of this species appears to 
have been a heavily j>igmented strain of 
Serratia marcescens or of Serratia ply- 
muthicum. No characters are given that 
distinguish it from these species and no 
cultures appear to be available. From 
Illinois River water. 

Serratia ster cor aria Jan. (Bull. Soc. 
Sci. de Bretagne, 16, 1939, 34.) From 
feces. Claimed to be different from 
Serratia marcescens because it attacks 
lactose, maltose and mannitol and 
reduces molybdates even more actively 
than Serratia gutturis. 
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TRIBE IV. PROTEAE CASTELLANI AND CHALMERS. 

(Manual of Trop. Med., 3rd ed., 1919, 932.) 

Ferments glucose but not lactose with formation of acid and usually visible gas. 
There is a single genus. 


Genus 1. Proteus Hauser,* 

(Hauser, Sitzber. d. phys.-med. Sozietat zu Erlangen, 1885, 156; Liquidobactcrium 
Jensen, Cent. f. Bakt., II Abt., 1909, 337; Spirilina Hueppe, Wiesbaden, 1886, 
146; Eisenbergia Enderlein, Sitzber. Ges. Naturf. Freunde, Berlin, 1917, 315.) From 
Latin, having a changeable form. 

Straight rods. Gram-negative. Generally actively motile at 25®C, motility may be 
weak or absent at 37®C, peritrichous, occasionally very numerous flagella. Generally 
produce amoeboid colonies, swarming phenomenon, on moist medium. Marked pleo- 
morphism characteristic only of very young, actively swarming cultures. Ferment 
glucose and usually sucrose but not lactose. Three species in fermentable carbohy¬ 
drates produce small gas volumes even after prolonged incubation and an occasional 
culture does not produce gas. One species usually produces acid only. Urea de¬ 
composed and trimethylamine oxide reduced by all species. 

The type species is Proteus vulgaris Hauser. 

Key to the species of genus Proteus. 

I. No action on mannitol. 

A. Acid and gas from sucrose. 

1. Acid and gas from maltose, 
a. Indole formed. 

1. Proteus vulgaris. 

B. Acid and gas from sucrose (delayed). 

1. No action on maltose. 

a. Indole not formed. 

2. Proteus rnirabilis. 

C. No action on sucrose (ordinarily). 

1. No action on maltose. 

a. Indole formed. 

3. Proteus morganii. 

II. Acid, occasionally a bubble of gas, from mannitol. 

A. Acid from sucrose (delayed). 

1. No action on maltose, 
a. Indole formed. 

4. Proteus rettgeri. 

1. Proteus vulgaris Hauser. (Hauser, Trevisan, I gencri e le specie delle Bat- 
Sitzungsber. d. phys.'mediz. Sozietat zu teriacee, 18^, 17; Bacterium vulgare 
Erlangen, 1885, 156; Bacillus proteus Lehmann and Neumann, Bakt. Diag., 


* Originaily revised by Prof. M. W. Yale, New York State Experiment Station, 
Geneva, New York, Nov., 1938; revised by Prof. C. A. Stuart and Dr. Robert Rusti- 
gian, Brown University, Providence, Rhode Island, May, 1943. 
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I Aufl., if 1890| 243; BocUIub proiem 
imlgaria Kruse, in Flligge, Die Mikro- 
organismen, 2, 1896, 272; Bacterium 
{Proteus) vulgaris Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 101 ; 
Bacillus vulgaris Migula, Syst. d. Bakt., 
2, 1900, 707; Bacterium proteus anin- 
dologenes van Loghem, Ann. Inst. Past., 
S2, 1918, 295; Bacillus proleus-vulgaris 
Holland, Jour. Bact., 5,1920,220.) From 
Latin, common. 

Hauser described Proteus vulgaris as a 
rapid gelatin liqucfier and Proteus mirabi- 
lis as a slow liquefier. Wenner and 
Rettger (Jour. Bact., 4, 1919, 332) found 
the prof)erty of liquefying gelatin too 
variable to serve as a basis for separation 
of species. They suggested that this 
differentiating character lx; set aside and 
the two species differentiated on the 
Ixisisof maltose fermentation, the species 
fermenting the sugar receiving the name 
Proteus vulgaris and the species failing 
to attack it, Proteus mirabilis. This 
suggestion was accepted by Bergey ct al.. 
Manual, Ist ed., 1923 and Weldin, Iowa 
Jour. Sci., /, 1927, 147; and their work 
was confirmed by Rustigian and Stuart 
(Jour. Bact., 45, 1943,198) and by Thorn¬ 
ton (Jour. Bact., 48, 1944, 123). Also 
see Moltke (Contributions to the Char¬ 
acterization and Systematic ("lassi heat ion 
of Bac. proteus vulgaris (Hauser), I^vin 
and Munksgaard, C<»penhagen, 1927, 
156). 

Rods: 0.5 to 1.0 by 1.0 to 3.0 microns, 
occurring singly, in pairs and frequently 
in long chains. Actively motile, with 
peritrichous flagella. Gram-negative. 

Gelatin colonies: Irregular, spreading, 
rapidly liquefying. 

Gelatin stab: Rapid, stratiform lique¬ 
faction. 

Agar colonies: Opaque, gray, spreading. 

Agiar slant: Thin, bluish-gray, spread¬ 
ing over entire surface. 

Broth: Marked turbidity, usually with 
a thin pellicle. 

Litmus milk: Slightly acid, becoming 


markedly alkaline. Quick peptoniza¬ 
tion. 

Potato: Abundant, creamy to yellow¬ 
ish-gray growth, becoming browm. 

Indole formed. 

Nitrites produced from nitrates. 

Acetylmethylcarbinol not formed. 

Acid and gas from glucose, fructose, 
galactose, maltose and sucrose. No acid 
or gas from dextrin, lactose or mannitol. 
See Moltke {loc. cit.) for other fermenta¬ 
tion characters. Ratio H 2 to COs is 
1:1 (Speck and Stark, Jour. Bact., 44t 
1942, 687). 

Putrefactive odor produced. 

Sodium citrate usually utilized as sole 
source of carbon. 

Formation of IloS: Produced from 
cysteine, cystine or organic sulfur com¬ 
pounds containing either of these mole¬ 
cules. Produced from sulfur and thio¬ 
sulfates (Tarr, Biochem. Jour., 27, 1933, 
1869; 28, 1934, 192). Ix^ad acetate 

turned brown. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Distinctive characters: X-Strains of 
Weil and Felix. Lehmann-Neumann- 
Breed,Determinative Bact., Eng. Trans., 
7th ed., 2, 1931, 493: “The discovery of 
proteus strains which may be aggluti¬ 
nated by typhus serum is of very great 
inqx>rtance. These are the so-called 
X-strains from typhus {xiticnts found by 
Weil and Felix. They first cultivated 
strains X and X-.. from the urine of typhus 
patients and later the famous X 19 . The 
two former were agglutinated weakly, the 
latter strongly (up to 1:50,000). The 
diagnosi.<( of typhus by agglutination with 
strain Xi 9 proved to be excellent and the 
reaction ttx>k place in the scrum 0 /almost 
100 per cent of those suffering from the 
disease. . . . The typhus strains of pro¬ 
teus have recently been divided into the 
two types of Felix and Weil, the H forms 
and the O forms. The former grow^ as a 
thin opaque film, the latter lacks this 
character and grow's as non-spreadini^ 
slimy colonies; frequently without dis* 
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tinot flagella... (For further de¬ 
scription of H and O forms see Moltke» 
loc. a<.) 

The Xs and Xi% strains mostly ferment 
maltose. 

Source: From putrid meat, infusions 
and abscesses. 

Habitat: Putrefying materials. 

2. Proteus mlrablUs Hauser. (Hau¬ 
ser, Sitsungsber. d. phys.-mediz. Soziet&t 
su Erlangen, 1885,156; BaeiUua mirabilis 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889,17; BaeiUua proieua mira- 
Mis Kruse, in Fltkgge, Die Mikroorganis- 
men, 8 Aufl., F, 1896, 276; Bacterium 
mirabilie Chester, Del. Coll. Agr. Exp. 
Sta., 9th Ann. Kept., 1897, 101; Bacillus 
pseudoramosus Migula, Syst. d. Bakt., 
f, 1900, 817; not Bacillus pseudoramosus 
DistasO, C^ent. f. Bakt., I Abt., Orig., 
6F, 1912, 441; Bacillus proteus^mirabilis 
Holland, Jour. Bact., 5,1920,220.) From 
Latin mirabilis, wonderful. 

Short rods: 0.5 to 0.6 by 1.0 to 3.0 
microns, occurring singly, in pairs and 
frequently in long chains. Motile, pos¬ 
sessing peritrichous flagella. Gram-neg- 
atiye. 

Gelatin colonies: Irregular, spreading. 

Gelatin stab: Slow, stratiform lique¬ 
faction. 

Agar colonies: Gray, irregular, spread¬ 
ing. 

Agar slant: Thin, bluish-gray, spread¬ 
ing over surface. 

Broth: Turbid, with thin gray pellicle 
and sediment. 

litmus milk: Slightly acid, becoming 
alkaline, peptonized. 

Potato: Dirty-gray, spreading growth. 

Indde not formed. 

Acetylmethylcarbinol frequently pro¬ 
duced weakly. 

Nitrites produced from nitrates. 

Add and gas from glucose, fructose 
and galactose. Acid and gas usually pro¬ 
duced slowly from sucrose. No acid or 
pm from iMtose, maltose, dextrin or 
mannitol. 


The XK strains are mostly maltose 
negative. 

Putrefactive odor produced. 

Hydrogen sulfide is produced. 

Sodium citrate usually utilized as a 
sole source of carbon. 

Aerobic, facultative. 

Optimum temperature 37*0. 

Source: From putrid meat, infusions 
and abscesses. Also reported as a cause 
of gastroenteritis (Cherry and Barnes, 
Amer. Jour. Pub. Health, 36, 1946, 
484). 

Habitat: Putrefying materials. 

3. Proteus morganll (Winslow et al.) 
Rauss. (Organism No. 1, Morgan, Brit. 
Med. Jour., Jf, 1906,9i)8; Bacillus morgani 
Winslow, Kligler and Rothberg, Jour. 
Bact., 4t 1919, 481; Bacterium morgani 
Holland, Jour. Bact., 5, 1920, 215; Bac¬ 
terium metacoli or Escherichia morgani 
Thj0tta, Jour. Inf. Die., 43, 1928, 349; 
Salmonella morgani Castellani and Chal¬ 
mers, Man. Trop. Med., 1919,939; Rauss, 
Jour. Path, and Bact., 4^, 1936, 183; 
MorganeUa morganii Fulton, Jour. Bact., 
46, 1943, 81; regarded by Fulton^s the 
type species of the genus MorganeUa,) 
Named for Morgan, who first isolated this 
organism. 

Common name: Morgan’s bacillus, 
type 1. 

Rods: 0.4 to 0.6 by 1.0 to 2.0 microns, 
occurring singly. Motile with peri¬ 
trichous flagella. See Rauss, loc, cit,, 
for discussion of flagellation and relation 
to the swarming characteristic. Gram¬ 
negative. 

Gelatin colonies: Bluish-gray, homoge¬ 
neous, smooth, entire. 

Gelatin stab: No liquefaction.. 

Agar colonies: Grayish or bluish-white, 
circular, entire. 

Agar slant: Grayish-white, smooth, 
glistening growth. 

Broth: Turbid. 

Litmus milk: Neutral, or becoming 
alkaline. 

Potato: Dirty-white, limited growth. 
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Indole is formed. 

Nitrites are produced from nitrates. 

Acetylmethylcarbinol not formed. 

Acid and a small amount of gas from 
glucose, fructose, galactose and man* 
nose. Rarely from xylose. Does not 
attack lactose, sucrose, maltose, arabi- 
nose, raffinose, dextrin, salicin, mannitol, 
dulcitol, sorbitol, adonitol or inositol. 

Hydrogen sulfide not produced. 

Sodium citrate not utilized as sole 
source of carbon. 

Aerobic, facultative 

Optimum temperature 37 ®C. 

Source: Isolated from the feces of 
infants with summer diarrhea. 

Habitat: In intestinal canal in normal 
or diarrheal stools. 

4. Proteus rettgeri (Hadley et al.) 
Rustigian and Stuart. {Bacierium rett¬ 
geri Hadley, Elkins and Caldwell, Rhode 
Island Agr. Exp. Sta. Bull. 174,1918,169; 
Bacilltis rettgeri St. John-Brooks and 
Rhodes, Jour. Path, and Bact., 1923, 
434; Eberthella rettgeri Bergey et al., 
Manual, 1st cd., 1923, 232; Shigella 
rettgeri Weldin, Iowa State College Jour. 
Sci., /, 1927, 181; Atypical enteric or¬ 
ganisms of the Shigella group. Cope 
and Kilander, Amer. Jour. Pub. Health, 
1942, 352; Proteus entericua Rustigian 
and Stuart, Jour. Bact., 4^, 1943, 198; 
Rustigian and Stuart, Proc. Soc. Exp. 
Biol, and Med., 55, 1943, 241.) Named 
for L. F. Rettger, the American bac¬ 
teriologist, who isolated this species in 
1904. 

Rods: 0.5 to 0.8 micron long, occurring 
singly, in pairs and occasionally in chains. 
Usually non-motile at 37®C, but actively 
motile variants possessing peritrichous 
flagella can be obtained at 25^C. Gram¬ 
negative. 

Gelatin colonies: Small, grayish, trans¬ 
lucent, entire. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, grayish, translu¬ 
cent, entire; under suitable conditions 
some strains show marked spreading. 


Agar slant: Filiform to echinulate, 
grayish, thin, moist, translucent. 

Broth: Turbid with flocculent' to 
viscid sediment. 

Litmus milk: Alkaline in eight days, 
becoming translucent. 

Potato: Luxuriant, grayish growth. 

Acid and occasioDally slight gas from 
glucose, fructose, galactose and mannitol. 
Salicin may or may not be fermented. 
Slow and sometimes weak acid in sucrose. 
Lactose and maltose not fermented. 

Indole is formed. 

Nitrites are produced from nitrates. 

Acetylmethylcarbinol not formed. 

Hydrogen sulfide not produced. 

Sodium citrate utilized as sole source 
of carbon. 

Aerobic, facultative. 

Optimum temperature 37^0. 

Source: Originally isolated from chol¬ 
era-like epidemic among chickens; re¬ 
cently isolated from sporadic and epi¬ 
demic gastroenteritis patients. 

Habitat: Fowl typhoid and some 
cholera-like diseases of birds. 

Appendix: Acceptance of gelatin lique¬ 
faction and fermentation of glucose and 
sucrose but not lactose as the cardinal 
characteristics of Proteus without ref¬ 
erence to urease production and small 
gas volumes has resulted in some cul¬ 
tures of Paracolobactrum (Borman et al., 
Jour. Bact., 48, 1944,361) being described 
as Proteus (Rustigian and Stuart, Jour. 
Bact., 48, 1945, 419). Included in the 
appendix are species of Proteus whose 
taxonomic position is not clear. Where 
descriptions permit, the probable taxo¬ 
nomic position of the organism is indi¬ 
cated. For purposes of reference, or¬ 
ganisms are also included which do not 
now merit species rank in the genus 
Proteus and organisms which will now be 
found in another genus. 

Bacillus agglomerans Beijerinek. 
(Botan. Zeitung, 46, 1888, 740 or 749.) 
From nodules on the roots of red clover. 
Colonies like those of ProUus. 



490 


MANUAL OP DETERMINATIVE BACTERIOLOGY 


Bacillus murisepticus pleomorpkus 
Karlinski. (Karlinski, Cent. f. Bakt., 

1889, 193; Proteus of Karlinski, Stern¬ 
berg, Man. of Bact., 1893, 460.) From a 
urine discharge and from abscesses in 
the uterus. Sternberg regards this spe¬ 
cies as probably identical with Proteus 
vulgaris Hauser. 

Flavobacterium meningitidis Hauduroy 
et al. (Bacillus luteus liquefacicns Hau¬ 
duroy, Duhamel, Ehringer and Mondin, 
Compt. rend. Soc. Biol., Paris, 110, 1932, 
362; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 236.) Related to this 
species but differing in that it ferments 
lactose is the following: Bacterium coli 
var. luteoliquefaciens Lehmann and 
I^evy, in Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., f, 1907, 344 (Bacillus coli 
var. luteoliquefaciens Hauduroy, Du- 
hamel, Ehringer and Mondin, loc. cit., 
1932, 363). 

Proteus alveicola Serbinow. (Jour. 
Microbiol., Petrograd, 2, 1915, 19.) 
From an infectious diarrhoea of honey 
bees (Apis melli/era). 

Proteus americanus Pacheco. (Scien- 
cia Medica, 1928.) From the blood 
of patients with liver abscesses. Assis 
(Brasil Medico, No. 42-45, 1934, 35), St. 
John-Brooks and Rhodes (3rd Internat. 
Cong, for Microbiology, Kept, of Proc., 
1939, 167), Rustigian and Stuart (Jour. 
Bact., 4^, 1943,198) and Thornton (Jour. 
Bact., 48, 1944, 123) agree that Proteus 
americanus is Proteus mirabilis. See 
Manual, 5th ed., 1939, 434 for a descrip¬ 
tion of this species. 

Proteus ammoniac Magath. (Magath, 
Jour. Inf. Dis., J5, 1928, 181; Salmonella 
ammoniae Hager and Magath, Jour. 
Amer. Med. Assn., 85, 1925,1352.) From 
urine in cystitis. St. John-Brooks and 
Rhodes (3rd Internat. Congr. for Micro¬ 
biology, Rept. of Proc., 1939,167), Levine 
(Jour. Bact., 48, 1942, 33), Rustigian and 
Stuart (Jour. Bact., 45, 1943, 198) and 
Thornton (Jour. Bact., 48, 1944, 123) 
agree that Proteus ammoniae is Proteus 
mirabilis. See Manual, 5th ed., 1939, 


434 for a description of this species. See 
Fulton, Jour. Bact., 51, 1946, 685 for the 
view that Proteus ammoniae is a valid 
species. 

Proteus bombycis Bergey et al. (A 
Gram-negative bacillus, Glaser, Jour. 
Bact., 9, 1924, 344; Bacterium bombyci- 
vorum Lehmann and Neumann, Bakt. 
Diag., 7 Aufl., 2, 1927, 445; Aerobacter 
bombycis Bergey et al.. Manual, 3rd ed., 
1930, 334; Bergey et al., Manual,.4th ed., 
1934, 365.) From diseased silk worms 
(Bombyx mori). Proteus bombycis ap¬ 
pears to be a strain of Paracolobactrum 
aerogenoides Borman et al. See Manual, 
5th ed., 1939,436 for a description of this 
species. 

Proteus diffluens (Castellani) Castel¬ 
lan! and Chalmers. (Bacillus diffluens 
Castellani, 1915; Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
943.) From gastroenteritis patients. 
This may be a biochemical variant of 
Proteus mirabilis. 

Proteus henricensis Shaw. (Sci., 65, 
1927, 477.) From putrefying materials. 
Said to be related to Proteus diffluens. 

Proteus infantum (Weldinand Levine) 
Weldin. (Dean, Med. Jour. Australia, 
1, 1920, 27; Bacterium infantum Weldin 
and Levine, Abst. Bact., 7, 1923, 13; 
Weldin, Iowa State Coll. Jour. Sci., 1, 
1926, 148.) From urine and feces of an 
infant. 

Proteus insecticolens Steinhaus. (Jour. 
Bact., 48, 1941, 763.) From the stom¬ 
ach of the milkweed bug (Oncopeltus 
fasciatus). This appears to be a strain 
of Paracolobactrum intermedium Borman 
et al. 

Proteus melanovogenes Miles and Hai¬ 
nan. (Jour. Hyg., 57, 1937, 79.) From 
eggs showing black rot. This does not 
appear to be a member of the genus 
Proteus. 

Proteus metadiffluens (Castellani) Cas¬ 
tellani and Chalmers. (Bacillus meta¬ 
diffluens Castellani, 1915; Castellani and 
Chalmers, Manual Trop. Med., 1919, 
943.) From gastroenteritis patients. 
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This cities not appt'ar to be a menibor of 
the genus Proteus. 

Proteus nadsonii Ix)bik. (UiseasoH of 
Plants, St. Petersburg, 9^ 1015, 67.) 
From decomposed potatoes and toma¬ 
toes. This tlocs not appear to lie a inem- 
lior of the genus Proteus. 

Proteus noctuarum (White) Hergey 
et al. {Bacillus noctuarum White, Jour. 
.\gr. Hes., 26, 10211, 18S; Escherichia 
noctuarii Hergey et al., Manual, 3rd ed., 
1030, 327; Hergey et al.. Manual, 4th 
ed., 1034, 363.) A cause of cutworm 
(Fain. Xoctuidae) seiitieemia. Cultur¬ 
ally identical with but serologically 
different from Proteus sphiugidis. 

Proteus odontns Pribram. (Bacterium 
aqnalilc odorous von Uigler, Hyg. Uund., 
12, 1002, 470; Pribram, Klassifikation 
der Schizomyceten, Ix^ipzig and Wien, 
1033, 73.) From Ixittled mineral waters. 
Aromatic odor in milk. 

Proteus paraamertcanus Mogalhaesand 
Aragao. (Hrasil Medico, 1033, 815.) 
From urine. Assis (Brasil Medico, No. 
42-15, 1034, 35) slates that this is Proteus 
mirabilis. 

Proteus paradijjlucus (Castellani) Cas- 
tellani and Chalmers. {Bacillus para- 
diffluens ('aatellani; Castellani and C/hal- 
mers, Manual Trop. Med., 3rd ed., 1010, 
943.) This appears to l)c identical with 
Proteus mirabilis. 

Proteus paramorganii Castellani and 
Chalmers. (Man. Trop. Med., 3rd ed.. 
1010, 043.) This is an 11 form of Proteus 
morganii. 

Proteus photuris Hrown. (Amer. Mu¬ 
seum Nov., No. 251, 1927, 9.) From 
luminous organ of the tire fly {Photuris 
pennsylvanicus) . This does not appear 
to be a member of the genus Proteus. 

Proteus piscicidus versicolor Habes and 
Rieglcr. (Halves and Rieglcr, Cent. f. 
Bakt., I Abt., Orig., S3, 1002-4)3, 449; 
Bacillus piscicidus versicolor Nepveux, 
Th^se, Fae. Pharm., F^ris, 1920, 114.) 
From diseased carp {Cyprinus carpio). 
Resembles Proteus vulgaris. 

Proteus pseudovaleriei Assis. (Jour. 
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llyg., 27, 1027, 108.) Uustigian and 
Stuart (Proc. Soc. Exper. Biol, and Med., 
SS, 1943, 241) state that this is a para¬ 
colon organism, presumably Paracolo- 
bactrum coliforme I^rman et al. See 
Manual, 5th ed., 1930, 435 for a descrip¬ 
tion of this HjH'cies. 

Proteus rccticolens Steinhaus. (Jour. 
Hact., 42 , 1941, 763.) From pylorus and 
rectum of the milkweed bug {Oncopeltus 
Jasciatus ). This appears to be a strain of 
Paracohibaetrum intermedium Borman 
et al. 

Proteus sphingidis (White) Hergey et 
al. {Bacillus sphingidis White, Jour. 
-Agr. Hes., 26, 1923, 49; Escherichia 
sphingidis Hergey et al.. Manual, 3rd 
ed., 1030, .327; Hergey et al.. Manual, 4th 
ed., 1034, .366.) .\ cause of hornworm 
septicemia {Protoparcc sexla Johan, 
and P. quinquemaculata Haw.). See 
Manual, 5th ed., 1939, 605 for a descrip¬ 
tion of this species. White (foe. cif.) 
regards this 8i>ccies as possibly identical 
with Coceohacillus aeridiorum d’Herelle. 

Proteus sulfurcus Holschewnikoff. 
(Holschewnikoff, Fortschr. d. Med., 7, 
1880, 201 and Ann. de Micixjgr., 1, 1888- 
1880, 257; Bacillus lindenborni Trevisan, 
I generi e le spc'cic dellc Batteriacee, 
1880, 17; Bacillus sulfureus Migula, 
Syst. d. Hakt., 2, 1900, 608; not Bacillus 
sulfurcus Trevisan, I generi e le specie 
(Idle Batteriacee, 1889, 17.) From wa¬ 
ter. Similar to or perliaps identical with 
Proteus vulgaris Hauser. Produces HjS. 

Proteus $p. Steinhaus. (Jour. Bact., 
42 , 1941, 764.) This organism appears 
to be a strain of Paracolobactrum inter¬ 
medium Borman et al. 

Proteus sp. Warren and Lamb. (Jour. 
Med. Res., 1924 , 375.) From feces 
and blood of patient with a fatal infec¬ 
tion. This organism does not appear 
to be a member of the genus Proteus. 

Urobacillus liquefaciens septicus 
Krogius. (Compt. rend. Soc. Biol., 
Paris, 2, 1890, 65.) Regarded by Leh¬ 
mann and Neumann (Bakt. Diag., 1 
Aufl., 2, 1896, 243) as a synonym of Pro¬ 
teus vulgaris. 
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TRIBE V. SALMONELLEAB BERQET, BREED AND MURRAY. 

(Preprint, Manual, 5th ed., October, 1938, vi.) 

Rods that are either motile with peritrichous flagella or non-motile. Attack 
numerous carbohydrates with the formation of acid, or acid and gas. Lactose, su¬ 
crose and salicin are not ordinarily attacked. Do not produce acetylmethylcarbinol. 
Gelatin not liquefied (exceptions have been noted, but are rare). Urea not hydro¬ 
lyzed. Milk not peptonized. No spreading growth on ordinary 2 to 3 per cent agar. 
Live in the bodies of warm-blooded animals, including man, occasionally in reptiles, 
and frequently in food eaten by these animals. 


Key to the genera of tribe Salmonelleae. 

I. Ferments glucose with the formation of acid and, with few exceptions, gas. 

Genus I. Salmonella^ p. 492. 

II. Ferments glucose with the formation of acid but, with rare exceptions, no gas. 

Genus II. Shigella^ p. 535. 


Genus /. Salmonella Lignihes.* 

(Rec. de m6d. v^t., S4r. 8, 7, 1900, 389.) 

Usually motile, but non-motile forms occur. Produce acid and gas from glucose, 
maltose, mannitol and sorbitol (except that in Salmonella typhosa and S, gallinarum 
no gas is produced). Lactose, sucrose and salicin not attacked. Do not clot milk, 
form indole or liquefy gelatin. Reduce trimethylamine oxide to trimethylamine.f 
All of the known species are pathogenic for warm-blooded animals, including man, 
causing food infections and enteric fevers. A few are found in reptiles. Some or all 
may also live in decomposing foods. 

Although fermentation of lactose, sucrose and salicin, formation of indole, gelatin 
liquefaction and failure to produce gas have been described for organisms serologi¬ 
cally belonging to Salmonella, the practical recognition of this genus and studies of 
its constituent species suggest that these be looked upon as exceptions which do not 
invalidate the biochemical definition of the genus. Serological definition of the 
limits of the genus is fraught with many practical and theoretical difficulties. In¬ 
deed, there is increasing evidence of antigenic affinities of varying degree between 
Escherichia, Salmonella and Shigella. This is well reviewed by Bernstein (Jour. 
Inununol., J^d, 1943,439). Within the limits of the genus Salmonella, serological rela- 


* Completely revised by Prof. Frederick Smith, McGill Univ.> Montreal, P. Q., 
Canada, December, 1938; further revision, 1946. Manuscript read by Dr. F. Kauff- 
mann. State Serum Institute, Copenhagen, Denmark and by Dr. Philip Edwards and 
Dr. D. W. Bruner, Agri. Exper. Sta., Lexington, Kentucky, May, 19^. These spe? 
cialists have also assisted in completing references and in compiling records of the 
distribution of types. 

t Wood and Baird, Jour. Fish. Res. Board Canada, 6, 1943,194. 





FAMILY ENTEROBACTERIACEAE 


493 


tioi^shipB are the chief means of identifying new strains. There is general dissatis¬ 
faction with the granting of species rank to each one of the rapidly mounting number 
of types. The purposes of the greater number of bacteriologists, however, will be 
best served for the present by listing the known types. 

There is a wide difference between the viewpoint of those who think of the sero¬ 
logical types recognized in this genus as species, e.g., Schtitze et al. (Jour. Hyg., 
1934,333) and the more recently expressed viewpoint of Borman, Stuart and Wheeler 
(Jour. Bact., 4^, 1944 , 351). The latter authors recognize only three species in the 
genus, Salmonella choleraesuu, S. typhoea and S. kauffmannii. In the second report 
by SchUtze et al. (Proc. 3rd Internat. Cong. Microbiol., New York, 1940,832) the so- 
called species listed in the first report by this Sub-committee are designated as types. 

Kauffmann, who recognizes nearly 150 serotypes in the group, nevertheless notes 
in a recent paper (Acta Path, et Microbiol. Scand., 1945,144) that five types are 
of special interest in the field of human medicine. Salmonella paratyphi A, Salmonella 
paratyphi B, Salmonella paratyphi C, Salmonella typhi and Salmonella aendai; and 
that six types are of special interest in the field of veterinary medicine, Salmonella 
typhimurium^ Scdnumella abortaaequit Salmonella abortaaovia, Salmonella cholerae* 
auiSj Salmonella enteritidis and Salmonella gallinarum-pullorum. 

The 150 or more serotypes are, in a way, comparable to the 50 or more serotypes of 
Diplococcua pneumoniae that are recognized on the basis of agglutination with im¬ 
mune scrums. The serological methods used have proved to be of fundamental value 
as they provide useful diagnostic procedures by means of which unknown cultures 
can be accurately and quickly identified. 

As the morphology, staining properties and physiology of the bacteria belonging 
to the various types are practically identical, only the antigenic structure, source 
and habitat (so far as the latter is known) have been recorded for the majority of the 
types listed. Even though there is much duplication, descriptions similar to those 
used elsewhere in the Manual are given for the eleven types that are of greatest 
interest. Special mention has also been made of unusual characters such as failure 
to produce gas from glucose, lactose fermentation, indole production and gelatin 
liquefaction. 

The nomenclature used for this group presents a special problem. It developed 
from labelings used for cultures. These were designated by the name of a patient, 
e.g., Thompson; by the name of the hospital where the patient was placed, e.g., Vir¬ 
chow, Bispebjerg; or more frequently by the name of the village, locality or city 
where the outbreak occurred or was studied, e.g., Borbeck, Altendorf, Tel Aviv. The 
names of states and larger areas have also been used, e.g., Kentucky, Italia, etc. 
Recently several types have been named in honor of well-known bacteriologists, e.g., 
Berta, Gaminara, Arechavaleta. As this useful laboratory labeling is not in the 
form ordinarily used by taxonomists, various suggestions have been made regarding 
the development of a binomial nomenclature comparable to that more generally used. 
None of these suggestions has been generally accepted as yet. For example, Haupt 
(Ergebnisse d. Hyg., IS, 1932,673) and others who have thought of the serotypes as 
species have added Latin endings to the place and other proper names that have been 
used, e.g.. Salmonella readingensia, S, roatockenaia, Schtitze et al. (Jour. Hyg., SI, 
1934, 333) accepted the view that the place and other names should be used in bi¬ 
nomials without adding Latin endings. Kauffmann (Ztschr. f. Hyg., ISO, 1938,193), 
on the other hand, has suggested that letters and numbers, e.g., SdlmoneUa B2, or 
even (Acta Path, et Microbiol. Scand., 1945, 147) the antigenic formula be used 
with the generic name, e.g.. Salmonella IV, V, XII... b ^ 1,2 ... instead of Sol- 
monelXa paratyphi B. 
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The nomenclature used in the present edition of the Manual is slightly modified 
from that used in the fifth edition. The form adopted is in accordance with the view 
that the recognition of similar antigenic structures really identifies serotypes rather 
than species. In a way, serotypes are varieties in a taxonomic sense, though like 
horticultural varieties in higher plants, they do not exactly correspond with varieties 
as usually defined by taxonomists. Where cultural differences rather than antigenic 
structure have been used to subdivide species, these subdivisions are designated as 
varieties. 

As it is not clear as yet how many and what species will eventually be recognized, 
the form Salmonella has been used as before to indicate that the serotypes belong 
to species in the genus Salmonella which are not yet definitely defined. Geographic 
and other proper names are used to designate types as these have been used exten¬ 
sively in the literature. They have an historic significance and are not as easily 
confused as arc letters and numbers. Xo Latin endings have been used for these 
place names as this might indicate that the serotype names are accepted as species 
names. 

The genus Eberthella has been combined with the genus Salmonella as recommended 
by Schtitze et al. (loc. ctL). With the exception of the typhoid organism, other 
species previously listed in Eberthella appear not to exist in type culture collections. 
As cultures are not available for study, these species are merely listed in an appendix 
to the genus Salmonella. 

The type species is Salmonella choleraesuis (Smith) Weldin. 

The table on pages 495 to 500 is used in place of the usual key. 
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1. SalnoiMlU (KAyser) Cas- 

tallani and Chalmers. (Boetenum para¬ 
typhi Typut A, Brion and Kayser, 
Mdnch. med. Wchnschr., 1902» 611; 
Bacterium paratyphi Kayser, Cent. f. 
Bakt., I Abt., Orig., St, 1902, 426; Ba- 
eillue paratyphoeue A Boycott, Jour. 
HyS'f 1906, 33; Bacillus paratyphi 
Winslow and Kligler, Jour. Bact., /, 
1916,81; Bacillus paratyphosus Winslow, 
Klii^er and Rothberg, Jour. Bact., 4, 
1919, 474; Salmonella paratyphi and 
Salmonella paratyphi A Castellani and 
Qhalmera, Man. Trop. Med., 3rd ed., 
1910, 938 and 939; Bacterium paraty- 
phosum A Holland, Jour. Bact., J, 1920, 
219.) From Latin para, like and typhus, 
typhoid. 

Hods: 0.6 by 3.0 to 4.0 microns, occur¬ 
ring singly. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Bluish-gray, homoge¬ 
neous, smooth, glistening, entire to 
slightly undulate. 

Gelatin stab: Fai r surface growth. No 
liquefaction. 

Agar colonies: Grayish, homogeneous, 
smooth, glistening, entire to slightly 
undulate. 

Agar slant: Filiform, grayish, smooth, 
glistening growth. 

• Broth: Turbid, with slight grayish 
sediment. 

Litmus milk: Slightly acid. 

Potato: Limited, dirty-white streak. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinose, maltose, 
trehalose, dextrin, glycerol, mannitol, 
dulcitol, rhamnose and sorbitol. No 
acid or gas from lactose, sucrose, rafii- 
nose, xylose, salicin, inulin, adonitol or 
inositol. 

Reduces trimethylamine oxide (Wood 
and Baird, Jour. Fish. Res. Bd. Canada, 
fl, 1943,198). 

No hydrogen sulfide formed. 

Aerobic, facultative. 

Optimum temperature 37*C. 


Antigenic structure: [1], II, XII:a.^. 
(Type Durazzo lacks I). 

Source: Isolated from enteric fever in 
man. Not known to be a natural patho¬ 
gen of animals. 

Habitat: A natural pathogen of man 
causing enteric fever. 

2. Salmonella schottmoellerl (Winslow 
et si.) Bergey et al. (Bacilli paraty- 
phique, Achard and Bensaude, Soc. 
M4d. des H6p. de Paris, 15, 1896, 679; 
Bacillus paratyphi alcaligenes Schott- 
mUller, Deutsche mcd. Wchnschr., 55, 
1900, 511; Bacterium paratyphi Typus 
B, Brion and Kayser, Mflnch. med. 
Wchnschr., i9, 1902, 611; Bacillus para¬ 
typhosus B Boycott, Jour. Hyg., 5,1906, 
33; Bacterium paraiyphosum B Le Blaye 
and Guggenheim, Manuel Pratique de 
Diag. Bact., 1914; Bacillus schottmUlleri 
Winslow, Kligler and Rothberg, Jour. 
Bact., 1919, 479; Salmonella paratyphi 
B Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 939; Bacterium 
schottmulleri Holland, Jour. Bact., 5, 
1920,222; included in Group IV of Hecht- 
Johansen, Copenhagen, 1923; Bergey et 
al.. Manual, 1st ed., 1923,213.) Named 
for Prof. SchottmUller who isolated this 
organism in 1899. 

Rods: 0.6 to 0.7 by 2.0 to 8.0 nucrons, 
occurring singly and in pairs. Motile 
with peritrichous flagella. Gram-nega¬ 
tive. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, circular, bluish- 
gray, transparent, homogeneous, entire 
to undulate. 

Broth: Turbid with thin gray pellicle 
and sediment. Fecal odor. 

Litmus milk: Slightly acid, becoming 
alkaline. 

Potato: Grayish-white, viscous 

growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinose, xylose, 
maltose, dextrin, trehalose, glycerol, 
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mannitol, dulcitol, sorbitol, rhamnose 
and inositol. No acid or gte from lac¬ 
tose, sucrose, inulin, salicin or adonitol 
and usually not from rafiinose. 

Reduces trimethylamine oxide (Wood 
and Baird, loc. ei(.). 

Hydrogen sulfide produced. 

Optimum temperature 37^0. 

Aerobic, facultative. 

Antigenic structure: [I], IV, [V],XII: 
b: [1,2]. . . . Some strains lack antigen V 
and some have I. 

Source: Isolated from cases of enteric 
fever in man. Not a natural pathogen 
of animals. 

Habitat: A natural pathogen of man 
causing enteric fever. Also found rarely 
in cattle, sheep, swine, low^er primates 
and chickens. 

3. Salmonella sp. (Type Abony). {Sal¬ 
monella abony Kauffmann, Acta Path, et 
Microbiol. Scand., 17, 1940, 1.) 

Antigenic structure: [1], IV, V, XII: 
b: e, n, x. . . . 

Source: Isolated by Kauffmann from 
a mixed culture of Salmonella abortus 
hovis sent to him by Dr. K. Rauss, Buda¬ 
pest. Later three additional cultures 
were received from Dr. Rauss. Original 
culture from the feces of a normal person. 

Habitat: All cultures thus far recog¬ 
nized have been from human sources. 

4. Salmonella typhimurium (Loeffler) 
Castellani and Chalmers. {Bacillus ty- 
phi murium LoeflSer, Cent. f. Bakt., 11, 
1802,192; Bacterium typhi murium Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. Sta., 
9, 1897, 70; Bacillus murium Migula, 
l^yst. d. Bakt., 2, 1900, 761; Castellani 
and Chalmers, ]^n. Trop. Med., 3rd 
ed., 1919, 939; Bacillus typhi-murium 
Holland, Jour. Bact., J, 1920, 221; Bac¬ 
terium typhi-murium Holland, idem; 
Bacillus enteritidis B, Typ, murium 
Januschke, Ztschr. f. Infektionskr. d. 
Hausticre, n, 1924, 182.) 

The following are regarded as syn¬ 
onyms of this organism: Salmonella 


psittacosis Castellani and Chalmers 
(Man. Trop. Med., 3rd ed., 1919, 939; 
Bacillus psittacosis Nocard, Conseil d. 
Hyg. Publique et Salubrity du Dept, 
du Seine, S^nce, March 24, 1893; Bac¬ 
terium psittacosis Le Blaye and Guggen¬ 
heim, Manuel Pratique de Diagnostic 
Bact^riologique, 1914); Salmonella aer- 
trycke Castellani and Chalmers (Man. 
Trop. Med., 3rd ed., 1919, 939; Bacillus 
aertrycke De Nobele, Ann. Soc. M4d. 
Gand., 72, 1898, 281; Bacillus para- 
aertrycke Castellani, Ann. di Med. Nav. 
e Colon., 11, 1914, 453; Bacterium aer¬ 
trycke Weldin and Levine, Abst. Bact., 
7, 1923, 13); Kaensche's Bacillus and 
Basenau’s Bacillus, Kaensche, Ztschr. 
f. Hyg., 22, 1896, 53; Bacillus pestis- 
caviae Wherry (Jour. Inf. Dis., 5, 1908, 
519; Bacillus cholera-caviae Wherry, 
Pub. Health Repts., November, 1908; 
Pasturella pestis-caviae Holland, Jour. 
Bact., 6, 1920, 219); Bacillus paratypho- 
sus B, Mutton type, Schlitze, Lancet, 1, 
1920, 93; Group VII of Hecht-Johansen, 
Copenhagen, 1923; Salmonella aertrycke 
Ibrahim and Schlitze, Brit. Jour. Exp. 
Path., 9, 1928, 353; Bacterium enteritidis 
Breslau and Salmonella breslau of Ger¬ 
man literature; Mouse-typhoid of many 
authors. Some strains are confused with 
Salmonella anatis because of their origin 
in ducklings, e.g., see Salmonella ana- 
tum var. aertrycke Olsen and Goetchins, 
Cornell Vet., 27, 1937 , 354. 

Hauduroy et al. (Diet. d. Bact. Path., 
Paris, 1937, 449) regard the following as 
synonyms of Salmonella aertrycke: Ba¬ 
cillus breslaviensis Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896 , 377; 
Bacterium breslaviensis Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
69; B. enteritidis breslaviense Berge, 
Deut. tierarztl. Wchnschr., 1926, 473; 
Salmonella meleagridis Rettger, Plas- 
tridge and Cameron, Jour. Inf. Dis., 53, 
1933, 279; Salmonella aertrycke var. 
meleagridis Cameron and Rettger, Jour. 
Bact., 27, 1934, 86. 

See Edwards and Bruner, Kentucky 
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Agr. Exp. Sta. Bull. 400, 1940, 43-70, 
for a discussion of this species. 

Rods: 0.5 by 1.0 to 1.5 microns, occur¬ 
ring singly. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Small, circular, gray¬ 
ish, granular, becoming yellowish-brown. 

Gelatin stab: Flat surface growth. 
No liquefaction. 

Agar colonies: Small, circular, grayish, 
entire to undulate. 

Agar slant: Filiform, grayish, moist, 
entire growth. 

Broth: Turbid. 

Litmus milk; Slightly acid, becoming 
alkaline. 

Potato: Grayish-white streak. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, arabinose, maltose, dextrin, 
mannitol, sorbitol and inositol. Acid 
from glycerol. No action on lactose, 
sucrose, raflinose, inulin, salicin or 
adonitol. 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cii.). 

Hydrogen sulfide produced. 

Optimum temperature 37®C. 

Aerobic, facultative. 

Antigenic structure: [I], IV, IV],XII: 
i: 1,2,3... 

Source; Isolated during a mouse ty¬ 
phoid epidemic in the Hygienic Institute 
of Greifswald, Germany. 

Habitat: Causes food-poisoning in 
man. A natural pathogen for all warm¬ 
blooded animals. This type occurs more 
frequently than any other type not con¬ 
fined to a specific host. Also found in 
snakes by Hinshaw and McNeil (Amer. 
Jour. Vet. Res., 6, 1945, 264). 

4a. Salmonella typhimurium (Type 
Binns). {Bacillus paratyphesus B Binns 
type, Schiktze, Lancet, 1,1920,93; Group 
VI of Hccht-Johansen, Copenhagen, 
1923; Typus-Hinns, KaufTmann, Zbl. f. d. 
ges. Hyg., 26, 1931, 273; Salmonella ty- 
phimuritm var. Copenhagen, KaufTmann, 


Ztschr. f. Hyg., 116, 1934, 368; Salmon¬ 
ella typhi-mvrium var. Binns, Schtltze 
ct al., Jour. Hyg., 54, 1934, 339; Sal¬ 
monella aertrycke var. Storrs, Edwards, 
Jour. Bact., SO, 1985, 471.) 

Morphology and cultural characters 
indistinguishable from those of Sal¬ 
monella typhimurium, except some 
strains ferment maltose late or are 
anaerogenic. 

Antigenic structure: [Ij, IV, XII: i: 
1, 2, 3 . . . (Edw^ards, Jour. Hyg., 55, 
1936, 348). Many colonies may be ex¬ 
amined before the specific phase flagellar 
antigen is demonstrated. Differs from 
Salmonella typhimurium in lacking anti¬ 
gen V. 

Source: Isolated by Dr. McNee from a 
case of food poisoning in man, France, 
1919. 

Habitat: Natural host the pigeon, and 
may infect other animals, including man. 

5. Salmonella sp. (Type Koln). {Sal¬ 
monella kdln Sieverd, Cent. f. Bakt., I 
Abt., Grig., 150, 1943, 52; Salmonella 
coeln KaufTmann, Acta Path, et Micro¬ 
biol. Scand., Suppl. 54, 1944 , 33.) 

Antigenic structure: IV, V, XII: v: 

1.2.3.. . 

Source: A single culture isolated from 
a human case of enteritis. 

Habitat: Not reported from other 
—sources as yet. 

6. Salmonella sp. (Type Stanley). 
{Bacillus paratyphosus B, Stanley type, 
Schtltze, Lancet, 1, 1920, 93; Salmonella 
stanleyi Haupt, Ergebnisse d. Hyg., IS, 
1932, 673; Salmonella Stanley type, 
WTiite, Med. Res. Council, Spec. Rept. 
Ser. 103, 1926, 19; Salmonella Stanley 
Warren and Scott, Jour. Hyg., 29, 1929, 
415; Typus Stanley, Kauffmann, Ztschr. 
Hyg., Ill, 1930, 210.) 

Antigenic structure: IV, V, XII: d: 

1 . 2 .. . 

Sburce: Isolated from cases of human 
food poisoning in Stanley, England by 
Hutchens (1917). 
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Habitat: Not known as a natural 
pathogen of animals. 

7. Salmonella sp. (Type Heidelberg)* 
(Bacterium enteritidis, Typus Heidel> 
^rg, Habs, Cent. f. Bakt., I Abt., Grig., 
ISO, 1933, 367; Salmonella Heidelberg 
Schutse et al., Jour, Hyg., 34,1934,340.) 

Antigenic structure: IV, V, XII: r: 
1, 2, 3 . . . 

Source: Isolated from cases of human 
food poisoning in Heidelberg, Germany. 

Habitat: Not known as a natural 
pathogen of animals. 

8. Salmonella sp. (Type Chester). 
(Salmonella cheater Kauffmann and Tes- 
dal, Ztschr. f. Hyg., ISO, 1937, 168.) 

Antigenic structure: IV, (VI, XII: e, 
h: e, n, X ... 

Source: Isolated by W. H. Grace, 
Chester, England, from gastroenteritis 
in man. Typed by Kauffmann and Tes- 
dal (loc.cit,). 

Habitat: Has usually been found in 
human feces. 

0. Salmonella sp. (Type San Diego). 
(Salmonella ean diego Kauffmann, Acta 
I^th. et Microbiol. Scand., 17, 1940,429.) 

Antigenic structure: IV, [V], XII: e, 
h: e, n, Zu .. . 

Source: Originally isolated from cul¬ 
tures sent to Dr. Kauffmann by Dr. K. F. 
Meyer who obtained them from an, out¬ 
break of food poisoning near San Diego, 
California. Also reported from Den¬ 
mark, Uruguay and Kentucky. 

Habitat: Usually has been isolated 
from human feces, but has been found 
in birds and other animals. 

10. Salmonella sp. (Type Salinas). 
(Salmonella ealinalie Edwards and 
Bruner, Jour. Bact., 44,1942,289.) 

Antigenic structure: IV, XII: d, e, h: 
d, e, n, Zis... 

By cultivation in semi-solid agar con- 
taining agglutinating serum for Sal¬ 


monella typhoaa, an organism having the 
antigenic formula for Salmonella sp. 
(Type San Diego) was isolated. 

Source: From rat feces collected by 
Dr. Henry Welch near Salinas, Cali¬ 
fornia. 

Habitat: Also found in normal human 
carriers. 

11. Salmonella sp. (Type Saint Paul). 
(Salmonella saint paul Edwards and 
Bruner, Jour. Inf. Dis., 66, 1940,220.) 

Antigenic structure: I, IV, V, XII: e, 
h: 1,2, 3. . . 

Source: A single culture isolated from 
the liver of a turkey poult by Dr. B. S. 
Pomeroy, St. Paul, Minnesota. Two 
cases in man. 

Habitat: Also reported from hogs. 

11a. Salmonella sp, (Type Zagreb). 
(Salmonella zagreb Kauffmann, Acta 
Path, et Microbiol. Scand., 17, 1940, 
351.) 

Antigenic structure: IV, V, XII: e, h: 

I, 2... . This is a minor type of No. 11. 
Source: Culture received by Dr. 

Kauffmann under the label S, reading 
from Dr. N. Cemozubov of Zagreb, 
Jugoslavia. 

Habitat: Not reported from other 
sources as yet. 

12. Salmonella sp. (Type Reading). 
(Bacillus paratyphosus B, Reading type, 
Schiitze, Lancet, 1, 1920, 93; Salmonella 
reading Schutze, Brit. Jour. Exp. Path., 

II, 1930,34; Typus Reading, Kauffmann, 
Zentbl. f. d. ges. Hyg., 35, 1931, 278; 
Salmonella readingensis Haupt, Ergeb- 
nisse d. Hyg., IS, 1932,673.) 

Antigenic structure: IV, XII: e, h: 
1, 5.... 

Source: Isolated from the Reading, 
England water supply by Dr. H. SchOtze. 
Also found in hogs (Edw'ards and Bruner, 
Jour. Inf. Dis., 73, 1943, 64). 

Habitat: A cause of gastroenteritis 
in man. 
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12a. SalnumMa tp. (Type Kaposvar). 
(Salmonella kapoevar Rause, Cent. f. 
Bakt., I Abt., Orig., U7, 1941, 263; also 
•ee Kauffmann, Die Bakteriologie der 
Salmonella-Gruppe, Kopenhagen, 1941, 
212 .) 

Antigenic structure: IV, V, XII: e, 
(h) 1, 6.. . . This is a minor type of 
No. 12. 

Source: From the feces of three mem¬ 
bers of a family suffering from gastro¬ 
enteritis. 

Habitat: Not reported from other 
sources as yet. 

13. Salmonella sp. (Type Kaapstad). 
(Salmonella reading var. kaapstad Hen¬ 
ning, Rhodes and Gordon-Johnstone, 
Onderstepoort Jour. Vet. Sci. Animal 
Ind., 16f 1941, 103; Salmonella kaapstad 
Kauffmann, Acta Path, et Microbiol. 
Scand., 19, 1942, 523.) 

Antigenic structure: IV, XII: e, h: 
1,7.... 

Source: From a child with meningitis. 

Habitat: Not known from other 
sources as yet. 

14. Salmonella sp. (Type Derby). (Ba- 
eiUue enteritidis Peckham, Jour. Hyg., 
If, 1923, 69; Derby type. Savage and 
White, Med. Res. Council Spec. Rept. 
Ser. 91, 1925, 19; Salmonella derby War¬ 
ren and Scott, Jour. Hyg., 19, 1929,415; 
Salmonella derhyeneis Haupt, Ergebnisse 
d. Hyg., IS, 1932, 673.) 

Antigenic structure: [I], IV, XII: 

f, fr-. 

Source: Isolated from tank water at 
Derby, England. 

Habitat: Widely distributed. Found ^ 
in human feces, lymph glands of hogs, * 
chickens, etc. 

16. Salmonella sp. (Type Essen). 
(Salmonella eeeen 17S Hohn and Herr¬ 
mann, Cent. f. Bakt., I Abt., Orig., 1S6, 
1986, 505.) 

Antigenic structure: IV,XII:g,m:-*-. 


Source: Isolated from the feces of an 
infant, Essen, Germany. 

Habitat: Known only from human 
sources. 

16. Salmonella sp. (Type Budapest). 
(Salmonella hudapest Rauss, Ztschr. f. 
Immunitatsf., 96, 1929, 489.) 

Antigenic structure: I, IV, XII: g, 
t:—. 

Source: Originally isolated in Buda¬ 
pest from 3 normal persons and from 3 
persons with enteric fever. 

Habitat: Known only from human 
sources. 

17. Salmonella sp. (Type California). 
(Salmonella California Edwards, Bruner 
and Hinshaw, Jour. Inf. Dis., 66, 1940, 
127; Hinshaw, Hilgardia, IS, 1941, 583.) 

Antigenic structure: IV, XII, g, m. 

Source: Six cultures isolated from in¬ 
fected turkey poults from California. 
The seventh culture was isolated from a 
turkey in a second outbreak of the infec¬ 
tion. Reported by Pomeroy and Fen- 
stermacher (Jour. Amer. Vet. Med. 
Assoc., 94f 1936, 90). Also found in 
hogs and man (Edwards and Bruner, 
Jour. Inf. Dis., 71, 1943, 64). 

Habitat: Also reported from chickens 
and ducks. Widely distributed. 

18. Salmonella sp. (Type Branden¬ 

burg). (Typus-Brandenburg, Kauff¬ 
mann and Mitsui, Ztschr. f. Hyg., lit, 
1930, 740; Kauffmann, Zentbl. f. d. gee. 
Hyg., S6, 1931, 273; Salmonella branden^ 
burgeneis Haupt, Ergebnisse d. Hyg., if, 
1932, 673; Salmonella brandenburg 

SchOtse et al.. Jour. Hyg., S4, 1934,540.) 

Antigenic structure: IV, XII: 1, ▼: 
e, n, III. .. . See Kauffmann, Ztschr. f. 
Hyg., 118, 1936, 540. 

Source: Isolated from a case of gastro- 
enteiitis at the Virchow Hospital of 
Berlin. 
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Habitat: Known only from human 
sources. 

19. Salmonella sp. (Type Bispebjerg). 
(JS€dmonella hiapehjerg Typus, Kauff- 
mann, Ztschr. f. Hyg., 118, 1936, 540.) 

Antigenic structure: I, IV, XII: a: 
e, n, X... . 

Source: Isolated from a case of gastro¬ 
enteritis at the Bispebjerg Hospital in 
C';-..nhagen. 

Habitat: Not reported from other 
sources as yet. 

20. Salmonella abortlvoequlna (Good 
and Corbett) Bergey et al. (Bacillus 
abcrltvtis eguinua Good and Corbett, 
Jour. Inf. Dis., IS, 1913, 53; Bacillus 
abortita equi Meyer and Boerner, Jour. 
Med. Res., £9, 1913, 330; Bacillus ahor- 
tivo-equinus Good and Corbett, Jour. 
Inf. Dis., 18, 1916, 586; Bacillus abortus 
squinus Weiss and Rice, Jour. Med. 
Res., S5, \9til, 403; Bacillus ahoriivus 
Winslow, Kligler and Rothberg, Jour. 
Bact., 4, 1919, 477; Bacillus abortuS’equi 
Holland, Jour. Bact., 6, 1929, 216; Bac¬ 
terium abortum-equi Holland, ibid,; Ber¬ 
gey et al.. Manual, 1st ed., 1923, 217; 
Bacillus enteriiidis B, Typ. equinus 
Januschke, Ztschr. f. Infektionskr. d. 
Haustiere, £9, 1924, 182; Salmonella 
aborius-equi Bergey et al.. Manual, 2nd 
ed., 1925, 236.) From Latin, aborting 
and equine. 

Antigenic structure: IV, XII: —: e, 
n, X.. . . 

Reduces trimethylamine o.xide (Wood 
and Baird, loc, cit.). 

Source: Isolated from afterbirth of 
mares that had aborted. 

Habitat: A natural pathogen of mares, 
causing abortion. Infectious for guinea 
pigs, rabbits, goats, cows, producing 
abortion. 

21. Salmonella sp. (Type Arechava- 
leta). (Salmonella arechavaleta Hor- 
maechc and Peluffo, quoted from Hor- 
maecbe et al.. Jour. Bact., 47, 1944, 323.) 


Named in honor of Prof. Arechavaleta 
of Uruguay. 

Antigenic structure: IV, [V], XII: a: 
1, 7. . . . 

Source: From a human case of gastro¬ 
enteritis. Also found by Dr. P. R. 
Edwards among cultures sent to him 
from the Canal Zone for identification. 

Habitat: Known only from human 
sources. 

22. Salmonella abortusovls (Lovell) 
Schtltze et al. (Bacillus paratyphi 
abortus ovis Schermer and Ehrlich, Cent, 
f. Bakt., I Abt., Ref., 75, 1922, 252; Ba¬ 
cillus enteritidis C, Typ. ovis Januschke, 
Ztsch. f. Infektionskr. d. Haustiere, £7, 
1924, 182; Bacterium abortus ovis Lovell, 
Jour. Path, and Bact., S4, 1931, 13; 
Typus-Abortus ovis, Kauffniann, Zent- 
Ibl. f. d. ges. Byg., 2S, 1931, 273; Schtitze 
et al., Jour. Hyg., S4, 1934, 340.) 

Antigenic structure: IV, XII: c: 1, 

6 . .. . 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cit.). 

Source: Isolated from cases of abortion 
in sheep. 

Habitat: Not kno^\n to infect any 
other animal. 

23. Salmonella sp. (Type Altendorf). 
(Salmonella altendorf Hohn, Cent. f. 
Bakt., I Abt., Grig., 146, 1940, 218.) 

Antigenic structure: IV, XII: c: 1, 

7. . . . 

Source: Isolated from a case of acute 
gastroenteritis from Altendorf, Ger¬ 
many. 

•Habitat: Not reported from other 
sources as yet. 

24. Salmonella sp. (Type Texas). 
(Salmonella lexas Watt, De Capito and 
Moran, U. S. Public Health Repts., 6£, 
1947, 808.) 

Antigenic structure: IV, V, XII: k: e, 
n, zi,. . . . 

Source: Isolated by Dr. JaRies Watt 
from the feces of a boy convalescing from 
diarrhoea. 
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Habitat: Not reported from other 
sources as yet. 

25. Salmonella abortusbovls Kauff> 
mann. (Kauffmann, Ztschr. £. Hyg., 
ItO, 1937, 194.) 

Antigenic structure: [I], IV, XXVII, 
XII: b: e, n, X. . . . 

Liquefies gelatin (Kaulfmann, Ztschr. 
f. Hyg., 117, 1936, 778). 

Source: Isolated and incompletely 
typed by li. Bernard, Ztschr. f. Hyg., 
117, 1935, 352. 

Habitat: Normally found in cattle, 
causing abortion. Occasionally occurs 
in man. 

26. Salmonella sp. (Type Bredeney). 
(Salmonella bredeney KaufTmann, Ztschr. 
f. Hyg., 119, 1937 , 356.) 

Antigenic structure: I, IV, [XXVIII, 
XII: 1, v: 1, 7. . . . 

Source; Found by Hohn and Herr¬ 
mann in Bredeney, Germany. Typed 
by KaufTmann (loc. cit.). From cases 
of human gastroenteritis and an abscess 
of lower jaw. 

Habitat* Isolated from human sources. 
Also found in normal hogs and chickens. 

27. Salmonella sp. (Type Schleiss- 
heim). (Salmonella schleissheim Kauff- 
mann and Tesdal, Ztschr. f. Hyg., 120, 
1937, 171.) 

Antigenic structure: IV, XXVII, XII: 
b, Z 12 : —. 

Liquefies gelatin (KaufTmann and 
Tesdal, loc. cit.). 

Source: Isolated by Hopfengartner 
(Mttnchcner tier&rz. Wchnschr., 1, 1929, 
185) in Schleissheim. From cattle. 
Typed by KaufTmann and Tesdal (loc. 
cit.). Also found by Tillmanns in the 
liver of a horse (Ztschr. f. Fleisch. u. 
Milch Hyg., SO, 1940, 109). Caused an 
outbreak of gastroenteritis in 30 persons 
(KaufTmann, Acta Path, et Microbiol. 
Scand., 17, 1940, 1). 

Habitat: Apparently widely dis¬ 
tributed. 

28. Salmonella sp. (Type Schwarsen- 


grund). (Salmonella echwarzengrund 
Kauffmann, Acta Path, et Microbiol. 
Scand., Suppl. 44, 1944, 34.) 

Antigenic structure: I, IV, XXVII, 
XII; d: 1,7. 

Source: A single culture isolated by 
Dr. J. Hohn from a human case of en¬ 
teritis that occurred in Schwarzengrund, 
near Breslau, Germany. 

Habitat: Not reported from other 
sources as yet. 

29. Salmonella hinchfeldil Weldin. 
(Bacillus paratyphosus fit Weil, Wien, 
klin. Wchnschr., SO, 1917, 1061; Bacillus 
erzinjan Neukirch, Ztschr. f. Hyg., 85, 
1918, 103; Paratyphoid C bacillus, 
Hirschfeld, I^ancet, 1, 1919, 296; “Para- 
C**, Mackie and Bowen, Jour. Roy. 
Army Med. Corps, SS, 1919,154; Bacillus 
paratyphosus C Andrewes and Neave, 
Brit. Jour. Exp. Path., 2, 1921, 157; 
Para typhus Ni, IwaschenzofT, Arch. f. 
Schiffs- u.Trop. Hyg., 30,1926,1; Weldin, 
Iowa Sta. Coll. Jour. Sci., 1, 1927, 161; 
Bacterium hirschfeldii Weldin, ibid., 161; 
Typus-Orient, KaufTmann, Zbl. f. d. 
ges. Hyg., 25, 1931, 273; Salmonella 
paratyphi C Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 939; 
Salmonella paratyphosus C Castellani 
and Chalmers, ibid., 952.) Named for 
Hirschfeld who worked with this 
organism. 

Rods: 0.3 to 0.5 by 1.0 to 2.5 microns, 
occurring singly. Motile with peritri- 
chouB flagella. Gram-negative. 

Gelatin colonics: Grayish, smooth, 
fiat, glistening, margin irregular. 

Gelatin stab: Flat, grayish surface 
growth. No liquefaction. 

Agar colonies: Grayish, moist, smooth, 
translucent. 

Broth: Turbid. 

Litmus milk: Slightly acid, becoming 
alkaline. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
maltose, arabinose, xylose, dextrin, 
trehalose, mannitol, dulcitol and sor¬ 
bitol. No action on lactose^ sucrose, 
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salicin, adonitol or inositol. Rarely 
may fail to form gas from sugars (Nabih, 
Jour. Hyg., J/, 1941, 39). 

Reduces trimethylamine oxide (Wood 
and Baird, loc. ctL). 

Hydrogen sulfide produced. 

Optimum temperature 37®C. 

Aerobic, facultative. 

Antigenic structure: VI, VII, [Vi): 
c:1.5. . . . 

Source: Isolated from cases of enteric 
fever in man. 

Habitat: A natural pathogen of man 
causing entei^c fever. 

30. Salmonella choleraesuls (Smith) 
Weldin. (Probably not the Bacillus of 
swine plague, Klein, Report of the Medi¬ 
cal Ofilcer of,the Local Gov. Bd., Eng¬ 
land, 1877-78, Supplement, p. 168; Bac- 
Urium of swine plague, Salmon, U. S. 
Dept. Agr. Bur. An. Ind. Ann. Rep., 
1885, 212; Bacterium of hog cholera, 
Salmon, t6id., 1886, 20; Bakterium der 
Schweinepest, Selander, Cent. f. Bakt., 
5, 1888, 361; Pasteurella salmoni Trevi- 
san, I generi e le specie delle Batteriacee, 
1889, 21; Bacterium ckolerae suis Th. 
Smith, U. S. Dept. Agr. Bur. An. Ind., 
Bull. 6, 1894, 9; Swine-feverbacillus, 
Klein, Cent. f. Bakt., I Abt., 18, 1895, 
105; Baeillus suipestifer Kruse, in 
FlOgge, Die Mikroorganismen, 3 Aufi., 
F, 1896, 401; Bacterium ckolerae suum 
Lehmann and Neumann, Bakt. Diag., 

1 Aufi., F, 1896, 233; Bacterium suipesti¬ 
fer Chester, Ann. Rept. Del. Col. Agr, 
Exp. Sta., 9, 1897, 70; Bacillus ckolerae 
euum Migula, Syst. d. Bakt., f, 1900, 
750; Le microbe du hog-cholera, Lig- 
ni^res. Bull. Soc. Cent. M^d. Vet., see 
Rec. de m5d. v5t., Paris, S4r. 8, 7,1900, 
389; BaciUus salmoni Chester, Manual 
Determ. Bact., 1901, 210; Bacterium 
iniestinaU suis Le Blaye and Guggen¬ 
heim, Manuel Pratique de Diagnostic 
Bacteriologique, 1914; Bacillus suis 
Krumadede, Kohn and Valentine, Jour. 
Med. Res., $8, 1918, 89; Bacterium 
(SalmoniUa) cholera suis Buchanan, 
Jour. Bact., 5, 1918, 53; Salmondla 


suipestifer Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 939; 
Bacillus ckolerae-suis Winsloa', Kligler 
and Rothberg, Jour. Bact., 1919, 476; 
Bacterium ckolerae-suis Holland, Jour. 
Bact., 5, 1920, 217; Bacillus paratypko- 
sus B (Arkansas type), SchOtze, Lancet, 
B, 1920, 93; included in Group I suipesti- 
fer, Andrewes and Neave, Brit. Jour. 
Exp. Path., f, 1921, 157; Weldin, Iowa 
Sta. Coll. Jour. Sci., 1, 1927, 155; Ty- 
pus suipestifer Amerika, Kauffmann, Zbl. 
f. d. ges. Hyg., FJ, 1931, 273; the Ameri¬ 
can Salmonella suipestifer of many 
authors.) From Latin, hog cholera. 

Salmonella ckoleraesuis (Smith) Wel¬ 
din is the type species of the genus Sal^ 
monella. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly. Motile arith four to 
five peritrichous flagella. Gram-nega¬ 
tive. 

Gelatin colonies: Grayish, smooth, 
flat, glistening; margin irregular. 

Gelatin stab: Flat, grayish surface 
growth. No liquefaction. 

Agar colonies: Grayish, moist, smooth, 
translucent. 

Agar slant: Grayish, moist, smooth, 
translucent growth. 

Broth: Turbid, with thin pellicle and 
grayish-white sediment. 

Litmus milk: Slightly acid, becoming 
alkaline, opalescent, translucent to yel¬ 
lowish-gray. 

Potato: Grayish-white streak becom¬ 
ing brownish. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, xylose, maltose, 
glycerol, mannitol, dulcitol, rhamnose, 
sorbitol and dextrin. Arabinose, inosi¬ 
tol, lactose, sucrose, salicin, inulin, 
raflinose and trehalose not attacked. 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cit.). 

Hydrogen sulfide not produced. 
Optimum temperature 37^0. 

Aerobic, facultative. 

Antigenic structure: VI, VII: c: 1, 
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5 .. . Serologically identical with Sah 
monella typhiauiSf and cross-aggluti- 
nates to a varying degree with a number 
of other serotypes. 

Habitat and source: Natural host the 
pig as an important secondary invader 
in the virus disease, hog cholera. Does 
not occur as a natural pathogen in other 
animals, although lethal for mice and 
rabbits on subcutaneous injection. Oc¬ 
casionally gives rise to acute gastro¬ 
enteritis and enteric fever in man. 

30a. Salmonella choleraeeuia var. Kun- 
zendorf Schtttze et al. 

The synonyms up to and including 
Wei din, 1927 for Salmonella choleraeauta 
apply equally well to the var. Kunzen- 
dorf, for these were not separated with 
certainty until 1926 (White, Med. Res. 
Council, London, Spec. Kep. Ser. 103, 
27). Re-examined serologically a num¬ 
ber of previously described strains agree 
with this variety. (Paratyphus C Ba¬ 
cillus, Heimann, Cent. f. Bakt., I Abt., 
Orig., 66, 1912, 211; Paratyphosus C, 
Weil and Saxl, Wien. klin. Wchnschr., 
30, 1917, 519; Typus-suipestifer Kun- 
sendorf, Pfeiler, Ztschr. f. Infektskr. d. 
Haust., 30, 1920, 218; Bacillus para- 
typhosus B, G. type, Schtitze, Lancet, 1, 
IWO, 93; Bacillus paratyphosus C, Dud¬ 
geon and Urquart, Lancet, f, 1920, 15; 
included in Group II suipestifer, An- 
drewes and Neave, Brit. Jour. Exp. 
Path., 3, 1921,157 and Group V of Hecht- 
Johansen, Copenhagen, 1923; Salmonella 
suipestifer (European variety) Schtttze, 
Brit. Jour. Exp. Path., 11, 1930 34; 
Typus-suipestifer Kunzendorf, Kauflf- 
mann, Zbl. f. d. gen. Hyg., 35, 1931, 273; 
Salmonella choleraesuis var. kunzen¬ 
dorf Schtttze et al., Jour. Hyg., 34, 1934, 
341; the European Salmonella suipestifer 
of many authors.) 

Indistinguishable from Salmonella 
choleraesuis in morphology and cultural 
characters, except that the Kunzendorf 
variety forms hydrogen sulfide. 

Antigenic structure: VI, VII: [c]; 1,5. 
Differs from SalmonMa choleraesuis in 


lacking the specific flagellar phase; 
serologically identical with Salmonella 
typhisuis var. voldagsen. 

Source: From pigs with swine fever 
and once from a monkey in captivity. 

Habitat: Causes acute gastro enteritis 
and enteric fever in man. Also found 
in cattle, sheep, carnivora and chickens. 

31. Salmonella typhisuis (Glasser) 
Schtttze et al. {Bacillus typhisuis Gl&i- 
ser, Deutsche tier&rztl. Wchnschr., 17, 
1909, 513; included in the Ferkeltyphus 
bacilli of German literature, Dammann 
and Stedefeder, Arch. f. wiss. u. prakt. 
Tierheilk., 36, 1910, 432; Bacillus 

gldsser Neukirch, Ztschr. f. Hyg., 86, 
1918, 103; Bacterium typhisuis Holland, 
Jour. Bact., 5, 1920, 221; included in 
Group I suipestifer, Andrewes and 
Neave, Brit. Jour. Exp. Path., 3, 1921, 
157; Typus-Gl&sser, Kauffmann, Zhl. 
f. d. ges. Hyg., 35, 1931, 273; Schtttze et 
al., Jour. Hyg., 34, 1934, 342.) From 
Greek, typhus and Latin, pig. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly. Motile with four to 
five peritrichous flagella. Gram-nega¬ 
tive. 

Gelatin colonies: Grayish, smooth, 
flat, glistening, edge entire. No lique¬ 
faction. 

Agar colonies: Grayish, moist, smooth, 
translucent. 

Broth: Turbid. 

Litmus milk: Slightly acid or neutral. 

Indole not formed. 

Nitrites produced from nitrates. 

Forms gas slowly and sparsely from all 
substances. Growth poor on all or¬ 
dinary media. 

Acid from arabinose, xylose and tre¬ 
halose. Delayed or variable fermenta¬ 
tion from dextrin, maltose, rhamnoee, 
dulcitol, sorbitol. Mannitol not fer^ 
mented or very slowly. Inositol not 
fermented. 

No HtS produced. 

Optimum temperature 37*C. 

Aerobic, facultative. 

Antigenic structure: Identical with 
SalmonsUa cholsraesuis, from which the 
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organism differs in respect to arabinose 
and trehalose. Antigenic structure VI, 
VII: c: 1, 5_ 

Habitat: Infects only the pig. 

31a. Salmonella typkisuis var. vol- 
dagsen SchQtze et al. (Included in 
Ferkeltyphus bacilli, Dammann and 
Stedefeder, Arch. f. wiss. u. prakt. 
Tierheilk., S6, 1910, 432; Bacillus voU 
dagsen Neukirch, Ztsrhr. f. Hyg., 
1918, 103; included in Group II suipesti- 
fer, Andrewes and Xeave, Brit. Jour. 
Exp. Path., 1921, 157; Typus-voldag- 
sen, Kauffmann, Zbl. f. d. ges. Hyg., 
1931, 273; Salmonella iyphisuis var. 
voldagseuy Schiitze et al., Jour. Ifyg., 34, 
1934, 342.) 

Morphology and cultural characters 
identical with those of Salmonella 
iyphisuis. 

Antigenic structure: V'l, VII: [c]: 1, 
5. . . . Identical with that of Salmonella 
choleraesuis var. Kunzendorf from which 
species the organism differs culturally. 

Habitat: Infects only the pig. 

32. Salmonella sp. (Type Thompson). 
(Thompson type of Salmonella j Scott, 
Jour. Hyg., 1925, 398; Typus-Thomp- 
son-Berlin, Kauffmann, Zbl. f. d. ges. 
Hyg., 35, 1931, 273; Salmonella ihompson 
Schtitze et al., Jour. Hyg., 34,1934, 343.) 
Named after the family involved in the 
outbreak. 

Antigenic structure, VI, VII: k: 
1,5.... 

Source: Isolated from food poisoning 
in man. Also found in chickens and 
turkeys (Edwards and Bruner, Jour. Inf. 
Dis., 73, 1943, 64). 

Habitat: Widely distributed in warm¬ 
blooded animals. 

32a. Salmonella sp. (Type Berlin) 
(Type Thompson). (Typus-Berlin, 
Kauffmann, Cent. f. Bakt., I Abt., Ref., 
94, 1929, 282; Typus C Berlin, Boecker 
and Kauffmann, Cent. f. Bakt., I Abt., 
Orig., 116, 1930, 458; Typus-Thompson- 
Berlin, Kauffmann, Zbl. f. d. ges. Hyg., 


35, 1931, 273; Salmonella ihompson var. 
herlin Schtitze et al.. Jour. Hyg., 34, 
1934, 343.) 

Antigenic structure: VI, VII: [k]: 1, 

5. . . . 

Source: Isolated from food poisoning 
in man. Not known to be a natural 
pathogen of animals. 

Habitat: A natural pathogen of man 
causing food poisoning. 

33. Salmonella sp. (Type Montevideo). 
{Salmonella montevideo Hormaeche and 
Peluffo, Arch. Urug. de Med., Cirug. y 
Espec., 3, 1936, 673.) 

Antigenic structure: VI, VII: g, m, 
s: —. 

Source: Originally isolated from hu¬ 
man sources in Montevideo from an ape 
that died of an enterocolitis, and mesen¬ 
teric glands of healthy hogs; also re¬ 
ported from chickens and powdered 
Gggs (Schneider, Food Research, 11, 
1946, 313). 

Habitat: Apparently widely dis¬ 
tributed. 

34. Salmonella sp. (Type Oranien- 
burg). (Typus-Oranienburg, Kauff¬ 
mann, Ztschr. f. Hyg., Ill, 1930, 223; 
Salmonella oranienburgensis Haupt, 
Ergebnisse der Hyg., J3, 1932, 673; 
Salmonella oranicnhurg Schtitze et al., 
Jour. Hyg., 34, 1934, 313.) 

Antigenic structure: VI, VII: m, t: —. 

Source: From the feces of a child in a 
children’s home near Oranienburg. La¬ 
ter isolated from gastroenteritis in man. 
Also from quail, chickens and powdered 
eggs (Schneider, loc. cit.). 

Habitat: Reported from human 
sources, from hogs and from birds. 

35. Salmonella sp. (Type Virchow). 
(Typus-Virchow’, Kauffmann, Ztschr. f. 
Hyg., Ill, 1930, 221; Salmonella vir- 
chowii Haupt, Ergebnisse der Hyg., IS, 
1932, 673; Salmonella virchow Schtitze et 
al.. Jour. Hyg., 34, 1934 , 343.) 

Antigenic structure: VI, VII: r: 1, 
2,3. ... 
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Source: Isolated from food poisoning 
in a man at the Rudolf Virchow Hospital 
in Berlin. 

Habitat: A natural pathogen of man 
causing food poisoning. 

36. Salmonella sp. (Type Oslo). (Sal¬ 
monella o$lo Tesdal, Ztschr. f. Hyg., 119, 
1937,461.) 

Antigenic structure: VI, VII: a: e, 
n, .\. . . . 

Source: Isolated in Oslo, Norway from 
cases of gastroenteritis in man. 

Habitat: Not reported from other 
sources as yet. 

37. Salmonella sp. (Type Amersfoort). 
(Salmonella amersfoort Henning, Jour. 
Hyg., 37,1937, 561.) 

Antigenic structure: VI, VII: d: e, 
n, X. . . . 

Source: Originally isolated from 
chickens from Amersfoort, Transvaal. 
Later found in a human mi.xed infection 
with Salmonella typhi murium. 

Habitat: Not reported from other 
sources as yet. 

38. Salmonella sp. (Type Braonderup). 
(Salmonella braenderup KaufTmann and 
Henningsen, Ztschr. f. Hyg., liSO, 1937, 
640.) 

Antigenic structure: VI, VII: e, h: 
c, n, Zi6. . . . 

Source: Isolated from a case of human 
gastroenteritis in Braenderup, Denmark. 
Also from a cat in the same home that 
had died from a diarrhoea. Reported 
later from So. Africa (see Kauffmann, 
Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 237). 

Habitat: Apparently widely dis¬ 
tributed. 

39. Salmonella sp. (Type Potsdam). 
(Typus-Potsdam, Kauffmann and 
Mitsui, Ztschr. f. Hyg., Ill, 1930, 740; 
Salmonella potsdamensis Haupt, Ergeb- 
nissc der Hyg., IS, 1932, 673; Salmonella 


potsdam Schtltze et al., Jour. Hyg., S4, 
1934, 343.) 

Antigenic structure: VI, VII: 1, v: 
e, n. Zis. . . . 

Source: Isolated from food poisoning 
in man at Potsdam*, Germany. 

Habitat: A natural pathogen of man 
causing food poisoning. 

40. Salmonella sp. (Type Bareilly). 
(Salmonella, Type Bareilly, Bridges and 
Scott, Jour. Roy. Army Med. Corps, 66, 
1931, 241; Salmonella bareilly SchOtze 
et al., Jour. Hyg., 34, 1934, 343.) 

Antigenic structure: VI, VII: y: 1, 

5 . . . . 

Source: Isolated in 1928 from cases of 
mild enteric fever that occurred in 
Bareilly, India. Also reported from 
chickens (Kauffmann, Die Bakteriologie 
der Salmonella-Gruppe, Kopenhagen, 
1942, 235). 

Habitat: A natural pathogen of man 
causing gastroenteritis and enteric fever. 
Widely distributed in fowls. 

41. Salmonella sp. (Type Hartford). 
(Salmonella hartford Edwards and 
Bruner, Jour. Inf. Dis., 69, 1941, 223.) 

Antigenic structure: VI, VII: y: 
e, n, .X. . . . 

Source: One culture isolated from the 
stool of a man with persistent diarrhoea 
by Dr. E. K. Borman, Hartford, Conn. 

Habitat: Not reported from other 
sources as yet. 

42. Salmonella sp. (Type Mikawa- 
sima*). (Salmonella bareilly var. mika- 
wasima Hatta, Japan Jbur. Exper. 
Med., 16, 1938, 201; Salmonella mikawa- 
sima Hormacchc, quoted from Schtitze 
et al., Proc. 3rd Internal. Cong. Mi¬ 
crobiol., 1940, 337; also see Kauffmann, 
Acta Path, ct Microbiol. Scand., 16, 1939, 
3*17 and ibid., 17, 1940, 429.) 

Antigenic structures: VI, VII: y: 
e, n, Zifi. . . . 

* Correct spelling according to Prof. 
Kojima. 
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Source: Isolated from a rat by Prof. 
Kojima and Prof, Hatta, 1937. 

Habitat: Not report^ from other 
sources as yet. 

43. Salmonella sp. (Type Tennessee). 
{Salmonella ienneeeee Bruner and Ed¬ 
wards, Proc. Soc. Exp. Biol, and Med., 
30, 1942, 174.) 

Antigenic structure: VI, VII: —. 

Source: Culture isolated from feces of 
normal carrier by Dr. W. C. Williams, 
State Dept, of Health, Nashville, 
'Tennessee. 

BUibitat: Also reported from turkeys 
and powdered egge. 

44. Salmonella sp. (Type Concord). 
(Salmonella var. concord Edwards and 
Hughes, Jour. Bact., 47, 1944, 574.) 

Antigenic structure: VI, VII: 1, v: 

1.2.3.. .. 

Source: Two cultures isolated by Dr. 
J. B. Beach and one by Dr. C. U. Duck¬ 
worth from fatal infections in chicks 
(U. S. A.) and one by Dr. Joan Taylor 
from the stool of a person affected with 
gastroenteritis (England). 

Habitat: Also reported from turkeys. 

46. Salmonella sp. (Type Infantis). 
(Salmonella infanlie Wheeler and Bor¬ 
man, Jour. Bact., 46, 1943,481.) 
Antigenic structure: VI, VII: r: 1, 

6 .. .. 

Source: Isolated at Hartford, Con- 
nacricut from the blood of an infant. 
Subsequently also from stools. 

Habitat: Not reported from other 
sources as yet. 

46. Salmonella sp. (Type Georgia). 
(Salmonella georgia Morris, Brim and 
tellers, Amer. Jour. Pub. Health, 54» 
1944, 1^9; Seligmann,.Saphra and Was- 
aennann, Amer. Jour. Hyg., 40 , 1944, 
227.) 

Antigenic structure: VI, VII: b: 
e, n, Si§.... 

Source: Isolated by Miss Jane Morris 


from the feces of a 16-year-old boy dur« 
ing routine examination of food handlers, 
State Dept, of Health, Atlanta, Georgia. 

Habitat: Not reported from other 
sources as yet. 

47. Salmonella sp. (Type Papua). 
(Salmonella papuana Wilcox, Edwards 
and Coates, Jour. Bact., 46, 1945, 514.) 

Antigenic structure: VI, VII: r: 
e, n, Zii.... 

Source: Isolated by Lt. Goldwasser 
from human feces from Port Moresby in 
Papua, New Guinea. 

^bitat: Not reported from other 
sources as yet. 

48. Salmonella sp. (Type Richmond). 
(Salmonella richmond Moran and Ed¬ 
wards, Proc. Soc. Exp. Biol, and Med., 
et, 1946, 294.) 

Antigenic structure: VI, VII: y: 1, 2, 
3. . . . 

Source: Isolated by Mr. Forest Spindle 
in Richmond, Virginia from the feces of 
a child affected with gastroenteritis. 

Habitat: Isolated as yet from human 
sources only. 

49. Salmonella sp. (Type Cardiff). 
(Salmonella Cardiff Taylor, Edward and 
Edwards, Brit. Med. Jour., 1945, i, 368.) 

Antigenic structure: VI, VII; k; 1, 

10 .. . . 

Source: Isolated from human case of 
gastroenteritis from Cardiff, Wales. 

Habitat: Isolated as yet from human 
sources only. 

50. Salmonella sp. (Type Daytona). 
(Salmonella daytona Moran and Ed¬ 
wards, Proc. Soc, Exp. Biol, ahd Med., 
eg, 1946, 294.) 

Antigenic structure: VI, VII; k: I, 
6, ... 

Source: Isolated by Mrs. Mildred Gal* 
ton from human feces from Daytona, 
Florida. 

Habitat: Not known from oilier 
sources as yet. 
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51. SalmonelU tp. (Type Newport). 
(Paratyphus fit, Weil and Saxl, Wien. 
Uin. Wchnschr., SO^ 1917, 510; Bacillua 
paratypho8U8 B, Newport type, SchUtze, 
Liancet, /, 1020,03; Paratyphus Newport 
Bacillus, KaufTmann, Cent. f. Bakt., I 
Abt., Ref., 94, 1020, 282; Salmonella 
newport SchOtze, Brit. Jour. Exp. Path., 
iJf, 1030, 34; Salmonella newportenaia 
Haupt, Ergebnisse der Hyg., 73, 1032, 
673.) 

Antigenic structure: VI, VIII: e, h: 

1.2.3.. .. 

Source: Isolated from food poisoning 
in man, Newport, England. 

Habitat: Widely distributed in man, 
cattle, hogs, chickens, etc. Also in 
snakes (Hinshaw* and McNeil, Amcr. 
Jour. Vet. Res., 3, 1945, 264). 

51a. Salmonella ap. (Type Puerto 
Rico) Kauffmann. (Jordan, Amer. 
Jour. Trop. Dis., 14, 1934 , 27; Kauff¬ 
mann, Cent. {. Bakt., I Abt., Grig., ISB, 
1034, 162; SchOtze et al., Jour. Hyg., S4, 
1034, 344.) 

Antigenic structure: VI, VIII: [e, hi: 
1,2, 3.... 

This is regarded as a non-specific 
variant of Salmonella ap. (Type New¬ 
port) by SchOtze et al. (Proc. 3rd In- 
temat. Cong. Microbiol., New York, 
1940, 833). 

52. Salmonella sp. (Type Pueris). 
(Salmonella pueria Wheeler and Borman, 
Jour. Bact., 46, 1043, 481.) 

Antigenic structure: VI, VIII: e, h; 

1 . 2 .. .. 

Source: Isolated at Hartford, Con¬ 
necticut from anal swabbings of a 14- 
year-old boy during an attack of gastro¬ 
enteritis complicating measles. 

Habitat: Not reported from other 
sources as yet. 

53. Salmonella ap. (Type Kottbus). 
(Salmonella newport var. koUbue Kauff¬ 


mann, Cent. f. Bakt., I Abt., Grig., IS6, 
1034, 162; Salmonella kotihue Sebtitze 
et al., Proc. 3rd Intemat. Microbiol. 
Cong., New York, 1940, 834.) 

Antigenic structure: VI, VIII: c, h: 

1, 5. . . . 

Source: From an acute case of gastro¬ 
enteritis in Kottbus, Denmark. 

Habitat: Not reported from other 
sources as yet. 

54. Salmonella sp. (Type Muenchen). 
(Typus MUnchen, Mandelbaum, Cent, 
f. Bakt., 1 Abt., Ref., 106, 1932, 377; 
Salmonella muenchen Schtitze et al.. 
Jour. Hyg., 34, 1934 , 344.) 

Antigenic structure: VI, VIII: d: 

1 , 2 .... 

Source: Isolated from a fatal case of 
enteric fever. 

Habitat: Widely distributed. Re¬ 
ported from man, rabbits, hogs, camels 
and chickens (Kauffmann, Die Bak- 
teriologie der Salmonella Gruppe, 1041, 
244). 

54a. Salmonella ap. (Type Oregon). 
(Salmonella Oregon Edwards and Bruner, 
Amer. Jour. Hyg., 84, 1941, 21.) 
Antigenic structure: VI, VIII: d: 1, 

2, 3. . . . 

Source: Six cultures, one isolated from 
a turkey by Dr. £. M. Dickinson and five 
from the mesenteric glands of apparently 
normal hogs by Dr. H. L. Rubin. This 
is a minor type of No. 54. 

Habitat: Also reported from reptiles, 
chickens and man. Also powdered eggs. 

55. Salmonella sp. (Type Manhattan). 
(Salmonella manhattan Edwards and 
Bruner, Amer. Jour. Hyg., 34, 1941, 21.) 

Antigenic structure: VI, VIII: d:, 
1,5... . 

Source: Two cultures, one isolated 
from a chicken by Dr. L. D. Bushnell, 
Manhattan, Kansas, and the other from 
a turkey by Dr. W. R. Hinshaw. Also 
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from reptiles, hogs and human sources 
(Edwards and Bruner, Jour. Inf. Dis., 
7f, 1942,64). 

Habitat: Apparently widely dis¬ 
tributed. 

56. Salmonella sp. (Type Litchfield). 
{Salmonella litchfield Edwards and Bru¬ 
ner, Jour. Inf. Dis., 66,1940, 220.) 

Antigenic structure: VI, VIII: 1, v: 
1,2,3.... 

Source: Isolated from the liver of a 
young turkey poult from Litchfield, 
Minnesota by Dr. B. S. Pomeroy. .Also 
isolated from a case of food poisoning in 
man by Miss Georgia Cooper. 

Habitat: Not reported from any other 
source, as yet. 

57. Salmonella morbificans (Migula) 
Haupt. {Bacillus bovis morbificans B&se- 
nau. Arch, f. Hyg., fO, 1894,257; Bacillus 
morbificans bovis Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aull., 1896, 380; 
Bacterium morbificans bovis Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 6, 
1897, 70; Bacillus morbificans Migula, 
Syst. d. Bakt., f, 1900, 747; Flavobac- 
terium morbificans Bergey et al., Manual, 
3rd cd., 1930, 147; Haupt, Ergebnisse 
der Hyg., IS, 1930, 673; Salmonella 
bovis-morbificans SchUtze et al., Jour. 
Hyg., 34, 1934, 344.) 

Antigenic structure: VI, VIII; r: 
1, 5. . . . 

Source: Originally isolated from a 
septicemia in a cow. 

Habitat: Also found in rabbits and in 
gastroenteritis in man. 

58. Salmonella sp. (Type Narashino). 
{Salmonella narashino Nakaguro and 
Yamashita, quoted from Kauffmann, 
Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 246.) 

Antigenic structure: VI, VIII: a: e, 
n, X.... 

Source: From the blood and feces of a 


person suffering from enteric fever. 
Found in Japan. 

Habitat: Not reported from other 
sources as yet. 

59. Salmonellasp. (Type Buenos Aires). 
{Salmonella bonariensis Monteverde, Na¬ 
ture, 149, 1942, 472.) 

Antigenic structure: VI, VIII: i: 
e,n,x. . . . 

Source: Isolated by Dr. Monteverde, 
Buenos Aires from a mesenteric gland 
of a normal hog. 

Habitat: Also reported from normal 
human carriers and from cases of gastro¬ 
enteritis. 

60. Salmonella sp. (Type Glostrup). 
{Salmonella glostrup Kauffmann and 
Henningsen, Acta Path, et Microb. 
Scand., 16, 1939, 99.) 

Antigenic structure: VI, VIII: Zio: e, 
n, Zii.. . . 

Source: Isolated from cases of gastro¬ 
enteritis in a family in Denmark. Also 
affected' their dog. Later isolated in 
Jugoslavia and in Palestine. 

Habitat: Evidently widely distributed. 

61. Salmonellasp. (TypeDuesseldorf). 
{Salmonella duesseldorf Hohn, ^nt. f. 
Bakt., I Abt., Grig., 146, 1940, 218.) 

Antigenic structure: VI, VIII: zi, Zui 

Source: Isolated from two patients, 
one of whom died. Found in Duessel¬ 
dorf, Germany. 

Habitat: Not reported from other 
sources as yet. 

62. Salmonellasp. (TypeTallahassee). 
{Salmonella iallahassee Moran and Ed¬ 
wards, Proc. Soc. Exp. Biol, and Med., 
62, 1946, 294.) 

Antigenic * structure; VI, VIII: u, 

ZllI —. 

Source: Isolated by Mrs. Mildred Gal- 
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ton from feces of gastroenteritis patients 
and from normal human carriers, Talla* 
hassee, Florida. 

Habitat: Not known from other 
sources. 

63. Salmonella sp. (Type Gatun). 
(Salmonella gaiuni Wilcox and Coates, 
Jour. Bact., 51, 1946 , 561.) 

Antigenic structure: VI, VIII: b: 
c, n, X. . . . 

Source: Isolated from human feces 
from Gatun, Canal Zone. 

Habitat: Not known from other 
sources as yet. 

64. Salmonella sp. (Type Amherst). 
(Salmonella amherstiana Edwards and 
Bruner, Jour. Immunol., 44, 1942 , 319.) 

Antigenic structure: (VIII): 1, v: 1, 

6 . . . . 

Source: Isolated by Dr. II. Van Iloekel 
from one of a group of poults affected 
with a fatal disease. 

Habitat: Not reported from other 
sources as yet. 

65. Salmonella * sp. (Type Virginia). 
(Salmonella Virginia Saphra and Sclig- 
mann, Proc. Soc. Exper. Biol, and Med., 
58, 1945, 50.) 

Antigenic structure: (VIII): d: —. 

Source: Isolated by F. Spindle, Rich¬ 
mond, Virginia from the feces of an adult 
person suffering from a diarrhoea. 

Habitat: Not known from other 
sources as yet. 

66. Salmonella typhosa (Zopf) White. 
(Bacillus des Abdominal-Typhus, 
Eberth, Arch. f. path. Anat., 81, 1880 
and 8S, 1881; Typhus bacillen, Gaffky, 
Mitteil. a. d. kaiserl. Gesundheitsamte, 
i, 1884, 372; Bacillus typhosus Zopf, Die 
Spaltpilze, 3 Aufl., 1885, 126; not Ba¬ 
cillus typhosus Klebs, Handbuch d. path. 
Anat., 1880; Bacillus typhi Schroeter, in 
Cohn, Kryptogamen Flora v. Schlesien, 


5, 1886, 165; Bacillus typhi ahdominalis 
Fliigge, Die Mikroorganismen, 2 Aufl., 
1886, 198; Vibrio typhosus Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
23; Bacterium typhi Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 73; 
Bacterium typhosum Tw’ort, Proc. Royal 
Soc., London, 79, B, 1907, 329; Acystia 
typhi Enderlein, Sitzber. Gesell. Naturf. 
Freunde, Berlin, 1917, 517; Bacterium 
(Eberthella) typhi Buchanan, Jour. 
Bact., S, i618, 53; Eberthus typhosus 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919 , 936; Eberthella 
typhi Bergey et al.. Manual, 1st ed., 
1923, 223; Eberthella typhosa Weldin, 
Iowa State College Jour. Sci., 1, 1927, 
170; Salmonella typhi Warren and Scott, 
Jour. Hyg., 29, 1930, 416; White, Jour. 
Hyg., 29, 1930, 443.) Named from the 
disease, typhoid fever. 

The species name typhosa should be 
used for the typhoid organism w’hen it 
is placed ifi any genus other than Ba¬ 
cillus in spite of the earlier use of this 
species name by Klebs for a different 
organism. There are two reasons for 
this: (a) This appears to be the proper 
course to follow' under International 
Rules of Nomenclature (See Art. 54, 
p. 54) and (b) there is less chance for con¬ 
fusion regarding the nature of this or¬ 
ganism among English-speaking persons 
w'ho may carelessly interpret typhi as the 
name of a typhus rather than a typhoid 
bacillus. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly, in pairs, occasionally 
short chains. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Grayish, transparent 
to opaque, with leaf-like surface 
markings. 

Gelatin stab: Thin, white, opalescent 
growth. No liquefaction. 

Agar colonies: Grayish, transparent 
to opaque. 

Agar slant: Whitish-gray, glistening, 
echinulate, entire to undulate growth 
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Broth: Turbid, moderate sediment 
and delicate pellicle in old cultures. 

Litmus milk: Slight, transient acidity, 
followed by a return to neutral or to 
slight alkalinity. 

Potato: Delicate, moist, slightly 
spreading, barely visible growth. 

Acid but no gas from glucose, fructose, 
galactose, xylose, maltose, rathnose, 
dextrin, glycerol, mannitol and sorbitol. 
No action on lactose, sucrose, inulin, 
rhamnose, inositol, salicin and usually 
arabinose and dulcitol. 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cit.). 

Indole not formed. 

No characteristic odor. 

Nitrites produced from nitrates. 

Hydrogen sulfide produced. 

Aerobic, facultative. 

Optimum temperature 37 ®C. 

Antigenic structure: IX, XII, (Vil: 
d: —. The somatic antigens are related 
to those of Salmonella enieritidis and a 
number of other species of Salmonella. 
V and W forms are present (Felix and 
Pitt, Jour. Path, and Bact., 58, 1934, 
409; Craigie and Brandon, Jour. Path, 
and Bact., 4S, 1936, 233 and 239). 
Craigie and Yen (Canadian Public 
Health Journal, 59, 1938, 448 and 484) 
by the action of selected Vi phages recog¬ 
nise eleven distinct stable types of 
SalfnaneUa typhosa which have been 
found to be of epidemiological impor¬ 
tance. 

Source: From the human intestine. 

Habitat: The cause of typhoid fever. 
Pathogenic for laboratory animals on 
parenteral injection. Isolated once 
from a chicken by Henning, Oitderste- 
poort, So. Africa. 

Note: This species has previously 
been regarded as the type species of the 
genus Eherthella Buchanan (Acystia 
Enderlein, Sitzber. Gesell. Naturf. 
Freunde, Berlin, 1917, 317; Buchanan, 
Jour. Bact., 5, 1918, 53; J^rthue Cas> 
tellani and Chalmers, Man. Trop. Med., 


3rd ed., 1919, 934; Lankoidee Castellani 
and Chalmers, ibid., 938; Weaenbergue 
Castellani and Chalmers, ibid,, 940.) 

67. Salmonella enteritldls (Gaertner) 
Castellani and Chalmers. {Bacillus an- 
ieritidia Gaertner, Correspond, d. Allge- 
mein. Artzl. Verein Thuringen, 17, 1888, 
573; Klebsiella enieritidis De Toni and 
Trevisan, in Saccardo, Sylloge Fun- 
gorum, 8.1889,923; Bacterium enteriiidia 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897 , 68; Bacillus gaertner 
Morgan, Brit. Med. Jour., 1, 1906, 1257; 
Castellani and Chalmers, Manual Trop. 
Med., 3rd ed., 1919,930.) Named for the 
disease, enteritis. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly, in pah's and occasion¬ 
ally in short chains. Motile with peri- 
trichous flagella. Gram-negative. 

Gelatin colonics: Circular, gray, trans¬ 
lucent, granular, entire. 

Gelatin stab: Abundant surface 
growth. No liquefaction. 

Agar colonies; Circular, gray, trans¬ 
lucent, moist, smooth, entire. Desko- 
witz and Buchbinder (Jour. Bact., 89, 
1935, 294) describe a variant that pro¬ 
duces a soluble yellow pigment where 
certain peptone is present in the agar. 
Antigenic structure not determined. 

Agar slant: Grayish-white, opalescent, 
smooth, moist, undulate growth. 

Broth: Turbid, with thin pellicle and 
grayish-white sediment. 

Litmus milk: Slightly acid, becoming 
alkaline, opalescent, translucent to yel¬ 
lowish-gray. 

Potato: Abundhnt, moist, yellowish- 
brown to browm growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinose, xylose, 
maltose, trehalose, dextrin, glycerol, 
mannitol, dulcitol and sorbitol. No acid 
or gas from lactose, sucrose, inulin, 
salicin, rafiinose, adonitol and inositol. 
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Reduces trimethylamine oxide (Wood 
and Baird, loc, cit.). 

Hydrogen sulfide produced. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37X. 

Antigenic structure: [1], IX, XII: 
g, m:—. 

Source: First isolated from feces in an 
epidemic of meat poisoning at Frankcn- 
hausen, Germany. 

Habitat: Widely distributed, occurring 
in man. Also in domestic and wild 
animals, particularly rodents. 

67a. Salmonella enteritidie var. 
Danyez, (Bahr, Deutsche tierarstl. 
Wchnschr., 1928, 786 and 1930, 145; 
Typus-G&rtner Ratin, Kauffmann, Zbl. 
f. d. ges. Hyg., f5, 1931, 273; Salmonella 
enteritidia var. danyaz^ Schtitze et al., 
Jour. Hyg,, 1934, 345; Salmonella 
danyaii Gay et al.. Agents of Disease and 
Host Resistance, 1935, 650.) 

Differs from Salmonella enteritidia 
only in its negative action on glycerol in 
Stern’s medium. 

Source: Isolated by Danysz in 1900. 

Habitat: A natural pathogen of ro¬ 
dents and man. 

67b. Salmonella enteritidia var. Chaco, 
(SavinoandMenendez, Rev. Inst. Bact., 
6,1934, 347; Kauffmann, Ztschr. f. Hyg., 
117, 1935, 401.) 

Differs from Salmonella enteritidia in 
its action on dulcitol when tested by the 
method of Bitter, Weigmann and Habs 
(Mffnch. med. Wchnschr., 75, 1926, 940.) 

Habitat and source: Isolated from 
cases of fever during the Chaco war. 
South America. 

67c. Salmonella enteritidia var, Eaaen, 
(Hohn and Herrmann, Cent. f. Bakt., 1 
Abt., Grig., 755, 1936, 183; ibid., ISA, 
1935, 277; Kauffmann, Ztschr. f. Hyg., 
7/7,1935,401.) 

Differs from Salmonella enteritidia 
when tested by the method of Bitter, 
Weigmann and Habs (MOnch. med« 


Wchnschr., 75, 1926, 940), giving a nega¬ 
tive reaction with arabinose and dulcitol. 

Habitat and source: Isolated from 
human gastroenteritis, ducks and duck 
eggs. 

Note: Jansen (Cent. f. Bakt., I Abt., 
Grig., 1S5, 1935, 421) states * that the 
organism named by him Salmonella 
enteritidia var. Mulkeim is in reality 
Salmonella enteritidia var. Eaaen. 

67d. Salmonella enteritidia var. Jena. 
(Fournier, Rev. Immunolog., Paris, 6, 
1940-41, 264.) 

Source: Isolated from purulent pleural 
fluid. 

Habitat: Not reported from other 
sources as yet. 

68. Salmonella sp. (Type Dublin). 
(Bacillua enteritidia Pesch, Cent. f. 
Bakt., I Abt., Grig., 9S, 1926,22; Dublin 
Type, White, Med. Res. Counc., Syst. 
of Bact., 4, 1929, 86 and White, Jour. 
Hyg., 29, 1930, 443; Salmonella dublin 
Warren and Scott, Jour. Hyg., 29, 1930, 
415; Typus-Dublin-Kiel, Kauffmann, 
Zbl. f. d. ges. Hyg., 26, 1931, 273; Sal¬ 
monella enteritidia var. dublin SchOtze 
et al., Jour. Hyg., 54,1934, 345.) 

Antigenic structure: I, IX, XII: g, 

p:—. 

Source: From meningitis in children 
(Pesch, loc. cit.). Also isolated by Dr. 
J. W. Bigger in Dublin, Eire from a fatal 
fever following a kidney operation. 
Typed by Dr. Bruce White (loc. cit.). 

Habitat: Found in man. A natural 
pathogen of cattle. Widely distributed 
in cattle and fo.xes. 

Two special fermentative t3rpes belong 
here: (1) Salmonella dublin 2 « Sal¬ 
monella dublin var. accra Kauffmann, 
(2) Salmonella dublin 5 « Salmonella 
dublin var. koeln Kauffmann (Die Bak- 
teriologie der Salmonella-Gruppe, Kop- 
enhagen, 1941, 252). 

69. Salmonella ap. (Type Roatock). 
(Gfartner-Poppe Typus, Bahr, Dtach. 
lierfirst. Wchnachr., 1930, 145; Typua 
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G&rtner-Rostock, Kauffmann, Ztschr. 
f. ^yg., 111, 1930,221; Salmonella enteri* 
tidis var. rostock SchOtze et al., S4, 1934, 
345; Salmonella rostockensis Haupt, 
Ergebnisse der Hyg., IS, 1932, 673.) 

Antigenic structure: I, IX, XII: g, 
p, u:—. 

Source: Originally isolated from cattle 
by Dr. Poppe in Rostock, Germany. 

Habitat: Not known to infect man. 

70. Salmonella sp. (Type Moscow). 
(Paratypus Ci, Weigmann, Cent. f. 
Bakt., I Abt., Orig., 97, 1925, Beiheft, 
299; Salmonella Type Moscow, Hicks, 
Jour. Hyg., S9, 1929, 446; Salmonella 
moscow Warren and Scott, Jour. Hyg., 
29, 1929, 446; Typus G&rtner-Moskow, 
Kauffmann, Ztschr. f. Hyg., Ill, 1930, 
229; Salmonella moscowaensis Haupt, 
Ergebnisse der Hyg., IS, 1932, 673; Sal¬ 
monella enteritidia var. moscow, Schtitze 
et al., S4, 1934, 345). 

Antigenic structure: IX, XII: g, q: —. 

Source: From patients with enteric 
fever. Isolated in Moscow, Russia. 

Habitat: Infects man, horses, cattle. 

71. Salmonella sp. (Type Blegdam). 
(Salmonella blegdam Kauffmann, Ztschr. 
f. Hyg., 117, 1935, 431.) 

Antigenic structure: IX, XII: g, 
m, q:~. 

Source: Isolated in 1929, at State 
Serum Institute, Copenhagen from the 
blood of a pneumonia patient. Also 
found in the blood of a patient by Dr. 
Fournier, in Shanghai, China (Kaufl> 
mann, Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 264). 

Habitat: Not reported from other 
sources as yet. 

72. Salmonella sp. (Type Betta). 
(Salmonella herta Hormaeche, Peluffo 
and Salsamendi, Arch. Urug. de Med., 
Cirug. y Espec., 12, 1938, 277.) Named 
in honor of Prof. Arnoldo Berta, Uru¬ 
guay. 

Antigenic structure: IX, XII: f, g, 
t:—. 


Source: Isolated from the mesenteric 
glands of normal hogs. 

Habitat: Causes gastroenteritis in 
man. Also found in chickens. 

73. Salmonella sp. (Type Pensacola). 
(Salmonella penaacola Moran and Ed¬ 
wards, Proc. Soc. E.\per. Biol, and Med., 
59, 1945, 52.) 

Antigenic structure: IX, XII: g, m, 
t:—. 

Source: From a severe case of gastro¬ 
enteritis in man. 

Habitat: Not reported from other 
sources as yet. 

74. Salmonella sp. (Type Claiborne). 
(Salmonella claibornei^Wilcox and Len¬ 
nox, Jour. Immunol., 49, 1944, 71.) 

Antigenic structure: I, IX, XII: k: 
1,5.... 

Source: Culture isolated from human 
feces at Camp Claiborne, Louisiana. 

Habitat: Not known from other 
sources as yet. 

75. Salmonella sp. (Type Sendai). 
(K type, Shimojo, quoted from Kauflf- 
mann. Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 265; Atypi¬ 
cal Paratyphosus A, Aoki and Sakai, 
Cent. f. Bakt., I Abt., Orig., 95, 1925, 
152; Sendai type. White, Med. Res, 
Council, Spec. Kept. Ser. No. 103, 1926, 
118; Salmonella sendaiensis Haupt, 
Ergebnisse der Hyg., 13, 1932, 673; 
Salmonella aendai Schtitze et al.. Jour. 
Hyg., 34, 1934, 345; Ebcrthella ap. 
(Sendai Type) F. Smith, in Manual, 5th 
ed., 1939, 464.) 

Antigenic structure: [II, IX, XII: a: 
1, 5. . . . 

Source: Isolated in 1922 by K. Shimojo 
in Japan from a case of paratyphoid. 
Later isolated by Aoki and Sakoi from 
feces, urine and blood of typhoid pa¬ 
tients. 

Habitat: A natural pathogen of man 
causing enteric fever. 
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76. Salmonella ap. (Type Miami). 
(Salmonella miami Edwards and Moran, 
Jour. Bact., 60^ 1945, 259.) 

Antigenic structure: IX, XII: a: 1, 

5 . . . . 

Differ culturally and biochemically 
from organisms of Sendai Type (Ed¬ 
wards and Moran, Jour. Bact., 50, 
1945, 257). 

Source: Twenty-four cultures isolated 
by Mrs. Mildred Galton in Florida. 
Fourteen cultures were from cases of 
acute gastroenteritis, one from a patient 
with chronic diarrhoea, 4 from food 
handlers, 4 from chimpanzees thought 
to be affected with bacillary dysentery 
and one from pickles which caused an 
outbreak of food poisoning. One cul¬ 
ture was from Borman, Wheeler, West 
and Mickle (Amor. Jour. Pub. Health, 
SS, 1943, 127) and was isolated from a 
case of gastroenteritis in Connecticut. 
Another culture was from Seligmann, 
Saphra and Wassermann (Amer. Jour. 
Hyg., 38, 1943, 225) and was isolated 
from a case of enteric fever. 

Habitat: Apparently widely dis¬ 
tributed as a natural pathogen of man 
and apes. 

77. Salmonella sp. (Type Durl^an). 
(Salmonella durban Henning, Hhodes-and 
Gordon-Johnstone, Onderstepoort Jour. 
Vet. Sci. An. Ind., 16, 1941, 103; also 
see Kauffmann, Acta Path, et Microbiol. 
Scand., 19, 1942, 523.) 

Antigenic structure: IX, XII: a: c, 
n, Zifi. . . . 

Source: Isolated by Dr. J. Gordon- 
Johnstone in Durban, So. Africa from 
feces of a woman affected with gastro-. 
enteritis. 

Habitat: Not reported from other 
sources as yet. 

78. Salmonella sp. (T 3 rpe Onarimon). 
(Salmonella onarimon Kisida, Kitasato 
Arch, of Exper. Med., 17, 1940,1.) 

Antigenic formula: I, IX, XII: b: 

1 , 2 . . . . 

Source: Prom the feces of a paraty¬ 


phoid B carrier. Later found in other 
cases of enteric fever resembling typhoid. 

Habitat: Cause of a typhoid-like 
disease in man. 

79. Salmonella sp. (^ype Eastbourne). 
(Salmonella eaatbourne Leslie and Shera, 
Jour. Path, and Bact., S4, 1931, 533.) 

Antigenic structure: [I], IX, XII: e, 
h:l,5. . . . 

May or may not produce indole (Kauff¬ 
mann, Die Bakteriologie der Salmonella- 
Gruppe, 1941, 12.) 

Source: From human enteric fever at 
Eastbourne, England. 

Habitat: A natural pathogen for man. 
Also found in turkeys. 

80. Salmonella sp. (Type Panama). 
(Jordan, Amer. Jour. Trop. Med., 14, 
1934 , 27; Salmonella panama Kauff¬ 
mann, Cent. f. Bakt., I Abt., Grig., ISi, 
1934, 160.) 

Antigenic structure: I, IX, XII: 1, v: 
1,5.... 

Source: From human food poisoning 
at Fort Amador, in Panama, Canal 
Zone. Also isolated in New York City, 
Germany and Uruguay. Also in rep¬ 
tiles, hogs and chickens (Edwards and 
Bruner, Jour. Inf. Dis., 7^, 1943 , 64). 

Habitat: Apparently widely dis¬ 
tributed. 

81. Salmonella sp. (Type Dar es Sa¬ 
laam). (Brown, Duncan and Henry, 
Lancet, 1, 1926, 117; Dar-es-Salaam 
Typus, Schutze, Arch. f. Hyg., 100, 1928, 
}92; Salmonella daressalaamensis Haupt, 
Ergebnisse der Hyg., IS, 1932, 673; Sal- 
monella dar-es-salaam Schiit^e et al., 
Jour. Hyg., S4, 1934 , 346.) 

Antigenic structure: I, IX, XII: 1, w: 
e, n. . . . 

Liquefies gelatin (Jordan, Jour. Inf. 
Dis., 58, 1936, 126). 

Source: Isolated by Butler in 1922 from 
a case of pyrexia at Dar es Salaam, East 
Africa. Cultures have also been re¬ 
ported from Zanzibar. 
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Habitat: Known thus far from human 
■ourcea only. 

82. Salmonella ap. (Type Goettingen). 
{Salmonella goetiingen Hohn, Cent. f. 
Bakt., I Abt., Orig., Hd, 1940, 218.) 

Antigenic atructure: IX, XII: 1, v: 
e, n, Ilf.. .. 

The complete formula waa developed 
by Kauffmann (Acta Path, et Microbiol. 
Scand., 17, 1940,429.) 

Source: Not given. Presumably from 
a human aource. 

Habitat: Not reported. 

83. Salmonella ap. (Type Java). 
(Salmonella javiana Alley and Pijoan, 
Yale Jour. Biol, and Med., 16, 1942,229; 
Edwards and Bruner, Jour. Immunol., 
U, 1942, 319.) 

Antigenic structure: [I], IX, XII: 1, 

!$•: 1 , 5 . . . . 

Source: From Eijkm:m Institute in 
Java. Isolated from feces of a child. 
Subsequently two cultures labeled N112 
and N140, isolated in Panama from hu¬ 
man carriers, were received from Col. 
Chas. G. Sinclair. 

Habitat: Reported as yet from human 
sources only. 

84. Salmonella gallinamm (Klein) 
Bergey et al. {Bacillus gallinarum Klein, 
Cent. f. Bakt., 6, 1889, 689; Pheasant 
bacillus, Klein, Jour. Path. A Bact., 6, 
1803, 214; BaciUua phaeiani septicua 
Kruse, in Flbgge, Die Mikroorganismen, 
3 Aufl., t, 1896, 410; BaeUrium Bangui- 
narium Moore, 12th and 13th Ann. Rpt. 
for 1895-96, U. S. Dept. Agr. Bur. An. 
Ind., 1897, 188; see Moore, U. S. Dept. 
Agr. Bur. An. Ind., Bull. 8, 1895, 63; 
BaciUuo phaaiani Migula, Syst. der 
Bakt., f,*1900, 769; BaeUrium phaeiani 
aapiicuo Cheater; Ann. Rept. Del. Col. 
Ap. Exp. Sta., fi, 1897, 74; Bacterium 
gaUinarum ChjBSter, ibid., 80; BaeUrium 
ppogenee $angvtinarium Berry and Ernst, 
Jour. Med. Res., 10 (N. S. 6), 1903-04, 
402; Baeittue puudo^hoUrao gaUinarum 
Trincaa, Oiom. della R. 8oe. Ital. 


dTgiene, 1908, 385; Baeillus typhi gaUi* 
narum olcalifacienB and Bacillue typhi 
gallinarum Pfeiler and Rehse, Mitt. K. 
Inst. f. Landw. Bromberg, 6, 1913, 306; 
Eberthella sanguinaria Bergey et al., 
Manual, 1st ed., 1923,231; Bergey et al., 
Manual, 2nd ed., 1925,236; Shigella galli¬ 
narum Weldin, Iowa State Coll. Jour. 
Sci., 1, 1927, 179.) From Latin, of 
chickens. 

Bacterium jeffereonii Hadley, Elkins 
and Caldwell, Rhode Island Agr. Exp. 
Sta. Bull. 174, 1918, 169 {Eberthella 
jeffereinii Bergey et al., Manual, 1st ed., 
1923, 230; Shigella jeffereonii Bergey et 
al.. Manual, 4th ed., 1934,394). Shigella 
jeffersonii is identical serologically w^ith 
Salmonella gallinarum (St. John-Brooks 
and Rhodes, Jour. Path, and Bact., iO, 
1923,433). 

Rods: 0.4 to 0.6 by 0.8 to 1.6 microns, 
with rounded ends, occurring singly or 
(in blood) in short chains. Non-motile. 
Gram-negative. 

Gelatin colonies: Small, grayish-white, 
finely granular, circular, entire. 

Gelatin stab: Slight, grayish-white 
surface growth with slight grayish, fill* 
form growth in stab. No liquefaction. 

Agar colonies: Moist, grayish, circular, 
entire. 

Agar slant: Thin, gray streak, with 
irregular margin, moist, glistening. 

Broth: Turbid with heavy, flocculent 
sediment. 

Litmus milk: Reaction unchanged, 
becoming translucent. No coagulation. 

Potato: Slight grayish powth. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid but no gas from glucose, fructose, 
galactose, mannose, xylose, arabinoae, 
maltose, dextrin, mannitol, dulcitol and 
isodulcitol. Lactose, sucrose, glyoerolf 
salicin and sorbitol are not attacked. 

Reduces trimethylamine oxide (Wood 
and Baird, loe. cit.). 

Hydrogen sulfide is sometimes formed. 

Aerobic, facultative. 

Optimum temperature 37^0. 

Antigenic structure: [I], IX, XII:-*: 
—Identical with SalmanaUa pullarum^ 
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and related to Salmonella typhoaa, [I] 
antigen noted by KaufTmann (Acta 
Path, et Microbiol. Scand., Suppl. 54, 
1944, 36). 

Source and habitat: The causative 
agent of fowl typhoid (clearly to be dis¬ 
tinguished from fowl cholera), and 
identical with Moore's infectious leu¬ 
kemia of fowls. Infectious for rabbits 
and all poultry, canaries and certain 
wild birds (quail, grouse, pheasant) by 
feeding or by injection. Found once in 
a normal human carrier. 

85. Salmonella pullonim (Rettger) 
Bergey et al. {Bacterium pullorum 
Rettger, Jour. Med. Res., 8/ (N.S. 16), 
1909, 117; also see Rettger, N. Y. Med. 
Jour., 71, 1900, 803; ibid., 76, 1901, 267; 
Rettger and Harvey, Jour. Med. Res., 
IB (N.S. 16), 1908,277; Bacillus pullorum 
Smith and Ten Broeck, Jour. Med. Res., 
$i (N. S. te), 1915, 547; Bergey et al.. 
Manual, 1st ed., 1923, 218; Typus pul¬ 
lorum, Kauffmann, Zentbi. f. d. ges. 
Hyg., BS, 1931, 273.) From I^tin, of 
chickens. 

Rods: 0.3 to 0.5 by 1.0 to 2.5 microns, 
occurring singly. Non-motile. Gram¬ 
negative. 

Gelatin colonies: Grayish-white, 
moist, lobate, with grape-leaf surface. 

Gelatin stab: Slight, grayish surface 
growth. No liquefaction. 

Agar colonies: Grayish-white, smooth, 
glistening, entire to undulate. 

Agar slant: Develops as discrete, 
translucent colonies. 

Broth: Turbid. 

Litmus milk: Acid, becoming alkaline. 
No coagulation. 

Potato: Slow development, grayish. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinosc, xylose, 
mannitol and rhamnose. Does not at¬ 
tack lactose, sucrose, maltose, dextrin, 
saliein, raffoose, sorbitol, adonitol, 
dttlcitol or inositol. Gas may be slight 
or absent (cf. SalmanMa gtiUinarum). 


Xylose may be fermented late (see WeL 
din, Iowa State Coll. Jour. Sci., 1, 1927, 
165). Maltose fermenting strains may 
occur (Hinshaw, Browne and Taylor, 
Jour. Inf. Dis., 75, 1943, 197). 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cil.). 

Hydrogen sulfide is formed. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Antigenic structure, IX, XII: —: 
The complete antigenic formula of 
S. pullorum is IX, XIIi, XII,, XIL, while 
that of S. gallinarum seems to be DC, 
XIIi, XIl,. Antigen XII, is variable in 
S. pullorum (Edwards and Bruner, Cor¬ 
nell Vet., 66, 1946, 318) and XII,++ and 
XII,-^ forms occur. The XII,++ forms 
are synonymous with the X strains of 
Younie (Can. Jour. Comp. Med., 6, 
1941, 164). 

Source: Isolated from chickens and 
other birds, as well as calves, hogs, rab¬ 
bits and man. Occasionally produces 
food poisoning or gastroenteritis in 
man (Mitchell, Garlock and Broh- 
Kahn, Jour. Inf. Dis., 79, 1946, 57). 

Habitat: The cause of white diarrhoea 
in young chicks. Infects the ovaries and 
eggs of adult birds. 

85a. Salmonella gallinarum var. Duis¬ 
burg. (Miiller, Mfinch. med. Wchnschr., 
80, 1933,1771; Kauffmann, Cent. f. Bakt., 
I Abt., Orig., 166, 1934, 337.) 

Antigenically identical with Salmo¬ 
nella gallinarum and Salmonella pullorum. 
Differs from Salmonella gallinarum in its 
slow fermentation of maltose, failure to 
ferment d-tartrate and in not forming 

H, S. 

Source and habitat: Isolated from 
acute gastroenteritis in man. 

86. Salmonella sp. (Type Canastel). 
(Scdmonella canastel Randall and Bruner, 
Jour. Bact., 49, 1945, 511.) Source of 
name not given. 

Liquefies gelatin. 

Antigenic structure: IX, XII: !«: 

I, 5.... 
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Source: Isolated in North Africa from 
American soldiers acting as food hand- 
lers. 

Habitat: Not reported from other 
sources as yet. 

87. Salmonella sp. (Type Italia). 
(Salmonella italiana Bruner and Ed¬ 
wards, Proc. Soc. Exp. Biol, and Med., 
58, 1945, 289.) 

Antigenic structure: IX, XII: 1, v: 

1 , 11 .... 

Source: Two cultures, one isolated 
from a case of bloody diarrhoea and the 
other from a case of gastroenteritis in 
man. Found in Italy by Lt. Col. 
Robert Hebble and by Capt. Ira C. 
Evans. 

Habitat: Not reported from other 
sources as yet. 

88. Salmonella sp. (Type Napoli). 
(Salmonella napoli Bruner and Edwards, 
Proc. Soc. Exper. Biol, and Med., 68, 
ms, 289.) 

Antigenic structure: [I], IX, XII: 1, 
zia: e, n, X. . . . 

Source: Ten cultures isolated from 
normal feces and from cases of gastro¬ 
enteritis in Naples, Italy. The first 
culture was isolated by Capt. \V. H. 
Ewing. 

Habitat: Not reported from other 
sources as yet. 

89. Salmonella sp. (Type Loma Linda). 
(Salmonella loma linda Edwards, Proc. 
Soc. Exper. Biol, and Med., 67, 1944,104.) 

Antigenic structure: IX, XII: a: e, 
n, X. . . . 

Source: Single culture isolated by Dr. 
T. F. Judefind, Loma Linda, California 
from the spinal fluid of a baby that died 
of meningitis. 

Habitat: Not reported from other 
sources as yet. 

90. Salmonella sp. (Type New York). 
(Salmonella new york Kauffmann, Acta 
Path, ct Microbiol. Scand., Suppl. 54, 
1944, 35.) 


Antigenic structure: IX, XII: 1, v: 
1, 5. . . . 

Source: Found by Dr. F. SchilT, New 
York in a study of a culture received 
under the label S. panama Strain No. 431. 
Regarded at the present time as a strain 
of Salmonella javiana by Dr. Kauffman 
(personal communication,'March, 1947). 

Habitat: Not reported from other 
sources as yet. 

91. Salmonella sp. (Type London). 
(Salmonella Typo L, White, Med. Res. 
Council Spec, llept. Ser. 103,1926, 37; Sal¬ 
monella londonensis Haupt, Ergebnissc 
der Hyg., IS, 1932, 675; Salmonella london 
Schutze et al., Jour. Hyg., S4, 1934, 346.) 

Antigenic structure: III, X, XXVI: 

l, v: 1,6. . . . 

Source: Isolated in London from the 
feces of a gastroenteritis patient ^rom 
Reading, England. 

Habitat: Found in human infections, 
in hogs and in chickens. 

92. Salmonella sp. (Type Give). {Sal¬ 
monella give Kauffmann, Ztschr. f. Hyg., 

m, 1937, 177.) 

Antigenic .structure: III, X, XXVI; 

1, V, 1, i . . . . 

Source: From feces of a patient with 
pernicious anemia. Also found in the 
IJ. S. A. and Germany. Occurs in fowls 
and hogs (Edwards and Bruner, Jour. 
Inf. Dis., 72, 1943, 64). 

Habitat: Apparently widely dis¬ 
tributed. 

93. Salmonella sp. (Type Uganda). 
(Salmonella Uganda Kauffmann, Acta 
Path, et Microbiol. Scand., 17, 1940, 
189.) 

Antigenic structure: III, X, XXVI: 
1, zit: 1, 5. . . . 

Source: Isolated in Uganda by Dr. 
H. G. Wiltshire from a human spleen 
on autopsy. Typed by Dr. F. Kauff¬ 
mann. 

Habitat: Not reported from other 
sources as yet. 
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94. Salmonella anatis (Rettger and 
Scoville) Bergey et al. {Bacterium anaiia 
Rettger and Scoville, Abst. Bact., 5, 
1910, 8; not Bacterium anatia Migula, 
Syst. d. Bakt., S, 1900, 364; Bacterium 
anatum Rettger and Scoville, Jour. Inf. 
Dis., S6, 1920, 217; Escherichia anata 
Bergey ct al., Manual, let ed., 1923,198; 
Bergey et al.. Manual, 2nd ed., 1925, 
238; Salmonella anatum Bergey et al.. 
Manual, 3rd ed., 1930, 344.) From 
Latin, of the duck. 

With the transfer of this organism to 
the genus Salmonella^ the original species 
name anatis again becomes available in 
spite of the earlier use of this species 
name by Migula for Cornil and Toupet's 
Bacillus dcr Entcn-cholera (Compt. 
rend. Acad. Sci., Paris, 106^ 1888, 1737). 
The latter organism is stated by Rettger 
and Scoville (1920, loc. cit., 220) to be 
indistinguishable from Pasteurclla avi- 
septica. 

Morphology and cultural characters 
like those of Salmonella enteritidis. 

Kauffmann (Ztschr. f. Hyg., 119^ 1937, 
352) describes a lactose-splitting variant 
of this species. 

Antigenic structure: III, X, XXVI: e, 
h: 1, 6_ 

Reduces trimethylamine o.xide (Wood 
and Baird {loc, cit.). 

Source: Isolated from an epizootic of 
keel in ducklings. Also found in in¬ 
testinal infections in chickens and man. 
Frequently occurs in association with 
Salmonella typhimurium. 

Habitat: Widely distributed in man 
and domestic animals. 

95. Salmonella sp. (Type Muenster). 
{Salmonella anatum var. muenster, Kauff¬ 
man n and Silberstein, Cent. f. Bakt., 1 
Abt., Orig., ISi, 1934, 431; Salmonella 
muenster Kauffmann, Ztschr. f. Hyg., 
140, 1937, 177.) 

Antigenic structure: III, X, XXVI: e, 
h: 1, 6_ 

Source: Isolated by Dr. Besserer in 
Muenster from food poisoning. Also 
isolated in Uruguay from human sources. 


Habitat: Not known from any but 
human sources as yet. 

96. Salmonella sp. (Type Xyborg). 
{Salmonella anatum var. nyborg, Kris- 
tensen and Bojldn, Cent. f. Bakt., I 
Abt., Orig., 1S6, 1936, 294; Salmonella 
nyborg Kauffmann, Ztschr. f. Hyg., ItO, 
1937, 189.) 

Antigenic structure: III, X, XXVI: e, 
h: 1, 7_ 

Source: From a case of acute enteritis 
in a young girl in Nyborg, Denmark. 

Habitat: Known only from human 
sources as vQi. 

97. Salmonella sp. (Type \'ej le). {Sal- 
monella vejle Harhoff, quoted from Kauff- 
mann, Dio Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 274.) 

Antigenic structure: III, X, XXVI: e, 
h: 1,2,3_ 

Source: Isolated by E. M0ller, Copen¬ 
hagen, from a case of acute gastro¬ 
enteritis. 

Habitat: Not reported from other 
sources as yet. 

98. Salmonella sp. (Type Meleagris). 
{Salmonella mcleagridis Bruner and 
Edwards, Amer. Jour. Hyg., 34, 1941, 
82; not Salmonella mcleagridis Rettger, 
Plastridge and Cameron, Jour. Inf. 
Dis., 53, 1933, 279.) 

Antigenic structure: III, X, XXVI: e, 
h: 1, w. . . . 

Source: Original cultures isolated by 
Dr. B. S. Pomeroy, Univ. of Minnesota, 
from two distinct outbreaks of infection 
in turkey poults. Stated to be the same 
as Salmonella bantam from Batavia, 
Java (Kauffmann, Acta Path, et Mi¬ 
crobiol. Scand., 19, 1942, 529). 

Habitat: In addition to the two strains 
isolated in Minnesota (Bruner and Ed¬ 
wards, Kentucky Agr. Exp. Sta., Bull. 
434,1942), the same type was recognised 
among cultures received from Massa¬ 
chusetts, Michigan, Pennsylvania, 
Maryland, South America and Japan. 
Also isolated from German soldiers in 
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Norway by Tesdal (Kauffmann, Die 
Baktoriologie der Salmonella-Gruppe, 
1941, 295) and from snakes by Hinshaw 
and McNeil (Amer. Jour. Vet. Res., 5, 
1945,264). 

99. Salmonella sp. (Type Shangani). 
(Salmonella shangani Kauffmann, Acta 
Path, et Microbiol. Scand., 16, 1939,347.) 

Antigenic structure: III, X, XXVI: d: 

I, 5.... 

Source: Isolated in Zanzibar by Dr. 

J. D. Robertson from a woman with 
enteric fever. 

Habitat: Known only from human 
sources as yet. 

100. Salmonella sp. (Type Zanzibar). 
(Salmonella Zanzibar Kauffmann, Acta 
Path, et Microbiol. Scand., 16, 1939,347.) 

Antigenic structure: III, X, XXVI: 
k: 1, 5. . . . 

Source: Isolated in Zanzibar by Dr. 
J. D. Robertson from a typhoid carrier. 

Habitat: Also found in chickens 
(Edwards). 

101. Salmonella sp. (Type Amager). 
(Salmonella amager Kauffmann, Acta 
Path, et Microbiol. Scand., 16, 1939,347.) 

Antigenic structure: III, X, XXVI: y: 
1, 2, 3. .. . 

Source: Isolated in Copenhagen from 
the feces of a person suffering from gaS' 
troenteritis. 

Habitat: Known only from human 
sources as yet. 

102. Salmonella sp. (Type Lexington). 
(Salmonella lexington Rubin, Jour. 
Bact., 40, 1940,463; Edwards, Bruner and 
Rubin, Proc. Soc. Exper. Biol, and 
Med., 44 , 1940, 39$.) 

Antigenic structure: III, X, XXVI: 
Zm: 1, 5. . . . 

According to Kauffmann (Die Bak> 
teriologie der Salmonella-Gruppe, 1941, 
276), Dr. Erber of Java has found a 
Salmonella type with the same antigenic 
structure and has given it the name 
Salmonella hataeia. 


Source: Isolated from mesenteric 
lymph glands of apparently normal hogs 
by Dr. H. L. Rubin, Univ. of Kentucky, 
Lexington, Ky. 

Habitat: Also reported from turkeys. 

103. Salmonella sp. (Type Weltevre- 
den). (Salmonella weltevreden Mertens, 
quoted from Kauffmann, Acta Path, et 
Microbiol. Scand., 19, 1942, 529.) 

Antigenic structure: III, X, XXVI: 
r: Z|. . . . 

Source: Isolated by Dr. W. K. Mertens, 
Batavia, Java, according to Kauffmann 
(loc. cit.). 

Habitat: Not recorded in available 
literature. 

104. Salmonella sp. (Type Orion). 
(Salmonella type, var. orion and Sal- 
monella orion Barnes, Cherry and Myers, 
Jour. Bact. SO, 1945, 578.) From a sea¬ 
man on the S. S. Orion. 

Antigenic structure: III, X, XXVI: 
y: 1, 5. . . . 

Source: From rectal swab specimen 
from a normal food handler. 

Habitat: Not reported from other 
sources as yet. 

105. Salmonella sp. (Type Butantan). 
(Salmonella butantan Peluffo, Arch. 
Urug. de Med., Cirug. y Espeo., 18, 
1944,000.) 

Antigenic structure: III, X, XXVI: b: 

1 , 5 ... . 

Source: Isolated by Dr. C. A. Peluffo 
from a case of diarrhoea in a child. 

Habitat: Not reported from other 
sources as yet. 

106. Salmonella sp. (Type Newington). 
(Anatum Ci No. 3071, N.C.T.C., London, 
Kauffmann and Silbqrstein, Cent. f. 
Bakt., I Abt., Orig., 158, 1934, 434; 
Salmonella newington Edwards, Jour. 
Hyg., 57, 1937, 384.) 

Antigenic structure: III, XV: e, h: 

1 , 6 .... 

Source: Isolated from ducks from 
Newington, Conneeiiout by Dr. L« F. 
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Rettger. Also found in hogs, silver 
foxes and man. Kauffmann (Ztschr. f. 
Hyg., liO, 1937, 177) has described a re¬ 
lated type (Salmonella tim) from a case 
of enteritis in Tim, Denmark. 

Habitat: Widely distributed. 

107. Salmonella sp. (Type Selandia). 
(Salmonella oelandia Kauffmann, Ztschr. 
f. Hyg., 1937,189.) 

Antigenic structure: HI, XV: e, h: 
1. 7. . . . 

Source: Isolated from the feces of a 
sailor on the S. S. Selandia after a voy¬ 
age to Asia and Australia. Was patient 
in Bispebjerg Hospital with pleuro¬ 
pneumonia at the time. 

Habitat: Known only from human 
sou'-ces as yet. 

108. Salmonella sp. (Type New Bruns¬ 
wick). (Salmonella new brunewick Ed¬ 
wards, Jour. Hyg., 57,1937, 384; also see 
Kauffmann, Ztschr. f. Hyg., /fO, 1937, 
180.) 

Antigenic structure: III, XV: 1, v: 
1, 7. . . . 

Source: Isolated by Dr. F. R. Beau- 
dette. New Brunswick, New Jersey from 
a chicken. Also isolated from gastro¬ 
enteritis in man. 

Habitat: Apparently widely dis¬ 
tributed. 

109. Salmonella sp. (Type Illinois). 
(Salmonella illinois Edwards and Bruner, 
Proc. Soc. Exper. Biol, and Med., 48, 
1941, 240.) 

Antigenic structure: (III), (XV), 
XXXIV: z,o: 1, 6_ 

Source: Isolated from hogs in Illinois 
by Dr. Robert Graham, from Hungarian 
partridges in Michigan by Miss Virginia 
Stoney and from turkeys in Minnesota 
by Dr. B. S. Pomeroy. 

Habitat: Also reported from hogs and 
man (Edwards). 

ro. Salmonella ap. (Type Senften- 
berg). (Typus tenftenberg, Kauflf- 
mann, Ztschr. f. Hyg., lit, 1930, 221; 


Salmonella eenfUnherg SchOtze et al.^ 
Jour. Hyg., 84, 1934, 339; Salmonella 
eenftenbergeneie Haupt, Ergebnisse der 
Hyg., IS, 1932,673.) 

Antigenic structure: I, III, XIX: g, 
s, t: —. 

Source: From a case of acute gastro¬ 
enteritis in a boy in Senftenberg, Den¬ 
mark. Cultures have frequently been 
found from persons and also from young 
turkeys. 

Habitat: Apparently widely dis¬ 
tributed. 

111. Salmonella sp. (Type Niloese). 
(Salmonella niloese Kauffmann, Aeta 
path, et Microbiol. Scand., 16, 1939, 
347.) 

Antigenic structure: I, III, XIX: d: 

Zi. . . . 

Source: Isolated in Copenhagen from 
a case of acute gastroenteritis in Niloese, 
Denmark Later found frequently in 
gastroenteritis in Denmark. 

Habitat: Known only from human 
sources as yet. 

112. Salmonella sp. (Type Simsbury). 
(Salmonella simsbury Bruner and Ed¬ 
wards, Proc. Soc. Exper. Biol, and Med., 
60, 1942, 174.) 

Antigenic structure: I, III, XIX: 

Source: Original culture isolated by 
Dr. E. K. Borman, State Dept. Health 
Lab., Hartford, Conn., from a normal 
human carrier from Simsbury, Conn. 
Edwards states (1946) that this may be 
a variant of Salmonella sp, (Type Senf¬ 
tenberg) . 

Habitat: Also found in turkeys (Bru¬ 
ner and Edwards, Kentucky Agr. Exp. 
Sta., Bull. 434, 1942, 9). 

113. Salmonella sp. (Type Taksony). 
(Salmonella taksony Rauss, Ztschr. f. 
Immunitfitsforsch., 108, 1943, 220.) 

Antigenic structure: I, III, XIX: i: 

Zi. . . . 

Source: Isolated from a healthy carrier 
(Hungary). 
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Habitat: Not reported from other 
sources as yet. 

114. Salmonella sp. (Type Kentucky). 
{Salmonella kentacky Edwards, Jour. 
Hyg., S8, 1938,306.) 

Antigenic structure: (VIII), XX: i: 

*•- 

Source: Isolated from the intestinal 
tract of a chick affected with coccidiosis 
and ulcerative enteritis. Found at 
Lexington, Kentucky. 

Habitat: Also reported from many 
species of fowls, from hogs and from man 
(Edwards). 

115. Salmonella sp. (Type Aberdeen). 
(Salmonella aberdeen J. Smith, Jour. 
Hyg., 34, 1934 , 357.) 

Antigenic structure: XI: i: 1,2, 3. . . . 

Source: Isolated in Aberdeen, Scot¬ 
land, from the stool of a child suffering 
from acute enteritis. Also isolated by 
Timmerman in Utrecht from Ovomal- 
tine, and by Edwards in Kentucky from 
birds. See Kauffmann, Die Bakteriol- 
ogie der Salmonella-Gruppe, Kopen- 
bagen, 1941,279. 

Habitat: Apparently widely dis¬ 
tributed. 

116. Salmonella sp. (Type Rubislaw). 
(Salmonella rubislaw Smith and Kauff¬ 
mann, Jour. Hyg., 40, 1940, 122.) 

Antigenic structure: IX: r: e, n, x. . . . 

Source: Isolated in Aberdeen, Scot¬ 
land from the feces of a child suffering 
from enteritis. Also found by Tesdal 
in Oslo, Norway. Reported by Hin- 
shaw and McNeil from snakes (Amer. 
Jour. Vet. Res., 6, 1945, 264). 

Habitat: Apparently widely .dis¬ 
tributed. 

117. Salmonella sp. (Type Pretoria). 
(Salmonella preioria Henning, Rhodes 
and Gordon-Johnstone, Onderstepoort 
Jour. Vet. Sci. An. Ind., 16, 1941, 103.) 

Antigenic structure: XI: k: 1,2,3_ 


Source: Isolated by Dr. M. W. Henning 
in Pretoria, South Africa from an infec¬ 
tion in garbage-fed hogs. 

Habitat: Not reported from other 

sources as yet. 

118. Salmonella sp. (Type Venezia). 
(Salmonella veneziana Bruner and Joyce, 
Jour. Bact., SO, 1945, 371.) 

Antigenic structure: XI: i: e, n, x. . . . 

Source: Culture received from Capt. 
J. K. Hill. Isolated from an apparently 
normal Italian civilian food handler in 
Venice, Italy. 

Habitat: Not known from other 

sources as yet. 

119. Salmonella sp. (Type Solt). (Sal¬ 

monella soil Rauss, Ztschr. f. Immuni- 
tatsforsch., lOS, 1943, 220.) 

Antigenic structure: XI: y: 1, 5. . . . 

Source: Isolated from a healthy carrier 
(Hungary). 

Habitat: Not reported from other 

sources as yet. 

120. Salmonella sp. (Type St. Lucie). 
(Salmonella luciana Moran, Edwards and 
Bruner, Proc. Soc. Exp. Biol, and Med., 
64, 1947, 89.) From St. Lucie, Florida. 

Antigenic structure: XI: a: e, n, 

Zlf. . . . 

Source: Single culture isolated by Mrs. 
Mildred Gal ton from feces of a normal 
human carrier. 

Habitat: Not known from other 
sources as yet. 

121. Salmonella sp. (Type Senegal). 
(Salmonella Senegal Hinshaw and 
McNeil, Jour. Bact., 62, 1946, 349.) 

Antigenic structure: XI: r: 1,5.... 

Source: Isolated by Dr. W. L. Hin¬ 
shaw from a green mamba snake. 

Habitat; Not known from other 
sources as yet. 

122. Salmonella sp. (Type Marseille). 
(Salmonella marseille Moran, Edwards 
and Bruner, Proc. Soc. Exp. Biol, and 
Med., 64, 1947, 89.) 
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Antigenic structure: XI: a: 5.. . . 

Source: Isolated in Marseilles, France 
by Capt. Wm. Sutton from feces. 

Habitat: Not known from other 
sources as yet. 

123. Salmonella sp. (Type Grumpy). 
{Salmonella grumpensis Hormaeche and 
Peluffo, quoted from Hormaeche ct al., 
Jour. Bact., ^7,1944, 323.) Named for a 
person called grumpy. 

Antigenic structure: XIII, XXIII, 
XXXVI: d: 1, 7 ... as given by Kauff- 
mann (Acta Path, et Microbiol. Scand., 
Suppl. 54, 1944 , 37). 

Source: Isolated in Uruguay from a 
guinea pig. Also studied by Kauflmann 
(loc. cit.). 

Habitat: Not reported from other 
sources as yet. 

124. Salmonella sp. (Type Poona). 
{Salmonella poona Bridges and Scott, 
Jour. Roy. Army Med. Corps, JJ, 1935, 
221 .) 

Antigenic structure: XIII, XXII: z 

1 , 6 .... 

Source: Isolated by Dr. L. Dunbar in 
Poona from the stool of a child suffering 
from enteritis. 

Habitat: Also reported from hogs 
(Edwards). 

125. Salmonella sp. (Type Borbeck). 
{Salmonella borbeck Hohn and Herri- 
mann. Cent. f. Bakt., I Abt., Orig., 145, 
1940, 219.) 

Antigenic structure; XIII, XXII:,1, 
v: 1, 6 . . . . 

Source: Isolated from the feces of a 
child with typhoid. Found in the Bor¬ 
beck section of lessen, Germany. 

Habitat: Not reported from other 
sources as yet. 

126. Salmonella sp. (Type Mississippi). 
{Salmonella miasiasippi Edwards, Cherry 
and Bruner, Proc. Soc. Exp. Biol, and 
Med., 1943, 263.) 

Antigenic structure: I, XIII, XXIII, 
b:l,6. ... 


Source: Isolated by the State Dept, of 
Health of Mississippi from the stool of 
a normal food handler. 

Habitat: Also reported from hogs 
(Edwards). 

127. Salmonella sp. (Type Wichita). 
{Salmonella wichita Schiff and Strauss, 
Jour. Inf. Dis., 66, 1939, 125.) 

Antigenic structure: I, XIII, XXIII: 
d: —. 

Source: Isolated by Miss B. McKinlay 
in an epidemic of enteritis affecting 
babies, Wichita, Kansas. Also in fowls, 
turkeys and hogs (Edwards and 
Bruner, Jour. Inf. Dis., 72, 1942 , 64). 

Habitat: Apparently widely dis- 
tributed. 

128. Salmonella sp. (Type Havana). 
{Salmonella Havana Schiff and Saphra, 
Jour. Inf. Dis., 68, 1941, 125.) 

Antigenic structure: I, XIII, XXIII: 
f, g. —. 

Source: Isolated during an outbreak 
of 21 cases of meningitis in children in a 
maternity hospital in Havana, Cuba. 

Habitat: Not reported from other 
sources as yet. 

129. Salmonella sp. (Type Worthing¬ 
ton). {Salmonella xrorlhington Edwards 
and Bruner, Jour. Hyg., 88, 1938 , 716.) 

Antigenic structure: I, Xllf, XXIII: 
1, w: z. . . 

Source: Isolated by Dr. B. S. Pomeroy 
from a turkey poult from Worthington, 
Minnesota. Also found in a hen. Later 
additional cultures were found in other 
birds, in rodents, cattle, hogs and man. 
(Edwards and Bruner, Jour. Inf. Dis., 
72, 1943, 64). 

Habitat; Apparently widely dis¬ 
tributed. 

130. Salmonella sp. (Type Cuba). 
{Salmonella ctibana Seligmann, Wasser- 
man and Saphra, Jour. Bact., 61, 1946, 
123.) 

Antigenic structure: I, XIII, XXIII; 
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Source: Isolated in Havana, Cuba by 
Dr. Arturo Curbelo from diseased baby 
chicks. 

Habitat: Not reported from other 
sources as yet. 

131. Salmonella sp. (Type Heves). 
(Saltnanella heves Rauss, Ztschr. f. Im- 
munit&tsforsch., lOS, 1943, 220.) 

Antigenic structure: VI, XIV, XXIV: 
d: 1, 5.. . . 

Source: Isolated from a healthy carrier 
(Hungary). 

Habitat: Not reported from other 
sources as yet. 

132. Salmonella sp. (Type Carrau). 
(Salmonella earrau Hormaeche, Peluffo 
and Salsamendi, Arch. Urug. de Med., 
Cinig. y Espec., /F, 1938, 377; Hor¬ 
maeche, Peluffo and Pereyra, Jour. 
Bact., 47, 1944, 323.) 

Antigenic structure: VI, XIV, XXIV: 
y: 1, 7.... 

Source: Isolated in Uruguay from 
mesenteric glands of normal hogs. 

Habitat: Also reported from feces and 
blood in man, once from flies and one 
culture from human blood from Mexico. 

133. Salmonella sp. (Type Onderste- 
poort). (Salmonella anderstepoort Hen¬ 
ning, Jour. Hyg., S6, 1936, 525.) 

Antigenic structure: (I), VI, XIV, 
XXV: e, (h): 1, 5. . . . 

Source: Isolated in So. Africa by Dr. 
J. H. Mason from sheep in Onderste- 
poort. Also isolated from man by Dr. 
Hormaeche (Uruguay) and from turkeys 
(Edwards, Kentucky). 

Habitat: Apparently ’ widely dis¬ 
tributed in warm-blooded animals. 

134. Salmonella sp. (Type Florida). 
(Salmonella florida Cherry, Edwards and 
Bruner, Proc.Soc. Exp. Biol, and Med., 
Si, 1943, 125; Oalton and Quan, Amer. 
Jour. Hyg., S8, 1943, 173.) 

Antigenic structure: (I), VI, XIV, 
XXV: d: 1, 7.... 


Source: Isolated by Mrs. Mildred Qa|- 
ton from feces of a patient with a febrile 
disease and diarrhoea. 

Habitat: Also reported from reptiles 
(Edwards). 

135. Salmonella sp. (Type Madelia). 
(Salmonella madelia Cherry, Edwards 
and Bruner, Proc. Soc. Exp. Biol, and 
Med., 5F, 1943, 125.) 

Antigenic structure: (I), VI, XIV, 

XXV: y: 1,7.... 

Source: A single culture isolated by 
Dr. B. S. Pomeroy from the liver of a 
poult that died of septicemia. Found 
in Madelia, Minnesota. 

Habitat: Also reported from man 

(Edwards). 

136. Salmonella sp. (Type Sundsvall). 

(Salmonella sundsvall Olin and Alin, 

Acta Path, et Microbiol. Scand., <0, 
1943, 607.) 

Antigenic structure: (I), VI, XIV, 

XXV: z: e, n, x. . . . 

Source: Isolated from a person suffer¬ 
ing from gastroenteritis. 

Habitat: Not reported from other 
sources as yet. 

137. Salmonella sp. (Type Orient). 
(Salmonella orientalis Carlquist and 
Conte, Bull. U. S. Army Med. Dept., d, 
1946, 343.) 

Antigenic structure: XVI: k: e, n, 
zu- 

Source: Isolated from U. S. Army 
personnel who had been prisoners of tbe 
Japanese Army in the Orient. 

Habitat: Not known from other 
sources as yet. 

138. Salmonella sp. (Type HvHting- 
foss). (Salmonella hviitingfoss Tesdal, 
Ztschr. f. Hyg., 118, 1936, 533.) 

Antigenic structure: XVI: b: e, n, 

X. .. . 

Source: Isolated during a food poison¬ 
ing outbreak in Hvittingfoss, a small 
town in Norway. Caused by eating 
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pultoste, a kind of soft cheese. Cul¬ 
tures secured from the cheese, from the 
persons who were poisoned, f^om sewage 
and from a foal. 

Habitat: Evidently rather widely 
distributed. 

139. Salmonella sp. (Type Gaminara). 
{Salmonella gaminara llormaeche, Pc- 
luffo and Salsamendi, Arch. Urug. de 
Med., Cirug. y Espec., 12, 1938, 377; 
ibid,, H, 1939,217.) Named in honor of 
Prof. Gaminara of Uruguay. 

Antigenic structure: XVI: d: 1, 7. . . . 

Source: Isolated from the feces of a 
child suffering from enteritis. 

Habitat: Not known from other 
sources as yet. 

140. Salmonella sp. (Type Szentes). 
(Salmonella szentes Rauss, Ztschr. f. 
Immunitatsforsch., 102, 1943, 220.) 

Antigenic structure: XVI: k: 1, 2, 
3. . . . 

Source: Isolated by Dr. K. Rauss 
from a healthy carrier (Hungary). 

Habitat: Not reported from other 
sources as yet. 

141. Salmonella sp. (Type Kirkee). 
(Salmonella kirkee Bridges and Dunbar, 
Jour. Roy. Army Med. Corps, 67, 1936, 
289.) 

Antigenic structure: XVII: b: 1,2. .. . 

Source: Isolated in Kirkee, India from 
the feces of a child suffering from acute 
enteritis. The source of the infection 
w'as thought to be a dog. 

Habitat: Not reported from other 
sources as yet. 

142. Salmonella sp. (Type Cerro). 
(Bacterium cerro Hormaeche, Peluffo 
and Salsamendi, Arch. Urug. Med., 
Cirug. y Espec., 12, 1938,377; Salmonella 
cerro Hormaeche, Peluffo and Aleppo, 
ibid,, 19, 1941, 126.) 

Antigenic structure: XVIII: Zi, z», 
—. 

Source: Isolated from the mesenteric 
glands of normal hogs from Cerro, 
Uruguay. 


Habitat: Also isolated by the authors 
in 13 cases of infantile infections. 
Found also in chickens (Edwards). 

143. Salmonella sp. (Type Minnesota). 
(Salmonella Minnesota Edwards and Bru¬ 
ner, Jour. Hyg., S8, 1938, 716.) 

Antigenic structure: XXI, XXVI: 
b: e, n, X. . . . 

Source: Isolated in Minnesota by Dr. 
B. S. Pomeroy from a young turkey. 

Habitat: Also reported from cattle 
and man. 

144. Salmonella sp. (Type Tel Aviv). 
(Salmonella tel-aviv Kauffmann, Acta 
Path, et Microbiol. Scand., 17, 19*10, 1.) 

Antigenic structure: XXVIll: y: e, 
n, Zi6. . . . 

Source: Isolated in Tel Aviv, Palestine 
by Dr. G. B. Simmins during an epi¬ 
zootic affecting young chickens during 
which 50 per cent died. 

Habitat: Not known from other 
sources as yet. 

145. Salmonella sp. (Type Pomona). 
(Salmonella pomona Edwards, Proc. 
Soc. Exp. Biol, and Med., 68, 1945, 291.) 

Antigenic structure: XXVIII: y: 1, 
7. . . . 

Source: Single culture isolated from 
the intestine of a poult in 1941 by Dr. 
W. R. Hinshaw. 

Habitat: Also reported from man 
(Edwards). 

146. Salmonella sp. (Type Ballerup). 
(Salmonella ballerup Kauffmann and 
M0ller, Jour. Hyg., 40, 1940, 246.) 

Antigenic structure: XXIX, [Vi]: 
zh: —. 

Source: From the feces of a w^oman 
from the town of Ballerup, Denmark. 
A cause of gasti^oenteritis. 

Habitat: Not known from other 
sources as yet. 

147. Salmonella sp. (Type Hor- 
macche). (Salmonella hormaechei Mon- 
teverde, Nature, 164, 1944,676.) Named 
in honor of Dr. Hormaeche of Uruguay. 
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Antigenic structure: XXIX, [Vi]*: 
2ao, (zail:—. 

Source: From the ovary of a hen whose 
blood gave a positive reaction with the 
5. pullorurn antigen. Found in Huenos 
Aires by Dr. Monteverde. 

Habitat: Also reported from hogs and 
man (Edwards). 

•Reported by Dr. P. R. Edwards 
(personal communication). 

148. Salmonella sp. (Type Urbana). 
(Salmonella urbana Edwards and Bruner, 
Jour. Inf. Dis., 69, 1941, 223.) 

Antigenic structure: XXX: b: e, n, 

. 

Source: One culture was received from 
Dr. Robert Graham, Urbana, Illinois 
and was isolated from the contents of the 
colon of a hog affected with hemorrhagic 
enteritis. The second culture was iso¬ 
lated from the intestinal tract of a 
chicken by Dr. W. L. Mallmann, East 
Lansing, Michigan. 

Habitat: Also reported from man 
(Edwards), 

149. Salmonella sp. (Type Adelaide). 
(Salmonella adelaide Cleland. Med. Jour. 
Australia, SJ, 1944 , 59.) 

Antigenic structure: XXXV: f, g: —. 
Source: Isolated in Adelaide, Australia 
by Miss Nancy Atkinson from two fatal 
cases resembling typhoid fever. 

Habitat: Not reported from other 
sources as yet. 

150. Salmonella sp. (Type Inverness). 
(Salmonella inverness Edwards and 
Hughes, Proc. Soc. Exp. Biol, and Med., 
Se, 1944, 33.) 

Antigenic structure: XXXVIII;'k: 

1 , 6 . . . . 

Source: Isolated by Mrs. Mildred Gal- 
ton and Mr. M. S. Quan of the Florida 
State Department of Health, from the 
stool of a normal food handler, Inver¬ 
ness, Florida. 

Habitat: Not reported from other 
sources as yet. 

161. Salmonella sp. (Type Cham¬ 
paign). (Salmonella champaign Ed¬ 


wards, Proc. Soc. E.\p. Biol, and Med,, 
58, 1945, 291.) 

Antigenic structure: XXXIX: k: 
1,5.... 

Source: Single culture isolated from 
the liver of an adult hen by Dr. Robert 
Graham, Champaign, Illinois. 

Habitat: Not reported from other 
sources as yet. 

Appendix I: The following species and 
varieties are largely taken from Haudu- 
roy, Ehringer, Urbain, Guillot and 
Magrou, Dictionnaire des Bact6ries 
Pathogenes, Paris, 1937, 446-472. The 
relationships of many of these are not 
clear. 

Bacillus canariensis Migula. (Ba¬ 
cillus der Kanarienvdgelscptik&mie, 
Rieck, Deutsche Ztschr. f. Thiermed., 
15, 1889, 69; Migula, Syst. d. Bakt., f, 
1900, 770; Bacillus aviseplicus Chester, 
Man. Deterin. Bact., 1901, 220; not Ba¬ 
cillus aviseplicus Kitt, in Kolle and 
Wassermann, Handb. d. path. Mikroorg., 
1 Aufl., 8, 1903 , 544.) Associated with 
intestinal catarrh and liver changes in 
canaries. Hadley, Elkins and Caldwell 
(Rhode Island Agr. Exp. Sta., Bull. 174, 
1918, 178) regard this as probably Ba¬ 
cillus gallinarum Klein. 

Bacillus friedebergensis Kruse. (Ba¬ 
cillus der Friedeberger Fleischvergif- 
tung, Gaffky and Paak, Mitt. a. d. 
kaiserl. Gesundheitsamte, 6, 1890, 159; 
Kruse, in Fltigge, Die Mikroorganismen, 
3 Aufl., f, 1896, 378; Bacterium friede¬ 
bergensis Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 1897 , 73.) From 
sausage in meat poisoning. 

Salmonella abortus canis Gard. (Ztschr. 
f. Hyg., Iff, 1938, 139.) From the feces 
of four persons with paratyphoid appar¬ 
ently spread from an infected dog. 
Kauffmann regards this as identical 
with Salmonella schottmuelleri, 

Salmonella annamensis Hauduroy et al. 
(Un bacillc du groupe des Salmonella^ 
Normet, Urbain and Chaillot, Compt. 
rend. Soc. Biol., Paris, lOt, 1929, 752; 
Hauduroy et al., Diet. d. Bact. Path., 
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1937, 450.) Isolated during an epidemic 
of dysentery at Hu4 (Annam) in 1925. 

Salmonella archibaldii Castellan! and 
Chalmers. (Man. Trop. Med., 3rd ed., 
1919, 940.) 

Salmonella Carolina (Castellani) Cas< 
tellani and Chalmers. {Bacillus caro- 
linus Castellani, Ann. di Med. Nav. e 
Colon., /, 1918; Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 940 ) 

Salmonella coagulans (Castellani) llau- 
duroy et al. {Bacillus coagulans Cas¬ 
tellani, 1916; Balkanella coagulans Cas¬ 
tellani, 1916; see Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
935; Hauduroy ct al.. Diet. d. Bact. 
Path., 1937 , 453.) 

Salmonella columbensis (Castellani) 
Castellani and Chalmers. {Bacterium 
columbensc Castellani, Proc Meeting 
Ceylon Branch British Assoc , 1905, 
quoted from Castellani, Cent. f. Bakt., 
I Abt., Orig., 74, 1914, 197; Bacillus 
columbensis Castellani, Jour. Trop. Med. 
and Hyg., SO, 1917, 181; Castellani and 
Chalmers, Ann. Inst. Past., 84, 1920,609; 
Morganella columbensis Fulton, Jour. 
Bact., 46, 1943,81.) The cause of colum¬ 
bensis fever. Isolated from feces, urine 
and blood. 

Salmonella enteriiidis var. v, Haudu¬ 
roy ct al. (Bacille para-Gartner V, 
Ilochaix and Couture, Revue do Micro- 
biologie appliqu4e 8, 1936; Hauduroy 
et al., Diet. d. Bact. Path., 1937, 454.) 
Found associated with Salmonella en- 
teritidis in meat pies and in the feces of 
individuals with food poisoning. 

Salmonella enteriiidis-yellow, a variety 
of Salmonella enteriiidis Deskowitz and 
Buchbinder (Jour. Bact., 29, 1935, 293), 
Cultures differ from typical Salmonella 
enteriiidis in producing a yellow, water- 
soluble pigment. From the feces of a 
rat with enteric infection. 

Salmonella foetida Bergcy ot al. ( Coc- 
cobaciU'is foetidus ozenae Perez, Ann. 
Inst. Past., IS, 1899, 937; Coccobacillus 
{foetidus) oMoenae Ward, Jour. Bact., 2, 
1917,619; Bergcy et al., Manual, 1st ed., 
1923, 220; Baeterium foetida Weldin and 


Levine, Abst. Bact., 7, 1923, 13; Es- 
cherichia foetida Bergey et al.. Manual, 
2nd ed., 1925, 222.) From chronic rhi¬ 
nitis, ozena. Sec Manual, 4th ed., 1934, 
380 for a description of this species. 

Salmonella holsatiensis Roelcke. 
(Also Salmonella Typ Holstein, Roelcke, 
Cent. f. Bakt., I Abt., Orig., 187, 1936, 
464.) According to Kauffmann (Ztschr. 
f. Hyg., 119, 1937, 352) the 0-antigens of 
this rapid fermenter of salicin and weak 
indole-former arc identical with those of 
Salmonella poona. The H-antigens have 
not been compared as yet. 

Salmonella icier aides (Sanarelli) Ber¬ 
gey et al. (Bacillo icteroide, Sanarelli, 
II Policlinico, 4» 1897, 412; Bacillus 
icieroidcs Sanarelli, British Med. Jour., 
July 3, 1897, 7; Bacterium icteroides 
Lehmann and Xeumann, Bakt. Diag., 
2 Aufl., 2, 1899, 241; Bergey et al., 
Manual, Ist ed., 1923, 218.) From yel¬ 
low fever cadavers. See Manual, 5th 
ed., 1939. 604 for a description of this 
species. 

Salmonella iivo-jima Lindberg and 
Bayliss. (Jour. Inf. Dis., 79, 1946, 
92.) Isolated from a soldier on Iwo- 
Jima during a routine examination of 
food handlers. Belongs to Group C. 
Antigenic structure: VI, VIII: i: 1, 5 . . . 
Described too recently to be included 
in the main body of the text 

Salmonella liceagi Leon. (Rev. Inst. 
Salubridad y Enferm. Trop., 8, 1942, 
273.) From feces. This probably be¬ 
longs in the coliform group. 

Salmonella maefadyeanii (Weldin and 
Levine) Weldin. {Bacterium maefad¬ 
yeanii Weldin and Levine, Abst. Bact., 
7,1923,13; Weldin, Iowa State Jour. Sci., 
1, 1927, 168.) Associated with hog 
cholera. 

Salmonella mexicana Varela and 
Olarte. (Rev. Inst. Salubridad y En¬ 
ferm. Trop., 4, 1043, 313.) From feces. 

Salmonella monshaui Carlquist and 
Coates. (Jour. Bact., 68, 1947, 249.) 
Isolated from stump of a soldier who 
suffered traumatic amputation of a leg 
in the fighting around Monshau, Ger- 
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many. Belongs to Group F. Antigenic 
structure: XXXV: m. t.:—Described 
too recently to be included in the main 
body of the text. 

Salmonella nocardi Pacheco. (Compt. 
rend. Soc. Biol., Paris, 106, 1931, 372 and 
1018.) Pathogenic for parrots and 
pigeons. 

Salmonella oahu Lindberg and Bayliss. 
(Jour. Inf. Dis., 79, 1946, 92.) Isolated 
from a case of gastroenteritis in a soldier 
hospitalized on Oahu. Belongs to Group 
B. Antigenic structure: IV, V, XII: 
1, v: 1, 2, 3 . . . Described too recently 
to be included in the main body of the 
text. 

Salmonella ostrei (Besson and Ehr- 
inger) Ilauduroy et al. (Bacillus ostrei 
Besson and Ehringer, Compt. rend. Soc. 
Biol., Paris, 87, 1922, 1017; Hauduroy et 
al., Diet. d. Bact. Path., 1937, 460.) 
Isolated from oysters. Not pathogenic 
for laboratory animals. 

Salmonella para-asiatica (Castellani) 
Hauduroy et al. (Bacillus paraasiaticus 
Castellani, 1916; see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 960; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 461.) 

Salmonella para-coagulans (Castellani) 
Hauduroy et al. (Bacillus para-coagu- 
Ians Castellani, 1914; see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 950; Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 461.) 

Salmonella pauloensis Gomes. (Rev. 
Inst. Adolfo Lutz, f, 1942,231.) Maybe 
the same as Salmonella columbensis. 
Salmonella pseudO’Osiaiica (Castellani) 
Castellani and Chalmers. (Bacillus 
pseudo-asialicust Castellani, Cent. f. 
Bakt., I Abt., Grig., 66, 1912, 266; Cas- 
tellani and Chalmers, Man. Trop. Med., 
3rd ed., 1919, 940.) 

Salmonella pseudo-asiatica var. mo- 
Mis Hauduroy et al. (Bacillus pseudo- 
asiaticus mobilis Castellani, see Castel¬ 
lani and Chalmers, Man. Trop. Med., 
3rd ed., 1919, 952; Hauduroy et al., 
Diet. d. Bact. Path., 1937,463.) 
SalmoneUa (f) pseudo-carolina (Cas¬ 


tellani) Hauduroy et al. (Bacillus pseu- 
docarolinus Castellani, 1917; see Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
3rd ed., 1919,952; Hauduroy et al.. Diet, 
d. Bact. Path., 1937, 463.) 

Salmonella (f) pseudo-col umbensis 
(Castellani) Hauduroy et al. (Bacillus 
pseudo-columbensis Castellani, see Cas¬ 
tellani and Chalmers, Man. Trop. Med.. 
3rd ed., 1919, 954; Hauduroy et al., 
Diet. d. Bact. Path., 1937 , 464.) 

Salmonella pseudo-morganii (Castel¬ 
lani) Hauduroy et al. (Bacillus pseudo- 
morgani Castellani, see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 954; Hauduroy et al., Diet. d. 
Bact. Path., 1937,464.) 

Salmonella ranicida Ilauduroy ct al. 
(Bacille pathog^ne isol^ dcs grenouilles, 
Gheorghiu and Balmus, Compt. rend. 
Soc. Biol., Paris, 108, 1931, 1002; Hau¬ 
duroy et al.. Diet. d. Bact. Path., 1937, 
466.) Pathogenic for frogs. 

Salmonella saipan Lindberg and Bay¬ 
liss. (Jour. Inf. Dis., 79, 1946, 92.) 
Isolated from a case of gastroenteritis 
in a soldier hospitalized on Saipan. 
Belongs to Group K. Antigenic struc¬ 
ture: III, X, XXVI: z,_Described 

too recently to be included in the main 
body of the text. 

Salmonella schottmulleri var. alvei 
Hauduroy et al. (Bacillus paratyphi 
alvei Bahr, Skand. Veterin. Tidsk., 9, 
1919; Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 469.) Pathogenic for bees 
and wasps. 

Salmonella veboda (Castellani) Castel¬ 
lani and Chalmers. (Bacillus veboda 
Castellani, Jour. Trop. Med. and Hyg., 
20, 1917, 181; Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 939; 
Bacterium veboda Weldin and Levine, 
Abst. Bact., 7, 1923, 13.) 

Salmonella watareka (Castellani) Ber- 
gey et al. (Bacillus watareka Castellani, 
Kept. Advisory Committee for Trop. 
Dis. Research Fund for 1912, London, 
1913; Bacterium watareka Weldin and 
Levine, Abst. Bact., 7, 1923, 13; Bergcy 
et al.. Manual, 1st ed., 1923,219.) 
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Salmonella werahenaia (Castcllani) 
Hauduroy et al. (Bacillua werahenaia 
Castellani, see Castellani and Chalmers, 
Man. Trop. Med., 3rd od., 1919, 956; 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 471.) 

Salmonella weaenbergoidea (Castellani) 
Hauduroy et al. {Bacillua weaenber- 
gotdea Castellani, 1916; see Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed., 1919, 935; Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 471.) 

Salmonella willegoda (Castellani) Cas¬ 
tellani and Chalmers. (Bacillus wille- 
goda Castellani; Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
939.) 

Salmonella woliniae (Castellani) Cas¬ 
tellani and Chalmers. (Bacillus woli¬ 
niae Castellani, Jour. Trop. Med. and 
Hyg., 20, 1917, 181; Castcllani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 939; Bacterium woliniae Wcldin 
and Levine, Abst. Bact., 7, 1923, 13.) 

Appendix II: The follovsing species 
have been thought to belong to the 
genus Eberihella, i.e., do not produce gas 
from glucose. Descriptions of nearly 
all of the species listed in the genus 
Eberthella will be found in the Manual, 
5th ed., 1939, 464-469. 

Bacillus aubentericua Ford. (Studies 
from the Royal Victoria Hosp., Mon¬ 
treal, /, 1903, 10; also see Jour. Med. 
Res., /, 1901, 218.) From feces. 

Bacterium typhi flavum Dresel and 
Stickl. (Deutsche med. Wchnschr., 54, 
1928, 517.) From feces of persons with 
typhoid fever. Cruickshank (Jour. 
Hyg., 55,1935,354) reports that a variety 
of yellow chromogenic saprophytes have 
been identified as belonging to this 
species, none of w’hich could be regarded 
as yellow variants of Salmonella iy~ 
phoaa (Zopf) White. They apparently 
belong in the genus Flavobacterium 
Bergey et al. 

Eberthella alcalifaciena de Salles 
Gomes. (Rivista do Inst. Adolfo Lutz, 


4t 1944, 191.) From catarrhal feces of 
an infant. 

Eberthella belfaatienaia (Weldin and 
Levine) Bergey et al. (Bacterium coli 
anaerogenea Lembke,.Arch. f. Hyg., 26, 
1896, 299; Bacterium lemhkei Migula, 
Syst. d. Bakt., f, 1900, 417; Bacterium 
anaerogenea Chester, Man. Determ. 
Bact., 1901,135; Bacillua belfaatienaia II, 
Wilson, Jour. Hyg., 8, 1908,543; Bacillua 
anaerogenea Holland, Jour. Bact., 5, 
1920, 217; Bacterium belfaatienaia Weldin 
and Levine, Abst. Bact., 7, 1923, 13; 
Bergey et al., Manual, 1st ed., 1923,226; 
Bacillus coli anaerogenea Kerrin, Jour. 
Hyg., 28, 1028,4; Escherichia anaerogenea 
Bergey et al.. Manual, 3rd ed., 1930, 321; 
Castellan us colianaerogenes Castellani, 
Cent. f. Bakt., I Abt., Grig., 125, 1932, 
42.) From feces. 

Eberthella bentotenaia (Castellani and 
Chalmers) Bergey et al. (Bacillus bento- 
tensts Castellani, Cent. f. Bakt., I Abt., 
Grig., 65, 1912,262; Bacterium bentotenaia 
Weldin and Levine, Abst. Bact., 7,1923, 
15; Bergey et al., Manual, Ist ed., 1923, 
227; Castellanus bentotensia Castellani, 
Cent. f. Bakt., I Abt., Grig., 125, 1932, 
42.) From the intestinal canal. 

Eberthella chylogena (Ford) Bergey 
et al. (Bacillua chylogenea Ford, Stud¬ 
ies from the Royal Victoria Hospital, 
Montreal, 1, No. 5, 1903, 62; Bergey 
et al., Manual, Ist ed., 1923,224.) From 
the intestinal canal. 

Eberthella dubia (Chester) Bergey 
et al. (Meiner Bakterie, Bleisch, 
Ztschr. f. Hyg., IS, 1893, 31; Bacillua 
dubiua Kruse, in Fliigge, Die Mikro- 
organismen, 3 Aufi., 2, 1896, 323; Bacillus 
bleischii Kruse, ibid., 704; Bacterium 
dulnus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897,93; Bergey et al.. 
Manual, 1st ed., 1923, 225.) From the 
intestinal canal. 

Eberthella enterica (Ford) Bergey et al. 
(Bacillus entericua Ford, Studies from 
the Royal Victoria Hospital, Montreal, 
1, No. 5, 1903, 40; also see Jour. Med. 
Research, 1, 1901, 211; not Bacillua 
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enlericus Castellani, 1907 (Enteroidea 
entericw Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 941); Bergey 
et al., Manual, Ist ed., 1923,223.) From 
the intestinal canal. 

Eberthella inaeciicola Steinhaus. 
(Jour. Bact., 4S, 1941, 762 and 769.) 
From the intestinal tracts of grass¬ 
hoppers, milkweed bugs and stinkbugs. 

Eberthella kandienais (Castellani) Ber¬ 
gey et al. {Bacillua kandienaia Castel¬ 
lani, Cent. f. Bakt., 1 Abt., Orig., dJ, 
1912,262; Eberthua kandienaia Castellani 
and Chalmers, Man. Trop. Med., 3rd ed., 
1919, 936; Bacterium kandienaia Weldin 
and Levine, Abst. Bact., 7, 1923, 13; 
Bergey et al., Manual, Ist ed., 1923,225.) 
From feces. 

Eberthella lewiaii Weldin. (Organism 
B3*, Lewis, Local Gov. Board Kept. 
Med. Suppl. London, 1910-11, Appen. B, 
No. 2, 1911, 314; Bacterium lewiaii Wel¬ 
din and Levine, Bact. Abst., 7,1923,13; 
Weldin, Iowa State Col. Jour. Sci., /, 
1926,172.) From feces of a normal child. 

Eberthella oedematiens Assis. (Boletin 
do Inst. Vital, Brazil, 5, 1928.) From 
the intestinal canal. 

Eberthella oxyphila (Ford) Bergey 
et al. (Bacterium oxyphilum Ford, 
Studies from the Royal Victoria Hospi¬ 
tal, Montreal, f, No. 5, 1903, 49; Bergey 
etal.,Manual, 1st ed., 1923,224.) From 
the intestinal canal. 

Eberthella pauloensis Mello. (Jornal 
dos Clinicos, Rio dc Janeiro, No. 18-30, 
Sept., 1937, 7 pp ) From feces of a 
dysentery patient. 

Eberthella priztnitzi (Castellani and 
Chalmers) Hauduroy et al. (Bacillus 
priztnitzi Castellani, Jour. Trop. Med. 
and Hyg., 1917, 182; Eberthua prizt- 
niizi Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 936; Bac¬ 
terium priztnitzi Weldin and Levine, 
Abst. Bact., 7,1923,13; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 186.) From 
cases of paraenteric fever. 

Eberthella proteoaimilia Wassilien. 


(Cent. f. Bakt., 1 Abt., Grig., 151^ 1944, 
423.) Colonies show motility on agar. 
From feces of a dysentery patient. 

Eberthella pyogenes (Migula) Bergey 
et al. (Bacillua pyogenes foetidua Pas- 
set, Fortschr. der Med., 1886; Bacillua 
foetidua Trevisan, I generi e le specie 
delle Batteriacee, 1889, 16; Bacterium 
pyogenes foetidua Chester, Ann. Rept. 
Del. Col. Agr. E.xp. Sta., 9, 1897, 141; 
Bacterium pyogenes Migula, Syst. der 
Bakt., £, 1900, 381; Lankoidea pyogenes 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 938; Bacillus pyo¬ 
genes-foetid us Holland, Jour. Bact., 5, 
1920, 220; Bergey et al., Manual, 1st ed., 
1923, 226; Castellanus pyogenes Castel¬ 
lani, Cent. f. Bakt., I Abt., Grig., 126, 
1932, 42.) From a rectal abscess. 

Eberthella talavensis (Castellani) Ber¬ 
gey et al. (Bacillus talavensis Castel¬ 
lani, Cent. f. Bakt., I Abt., Grig., 65, 
1912, 262; Eberthus talavensis Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed , 1910, 936; Bacterium talavensis 
Weldin and Levine, Abst. Bact., 7, 1923, 
13; Bergey et al., Manual, Ist ed., 1923, 
225.) From the intestinal canal. 

Eberthella tarda Assis. (Boletin do 
Inst. Vital, Brazil, 5, 1928.) From the 
intestinal canal. 

Eberthella wesenbergi (Castellani and 
Chalmers) Hauduroy et al. (Bacillua 
wesenberg Castellani, 1913; Wesenbergua 
wesenbergi Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 940; 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 191.) 

Eberthella wilsonii Weldin. (Bacillus 
belfastiensis V, Wilson, Jour. Hyg., 6, 
1908, 543; Weldin, Iowa State Col. Jour. 
Sci., /, 1926, 174.) From feces. 

Eberthella xenopa Schrirc. (Trans. 
Royal Soc. So. Africa, 17, 1928, 43.) 
From wound infection in frogs. 

Weaenbergus fermentoaua Castellani 
and Chalmers. (Man. Trop. Med., 3rd 
ed., 1919,940.) From blood. Isolated by 
Archibald in the Anglo-Egyptian Sudan. 
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Genus //. Shigella Castellani and Chalmers,* •• 

(Castellani and Chalmers, Man. Trop. Med., 3rd ed., 1919, 936; subgenera. Flex- 
nerella and Shigella, Castellani and Chalmers, ibid., 938; Castellanus Carruti, Jour. 
Trop. Med. and Hyg., July 15,1930; Proshigella Borman, Stuart and Wheeler, Jour. 
Bact., iS, 1944, 363.) Named for Prof. I. Shiga, the Japanese bacteriologist who dis¬ 
covered the dysentery bacillus in 1898. 

Non-motile rods, although cultures of some of the less well-known species have been 
reported as motile. Produce acid but no gas from carbohydrates except with some 
types of Shigella paradysenieriae. Do not liquefy gelatin. Some species produce 
acid from lactose and form indole. Some species reduce trimethylamine oxide to 
trimethylaminc, others do not.f Some species will grow at 45.5®C (Eijkman test).! 
Pathogenic (causing dysenteries) or non-pathogenic species, all living in the bodies 
of warm-blooded animals. Carried by polluted water supplies and by flies. 

The type species is Shigella dysenteriae (Shiga) Castellani and Chalmers. 

Key to the species of genus Shigella/* 

I. No acid from mannitol. 

A. No acid from lactose. Milk not coagulated. 

1. Indole not produced. 

a. Acid but no gas from glucose. 

1. Shigella dysenteriae, 

aa. Acid and a small amount of gas from glucose. 

4a. See Shigella paradysenieriae 
(Type Newcastle). 

2. Indole produced. 

2. Shigella ambigua, 

B. Acid formed slowly from lactose. 

1. Indole not produced. 

3. Shigella ginlollcnsis. 

II. Acid from mannitol (one tyi>e produces a small amount of gas). 

.\. No acid from lactose. 

1. No arid from rhamnose, xylose or dulcitol. 

4. Shigellaparadgsenteriae. 

2. Acid from rhamnose, xylose and dulcitol. 

5. Shigella alkalescens. 

3. Acid from xylose but not from dulcitol. 

6. Shigella pfaffii. 

B. Acid formed slonly from lactose. 

1. Indole not produced. 

a. Acid from rhamnose. None from xylose. 

7. Shigella sonnei. 

aa. No acid from rhamnose. Acid from .xylose. 

8. Shigella equiruUs, 


* Completely revised by Dr. Frederick Smith, McGill University, Montreal, P. Q.. 
Canada, December, 1938; further revision, April, 1946. 
t Wood, Baird and Keeping, Jour. Bact., 4^, 1943,106. 

X Stuart and llustigian. Jour. Bact., 46,1943,105. 

•• See Weil, Jour. Immunology, 56, 1947, 363-405. 
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2. Indole produced, 
a. Acid from dulcitol. 

aa. No acid from dulcitol. 

III. Action on mannitol unknown. 

A. No acid from lactose. 

1. Indole is produced. 


1. Shigella dysenteriae (Shiga) Cas- 
tellani and Chalmers. (Bacillus of Jap¬ 
anese dysentery, Shiga, Cent. f. Bakt., 
I Abt., £3, 1898,599; Bacillus dysenteriae 
Shiga, Cent. f. Bakt., I Abt., 2^^ 1898, 
817; Bacillus japanicHs Migula, Syst. d. 
Bakt., 2, 1900, 755; Bacillus shigae 
Chester, Man. Determ. Bact., 1901, 228; 
Bacillus dysentericus Ruffer and Will- 
more, Brit. Med. Jour., 2, 1909, 862; 
Bacterium dysenteriae Lehmann and 
Neumann,Bakt. Diag.,5 Aufl.jJ?, 1912,348; 
not Bacterium dysenteriae Chester, Man. 
Deterro. Bact., 1901, 145; Castellani 
and Chalmers,Man. Trop. Med., 3rd ed., 
1919, 935; Bacterium shigae Holland, 
Jour. Bact., 5, 1920, 220; Eberthella 
dysenteriae Bergey et al.. Manual, 2nd 
ed., 1925,250.) Latinized, of dysentery. 

Rods: 0.4 to 0.6 by 1.0 to 3.0 microns, 
occurring singly. Non-motile. Gram- 
negative. 

Gelatin colonies: Small, grayish, 
smooth, homogeneous, entire to slightly 
undulate. 

Gelatin stab: Grayish surface growth. 
No liquefaction. 

Agar slant: Grayish, filiform to echinu- 
late, smooth, entire to undulate growth. 

Broth: Slightly turbid, with grayish 
sediment. 

Litmus milk: Slightly acid, then alka¬ 
line. 

Potato: Delicate, grayish to slightly 
brownish streak. 

Indole not produced. 

Nitrites produced from nitrates. 

Acid but no gas from glucose, fructose, 
raffinose, glycerol and adonitol. Does 
not attack arabinose, xylose, maltose. 


9. Shigella ceylonensis, 

10. Shigella madampensis. 


11. Shigella septicemiae. 

lactose, sucrose, salicin, maxmitol, dul¬ 
citol or rhamnose. 

Docs not reduce trimethylamine oxide 
(Wood et al., Jour. Bact., -fd, 1943,106). 

Aerobic, facultative. 

Optimum temperature 37 ®C. Does 
not grow at 45.5*’C (Eijkman’s reaction, 
Stuart et al.. Jour, l^ct., 4d, 1943,105). 

Serologically homogeneous and differ¬ 
ent from the other species of Shigella. 
Forms a potent exotoxin. 

Source: From widespread epidemics of 
dysentery in Japan. 

Habitat: A cause of dysentery in man 
and monkeys. 

2. Shigella ambigua (Andrewes) Wel- 
din. (Bazillus Schmitz, Schmitz, 
Ztschr. f. Hyg., 84, 1917, 449; Bacillus 
ambiguus .\ndrewes, The Lancet, I94t 
1918,560; Bacillus dysenteriae** Schmitz”, 
Murray, Jour. Roy. Army Med. 
Corps, SI , 1918,257; Bacterium ambiguum 
Levine, Abst. Bact., 4» 1920, 15; not 
Bacterium ambiguum Chester, Del. Col. 
Agr. Exp. Sta. Ann. Rept., II, 1900, 59; 
Eberthella ambigua Bergey et al., Man¬ 
ual, 1st ed., 1923, 229; Bacillus para* 
dysenteriae X, Stutzer, Cent. f. Bakt., 1 
Abt,, Orig., 90, 1923, 12; Bacterium 
schmitzii Wehiin and Levine, Abst. 
Bact., 7, 1923, 13; Weldin, Iowa State 
College Jour. Sci., I, 1927, 177; Shigella 
.schmitzii Hauduroy et al.. Diet. d. 
}3act. Path., 1937, 496.) From Latin, 
uncertain. 

Morphology and colony characters in¬ 
distinguishable from those of Shigella 
dysenteriae. 

Acid from glucose and rhamnose. 
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Does not attack xylose, maltose, lactose, 
sucrose, dextrin, glycerol, mannitol or 
dulcitol. 

Indole is produced. 

Does not reduce trimcthylamine oxide 
(Wood et al., Jour. Bact., 1943, 106). 

Aerobic, facultative. 

Optimum temperature 37®C. Does 
not grow at 45.5'’C (Stuart et al.. Jour. 
Bact., Jfi, 1943, 105). 

Serologically homogeneous and differ¬ 
ent from the other species of Shigella. 
Does not form an exotoxin. 

Source: Found in feces in a dysentery 
epidemic in a prison in Germany. 

Habitat: A cause of human dysentery. 

3. Shigella gintottensis (Castellani) 
Ilauduroy et al. {Bacillus ginioilensis 
Castellani, 1910; see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 948; Lankoides ginioilensis Castel¬ 
lani and Chalmers, ibid.,93S; Casiellanua 
ginioilensis Castellani, 1930; Castellani, 
Jour, Trop, Med, and Hyg., 85, 1933, 
109; Ilauduroy et al., Diet. d. Bact. 
Path., 1937, 488.) 

Rods; Non-motile. Gram-negative. 

Morphology and cultural characters 
indistinguishable from those of Shigella 
dysenleriae. 

Litmus milk: Acid and coagulation; 
decolorized. 

Indole not formed. 

Acid, but no gas, from lactose, glu¬ 
cose, arabinose and galactose. No acid 
from sucrose, dulcitol, mannitol, mal¬ 
tose, dextrin, raffinose, adonitol, inulin, 
sorbitol, levulose, inositol, salicin and 
glycerol. 

Antigenic structure not known. 

Source: From feces in cases of dysen¬ 
tery. 

Habitat: A cause of human dysentery 

4. Shigella paiadysentertae (Collins) 
Weldin. (Bacillus dysenleriae Flemer, 
Phil. Med. Jour., d. 1900, 414; BaciUus 
dysenieriae Hiss and Russell, Medical 
NewSf 1903, 289; BaciUus dysenieriae 
Strong, Jour. Amer. Med. Assoc., 55, 


1906, 498; BaciUus paa^adysenteriae Col¬ 
lins, Jour. Inf. Dis., f, 1905,620; includes 
weakly toxic strains of dysentery bacilli, 
Groups I and II, Sonne, Cent. f. Bakt., 
I Abt., Orig., 75, 1915, 408; ShigeUa 
fiexneri Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 937; Shigella 
dysenieriae (Hiss and Russell, and Strong 
types) Castellani and Chalmers, ihid.^ 
937; not Shigella paradysenteriae Castel¬ 
lani and Chalmers, ibid., 9S7; BaciUus 
fiexneri Levine, Jour. Inf. Dis., 27, 1920, 
31; Bacterium fiexneri Levine, Abst. 
Bact., 1920, 15; Bacterium dysenieriae 
(Flexner type) and Bacterium paradysen- 
ieriae Holland, Jour. Bact., 5, 1920, 215; 
Eberlhella fiexneri Weldin and Levine, 
Abst. Bact., 7, 1923, 13; Eberlhella para¬ 
dysenteriae Bergey et al.. Manual, 1st 
ed., 1923, 230; Weldin, Iowa State Col¬ 
lege Jour. Sci., 7, 1927, 178.) Latinized, 
like dysentery. 

Rods: 0.5 by 1.0 to 1.5 microns. Non- 
motile. Gram-negative. 

Morphologically these organisms are 
like Shigella dysenieriae. 

Culturally these organisms differ from 
Shigella dysenieriae in that they ferment 
mannitol. No acid is produced from 
lactose, rhamnose, xylose or dulcitol. 

Docs not reduce trimethylamine oxide 
(Wood et al.. Jour. Bact., ^6, 1943,106). 

Does not form a potent exotoxin. 

Aerobic, facultative. 

Optimum temperature 37®C. Does 
not grow at 45.5®C (Stuart et al., Jour. 
Bact., J^e, 1943, 105). 

Antigenically the organisms of this 
species are not homogeneous. 

Boyd (Trans. Roy. Soc. Trop. Med. 
and Hyg., 55, 1940, 553) has shown that 
the mannitol-fermenting Shigella include 
many organisms previously unknown or 
unclassified because they did not agree 
with the classical types of Andrewes and 
Inman (Med. Res. Council, Special 
Rept. Ser. No. 42, London, 1919). With 
these, on grounds of antigenic structure, 
will be included the gas-forming Man¬ 
chester bacillus of Downie, Wade and 
Young (Jour. Hyg., 55, 19^, 196) and 
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both inaimitol'fermeuting and nun-fer¬ 
menting Newcastle bacilli (Clayton and 
Warren, Jour. Hyg., 28, 1929, 355 and 29, 
1929, 191). 

The following* tables are taken from 
Boyd (foe. cit.). 


Table 1.—ClaaBificatioo of ShtgtUa paradjfaenteriae. 


New Namt 

Old Name 

Baeillui dptisnteriae Flexser I 

Andrewea and 
Inman V 

(Flexner) 

BeetZItM df/mnUriat Flexner II 

Andrewes and 
Inman W 

(Strong) 

BoeiUiM dpsenieriae Flexner III 

Andrewes and 
Inman Z 

BucHlua dyMtnUruu Flexner IV 

Type 103 

JSeetUtt# dpsenteriae Flexner V 

Type P 119 

Baalltis djfittUeriae Flexner VI 

88-Newcaatle- 
1 Manchester 
group 

BaeiUuM dyattUrioe Boyd I 

Type 170 

BoteiUuM dyunUrise Boyd II 

Type P 288 

BsciUui dystnUrias Boyd III 

Type D1 


The six Flexner types possess a com¬ 
mon group antigen and separate type- 
specific antigens. The three Boyd types 
are distinct antigenically from each 
other and from the Flexner types. 

Two new' Flexner types (Type 953 — 
provisional Type VII and Type 1296/7 
« provisional Type VIII) have been 
described by Francis (Jour. Path, and 
Bact., 68, 1946, 320) as this section goes 
to press. Also see Boyd (ibid., 297). 


Table 2. —SubclBssification of BactUua dysrntertae 
Flexner VI (including the Newcaetle bacillus). 


1 

- - I 

Lactose 

Glucose 

Mannitol 

Dulcitol 

Sucrose 

Type 88 (33 per 
cent of strains) 


A 

A 



Type 88 (80 per 
cent of strains) 


A 

A 

(late) A 


Manchester ba¬ 
cillus . 

_ 

AG 

AG 

(late) AG 


Nenreastle bacih 
iQS. 

- 

AO 

1 

1 (late) AO 



Source: From feces in cases of dysen¬ 
tery. 

Habitat: A cause of dysentery in man. 
A cause of summer diarrhoea in children. 

Note: The term Bacillus paradysen- 
teriae is used by Kruse (Mlinch. med. 
Wchnschr.,. 1917, 1309) for the Esche¬ 
richia colt-like motile and gas-forming 
Gram-negative rods that have been' 
found to cause dysentery-like diseases. 
Kruse (Deut. med. Wchnschr., 27, 1901, 
388) uses the term pscudodysentery for 
the group that includes the Flexner, 
Strong, and Hiss and Russell types. 
See Lehmann and Neumann, Bakt. 
Diag., 7 Aufl., 2, 1927, 450. Gardner 
(Med. Res. Council, System of Bacteriol¬ 
ogy, 1929, 170) states that ‘‘Kruse's 
terms B. dysenteriae for Shiga, and Ba¬ 
cillus pseudodysenteriae for the Flexner- 
Sonne-Schmitz groups have, however, 
never taken root outside the German- 
speaking world" 

4a. iShigella paradysenteriae (Type 
Newcastle). (Clayton and Warren, 
Jour. Hyg., 28, 1929, 355 and 29, 1929, 
191; Bacillus dysenteriae I'lexner VI in 
part, Boyd, Trans. Roy. Soc. Trop. 
Med. and Hyg., SS, IIMO, 553.) 

Rods: Non-motile. Gram-negative. 

In peptone water solution, lactose, 
mannitol, and sucrose not fermented. 
Glucose, maltose and dulcitol fermented. 

Peculiarities of the organism are: (1) 
Occasionally a slight bubble of gas is 
produced from glucose and dulcitol, (2) 
when the substrate is dissolved in beef 
extract broth, glucose, dulcitol and mal¬ 
tose are alw'ays fermented to gas and 
acid. 

Does not reduce triinothylamine oxide 
(Wood et al., Jour. Bact., 1943, 106). 

Optimum temperature 37®C. Does 
not grow at 45.6®C (Stuart ct al., Jour. 
Bact., Ji6, 1943, 105). 

Aerobic, facultative. 

Serologically related to the mannitol- 
fermenting strains of Shigella paradyeen* 
teriae. 
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Source; Isolated in 1925 from a case of 
diarrhoea in Ncwcastle-on-Tyne, Eng¬ 
land. 

Habitat: A cause of human dysentery. 

4b. Shigella paradysenteriae (Typo 
Manchester). (I)ownie, Wado and 
Young, Jour. Hyg., 83, 1933, 196; Bacil¬ 
lus dysenteriae Flexner VI in part, Boyd, 
Trans. Roy. Soc. Trop. Mod. and Hyg., 
55, 1940, 553.) 

Characters as for Type Newcastle ex¬ 
cept that acid and gas arc produced 
from mannitol. Does not produce gas 
from maltose. 

Serologically related to the non-manni¬ 
tol-fermenting strains of Shigella para¬ 
dysenteriae. 

Source: Five strains were isolated from 
cases of dysentery at Denton near Man¬ 
chester, England. One strain came 
from a case of dysentery in Nigeria. 

Habitat: A cause of human dysentery. 

5. Shigella alkalescens (Andrew es) 
Weldin. {Bacillus alkalescens .\n- 
drewes. The Lancet, London, 194, 1918, 
560; Bacterium alkalescens Levine, Jour. 
Inf. Dis., f7, 1920. 31; Ebcrthella Alka¬ 
lescens Bergey et al., Manual, 1st ed., 
1923, 231; Weldin, Iowa State College 
Jour. Sci., 7, 1927, 179; Proshigella alka¬ 
lescens Borman, Stuart and Wheeler, 
Jour. Bact., 48, 1944 , 303.) From the 
chemical term, alkaline. 

Rods: 0.5 by 1.0 to 1.5 microns, occur¬ 
ring singly and in pairs. Non-motile. 
Gram-negative. 

Gelatin stab: No liquefaction. 

Agar slant: Abundant, transparent, 
often iridescent growth. 

Broth: Turbid. 

Litmus milk: Acid, then alkaline. 

Potato: Moderate, grayish growth. 

Indole is formed. 

Acid but no gas from glucose, xylose, 
rhamnosc, maltose, mannitol and dulci- 
toL Sucrose is fermented by some 
strains. Does not attack lactose, dex¬ 
trin or salicin. 

Reduces trimethylamine oxide to tri- 


methylamine (Wood et al.. Jour. Bact., 
46, 1943, 106). In contrast to all other 
species of the genus, will also produce 
trimethylamine from choline (Wood and 
Keeping, Jour. Bact., 47, 1944 , 3j9). 

Aerobic, facultative. 

Optimum temperature 37®C. Grows 
at 45.5°C (Eijkman^s reaction, Stuart 
et al., Jour. Bact.. 46, 1943, 105). 

Not pathogenic. Not agglutinated 
by Shiga immune serum. 

Source: From feces in cases of dysen¬ 
tery. 

Habitat: Intestinal canal. 

6. Shigella pfaffii (Hadley ctal.) Wel¬ 
din. (Bacillus dor kanarienvogelseuche, 
Pfaff, Cent f. Bakt., I Abt., Orig., 38, 
1905, 276; Bacterium pfaffi Hadley, El¬ 
kins and Caldw'ell, Rhode Island Agr. 
Exp. Sta Bull. 174, 1918, 169; Bacillus 
pfaffi Hadley, Elkins and Caldwell, 
ibid.. 204; Ebcrthella pfaffi Bergey et al.. 
Manual, Jst ed., 1923, 232; Weldin, 
Iowa State College Jour. Sci., 1, 1927, 
180.) Named for Dr. Franz Pfaff of 
Prague who isolated this species. 

Description largely from Hadley et al. 
{loc. cit., 180). 

Rods: 0.5 by 1.0 to 2.0 microns, occur¬ 
ring singly. Non-motile. Gram-nega¬ 
tive. 

Gelatin colonies: Small, grayish, trans¬ 
lucent. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, yellowish-gray, 
homogeneous, translucent, entire. No 
odor. 

Agar slant: Slight, yellowish-gray, 
translucent streak. 

Broth: Turbid, with flocculent sedi¬ 
ment (Pfaff, loc. cit., 280). 

Litmus milk: Unchanged. 

Potato: Moderate, \vhitish streak. 

Acid but no gas from glucose, fructose, 
arabinose, xylose, maltose, dextrin, 
salicin and mannitol. Does not attack 
lactose, sucrose, raffinose, inulin, adoni- 
tol or dulcitol. 

Indole not formed. 

No hydrogen sulfide produced. 
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Nitrites not produced from nitrates. 

Pathogenic for canaries, sparrows, 
pigeons, white mice, guinea pigs and 
rabbits. Not pathogenic for chickens 
(Pfaff, loc. cit., 280). 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: First encountered in an epi¬ 
demic of septicemia in canaries. Caused 
a necrotic enteritis. 

Habitat: Not known from other 
sources. 

7. Shigella sonnei (Levine) Weldin. 
(Duval’s bacillus, Duval, Jour. Amer. 
Med. Assn., 43, 1904 , 381; Pseudodysen¬ 
tery bacillus E, Kruse, Deutsche med. 
Wchnschr., 33, 1907, 292, 338; Bacillus 
ceylonensia A, Castcllani, Jour. Hyg., 
7, 1907, 1; Group III of Sonne, Sonne, 
Cent. f. Bakt., I Abt., Orig., 75, 1915, 
408; Bacillus dispar (in part) Andrewes, 
Lancet, 1, 1918, 560 (see Shigella cey- 
lanensis and Shigella madampensis); Ba¬ 
cillus of Sonne, Thj0tta, Jour. Bact., 4y 
1919, 355; Bacterium sonnei Levine, 
Jour. Inf. Dis., 37, 1920, 31; Bacillus 
dysenteriae Sonne, Smith, Jour. Hyg., 33, 
1924, 94; Weldin, Iowa Sta. Coll. Jour. 
Sci., f, 1927, 182; Casiellanua kruse- 
castellani Cerruti, Jour. Trop. Med. and 
Hyg., 33, 1930, 207; Shigella paradysen- 
teriae var. sonnei Bergey et al , Manual, 
4th cd., 1934 , 393; Proshigclla sonnei 
Borman, Stuart and Wheeler, Jour. 
Bact., 43, 1944, 363.) Named for Dr. 
Carl Sonne, who worked with this 
organism. 

Rods; Non-motile. Gram-negative. 

Gelatin: No liquefaction. 

Agar colonies: Cultures dissociable 
into two types: (1) Glistening sur¬ 
face, 2 mm in diameter in 24 hours, soft, 
grayish, edge entire; (2) Granular sur¬ 
face, 3 to 4 mm in diameter in 24 hours, 
soft, grayish, edge tending to spread un¬ 
evenly, surface developing, after some 
days, papillae (daughter colonies) w hich 
are lactose-fermenting. Some colonies 
of type 1 change to type 2 on continued 


incubation. The colony types do not 
breed true. 

Broth: Many authors stress the floccu- 
lent growth, associated with spontaneous 
agglutination in saline solution. These 
appear to be dependent on growth condi¬ 
tions and time of incubation. 

Litmus milk: Acid and wdth about 50 
per cent of strains coagulation. Coagu¬ 
lation tends to occur later than the fer¬ 
mentation of lactose in peptone water. 

Indole is not pro<luced. 

Acid, but no gas, from lactose (about 
2 per cent of strains arc lactose-negative 
after 2 months incubation), glucose, 
fructose, maltose, galactose, rhamnose, 
mannitol, arabinose, raffinose and suc¬ 
rose. No arid from dulcitol, inulin, 
inositol, adonitol, xylose (.xylose is occa¬ 
sionally fermented) and salicin. 

Fermentation of substances other than 
the monosaccharides may require days 
or weeks. 

Reduces trimethylaminc oxide to tri- 
methylamine (Wood et al , Jour. Bact., 
46, 1943, 106). 

Serologically Shigella sonnei is divis¬ 
ible into two types, w’hich do not corre¬ 
spond with the colony types described 
above. Most freshly isolated strains 
absorb agglutinins completely from all 
Shigella sonnei antisera, w’hile most stock 
strains absorb only partially from other 
than antisera of the second serological 
type. There exist minor serological re¬ 
lationships between Shigella sonnei and 
Shigella paradysenieriae. Shigella alka- 
lescens and Shigella madampensis. 

Optimum temperature 37®C. Grows 
at 45.5®C (Stuart et al.. Jour. Bact., 46, 
1943, 105). 

Source; From feces in cases of dysen¬ 
tery. 

Habitat: A cause of mild dysentery in 
man; summer diarrhoea in children. 

8. Shigella equinilis (de Blieck and 
van Heelsbergen) Edw^ards. (Bacillus 
nephritidis equi Meyer, Transvaal Dept. 
Agr. Kept. Gov. Bac., 1908-1909, 122; 
Bacterium viscosum equi Magnusson, 
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Svensk. Veterinartijdskr., 1917,81; also 
see Jour. Comp. Path, and Therap., 5F, 
1919, 143; BacxlhiH equuli van Straaten, 
VershiK van dm Workzaamheden der 
UijkssfTuniinrichting voor 1916-1917, 
Rotterdam, 1918, 75; Hnrlvrium pyosep^ 
ttcii,s vqm do Hliock and van lloolsbcrgen, 
Tydsclir. v. DiergeuecHk., 46, 1919, 492; 
Bacillus equirulis tie Hlieck and van 
Hcel.shorgen, tbid., 496; Bacterium pxjo- 
aeplicum viscusutn Meiasner, Deut tier- 
artzl. Wohnschr., 1921, 185; Bacte¬ 
rium pytmpticum (viscosinu) equi Ltitje, 
Deut. tiorarztl. Wehnschr., 29, 1921,463; 
Bacterium pqnsepticum {viscosum) Meiss¬ 
ner and Berge, Deut. tierarztl. VVVhn- 
schr., SO, 1922. 473; Bacterium pyusepii- 
cwmMeissner, Deut.tierartzl.Wehn.schr., 
St, 1923, 348; Bactenum pyosepticnm equi 
Landien, Inaug Diss., ifanover, 1923, 
Bacillus pyoscpticus ('larenberg, Ztschr. 
f. Infektskr. u Hyg. d. Haust., 27, 1924, 
193; Bacteriuu rqui Weldin and Levine, 
Abst. Haet., 7, 1923, 13; EbcrthcUa vif^- 
vosa Snyder, .lour. Amer. Vet. Med. 
Asfioe., m, 1925, 481; Shigella equi Wel- 
tlin, loua Sta. Co\, Jour. Sci., 1, 1927, 
121; Shigella viscosa Bergey et al., 
Manual, 3rd ed , 1930, 363; Edwards, 
Kentucky Agr. Exp. Sta. Res. Bui. 320, 
1931.) 

While awaiting further information, 
the binomial introduced by Edwards is 
used for this species although Haupt of 
Leipzig points out in a personal com¬ 
munication to Edwards (1934) that van 
Straaten's original name was Bacillus 
equuli. The binomial Bacillus equirulis 
is stated to have appeared first in the 
article by de Blieck and van Heels- 
bergen, loc. cit. 

Description from Edw'ards {loc. cit.). 

Rods: 0.3 to 0.4 by 0.4 to 0.8 micron, 
occurring singly, in chains and filaments. 
Young cultures (8 to 10 hrs.) frequently 
show long filaments and streptococcus- 
like chains as well as large, yeast-like 
bodies with projections. Rough mucoid 
colonies consist of short, oval rods. 
Smooth colonies contain long filaments 
and streptococcus-like chains. Rough 


colonies arc always mucoid. Non-mu¬ 
coid colonies are always smooth. Cap¬ 
sules described but uncertain. Xon- 
motile. Gram-negative. 

Gelatin colonies: Grayish-white, cir¬ 
cular, translucent r 

Gelatin stab: Xail-head, moderate 
growth along line of stab. No lique¬ 
faction. 

Agar colonies: 3 to 5 mm at 48 hours. 
Semi-solid, tough, adherent, circular, 
grayish-white, smooth, moist, glisten¬ 
ing. Rough variants and dw'arf colonies. 

Agar slant- Grayish-white, viscid 
growth, covering the surface. Viable 8 
to 10 days. 

Broth: Masses form on side of tube. 
At times a thin grayish pellicle. Gray¬ 
ish, tough, ropy sediment. Eventually 
diffuse turbidity which is highly viscous. 
Viability 2 to 4 weeks. 

Litmus milk: Slowly acidified; slimy, 
viscid. Sometimes coagulation and re¬ 
duction. 

Potato: No visible growth. 

Indole not formed. 

Nitrites produced from nitrates. 
Voges-Proskauer test negative. 

Acid but no gas from glucose, fructose, 
xylose, lactose, galactose, maltose, suc¬ 
rose, mannitol and raffinoso. Dextrin 
usually fermented No .action in rham- 
nose, dulcitol, sorbitol or inositol. 
Usually no action in salicin, adonitol 
and arabinose. 

Does not reduce trimethylamine oxide 
(Wood et al., Jour. Bact., 46, 1943, 106). 

Does not grow* at 45.5®C (Stuart et al., 
Jour. Bact., 4^, 1943, 105). 

Optimum temperature 37°C. 

Aerobic, facultative. 

Not pathogenic for small e.xperimental 
animals. Produces abscesses and stiff¬ 
ening of the joints when injected subcu¬ 
taneously in horses. 

Serologically heterogeneous. Nothing 
is knowm of its antigenic relations to 
other members of the genus. Haupt 
writes in a personal communication that 
comparative serological studies indicate 



542 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


that this species should be placed in the 
genus AciinobaciUus, 

Distinctive characters: Differentiation 
from ShigeUa sonnei is made on cultural 
and morphological grounds and imme¬ 
diate fermentation of lactose. 

Source: Isolated from cases of joint- 
ill in foals. 

Habitat: Causes joint-ill in foals. 

9. Shigella ceylonensis (Castellani) 
Weldin. (Bacillus ceylonensis B, Cas¬ 
tellani, Jour. Hyg., 7, 1907, 1; Bacillus 
diepar (in part) Andrewes, Lancet, f, 
1918, 560 (see Shigella madampensis and 
Shigella sonnei. Andrewes included in 
Bacillus dispar all lactose-fermenting 
members of the dysentery group); 
Lankoides ceylonensis B, Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919,938; Eherthella dispar Bergey et al.. 
Manual, Ist ed., 1923, 232 (see ShigeUa 
madampensis); Weldin, Iowa Sta. Coll. 
Jour, ^i., f, 1927, 182; Castallanus cas- 
teUanii Cerruti, Jour. Trop. Med. and 
Hyg., SS, 1930, 207.) Latinized, per¬ 
taining to Ceylon. 

Rods: Non-motile. Gram-negative. 

Morphology and colony characters 
indistinguishable from those of Shigella 
dysenteriae. 

Gelatin not liquefied. 

Litmus milk: Acid with coagulation. 

Indole is formed. 

Acid, but no gas, from lactose, glu¬ 
cose, fructose, sucrose, mannitol, dulci- 
tol, maltose, xylose, arabinose, rham- 
nose, sorbitol, raffinose, dextrin and 
glycerol. Inulin, inositol, adonitol and 
salicin not fermented (salicin differen¬ 
tiates Shigella ceylonensis from Bac- 
Urium eoli anaerogenes Lembke, Arch. f. 
Hyg., £8, 1896, 290). 

Substances other than the monosac¬ 
charides are characteristically fermented 
slowly. 

Reduces trimethylamine oxide to tri- 
methylamine (Wood et al., Jour. Bact., 
46, 1943, 106). 

Pathogenic for guinea pigs and rabbits. 

Serologically the organism is stated 
by Castellani to be homogeneous and 


completely different from Shigella mad* 
ampensis and Shigella sonnet. The rela¬ 
tions to other members of the dysentery 
group have not been stated. 

Optimum temperature 37 ®C. Grows at 
45.5®C (Stuart et al., Jour. Bact., 4^, 

1943, 105). 

Source: Isolated from the stools and 
intestines of persons suffering from 
dysentery. 

Habitat: A cause of dysentery in man. 

10. Shigella madampensis (Castellani) 
Weldin. (Bacillus madampensis Cas¬ 
tellani, Cent. f. Bakt., I Abt., Orig., 65, 
1912, 262; Bacillus dispar (in part) An¬ 
drewes, Lancet, f, 1918, 560 (see Shigella 
ceylonensis and Shigella sonnei); Lan¬ 
koides madampensis Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
938; Bacterium dispar Levine, Abst. 
Bact., 4> 1920, 15; Eherthella dispar 
Bergey et al., Manual, 1st ed., 1923, 232 
(see Shigella ceylonensis); Weldin, Iowa 
Sta. Coll. Jour. Sci., f, 1927, 181a; Shi¬ 
gella dispar Bergey et al.. Manual, 3rd 
ed., 1930,364; Proshigella dispar hormnn, 
Stuart and Wheeler, Jour. Bact., 46, 

1944, 363.) 

Neter (Bact. Rev., 6, 19421 26) com¬ 
bines Shigella ceylonensis and S. madam¬ 
pensis into a single species which he 
names Shigella castellanii. 

Strains currently existing in various 
Type Collections as Bacillus dispar have 
biochemical properties indistinguishable 
from those described for Shigella madam¬ 
pensis (Glynn and Starkey, Jour. Bact., 
57, 1939, 315). 

Rods: Non-motile. Gram-negative. 

Morphology and colony characters in¬ 
distinguishable from those of ShigeUa 
dysenteriae. 

Gelatin not liquefied. 

Indole is formed. 

Litmus milk: Acid with coagulation. 

Acid, but no gas, from lactose, mal¬ 
tose, sucrose, arabinose, xylose, glycerol, 
mannitol, rhamnose, glucose, fructose, 
galactose and dextrin. Dulcitol, salicin, 
inulin, inositol and adonitol not fer¬ 
mented. 
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SubbtuiiccH utLer ihuii moiiotfucclmridoB 
iiro charactoristicAlly fermented slowly. 

Itoduces trimethylainino oxide to tri- 
raethyhimine (Wood ot al., Jour. Jiact., 
11)43, 106). 

Serologically the organism is stated 
by (’astellani to he homogeneous and 
completely different from Shigella ccy- 
loncnsia and Shigella aonnei. According 
to Andrewes (loc. cii.). Bacillus diapar 
is serologically clistinct from Shigella 
alkalescens and Shigella paradyaenleriac. 
Fifteen strains (Glynn and Starkey, 
loc, cit.) from various sources, labelled 
Bacillus dispar and conforming to the 
above description, proved to be sero¬ 
logically heterogeneous. 

Optimum temperature 37®C. Grows at 
46.5®C (Stuart et al., Jour. Bact., 46, 
1943,105). 

Source: Isolated from human stools 
and intestines. 

Habitat: Considered by Castellani to 
bo a cause of colitis and cystitis. 

11. Shigella septicaemlae (Bergey et 
al.) Bergey et al. (Bacillus septicaemiac 
anserum exsudalivae Riemer, Cent. f. 
Bakt., I Abt., Grig., 57, im, 648; Eber- 
ihella scpiicacmiae Bergey et al., Manual, 
2nd ed., 1925, 250; Bergey et al.. Manual, 
3rd ed., 19.30, .358.) I^atinized, of septi¬ 
cemia. 

Small rods: 0.5 by 1.5 to 2.0 microns, 
occurring singly, in pairs and in threads. 
Motile. Gram-negative. 

Gelatin colonies: Small,hitc,circular. 

Gelatin stab. Slight, infundibuliform 
liquefaction, becoming complete in sev¬ 
eral weeks. 

Agar colonies: Circular, transparent, 
smooth, homogeneous, entire. 

Agar slant: Soft, grayish-white streak, 
slightly viscid, becoming transparent. 

Does not grow on Endo agar. 

Broth: Slight, uniform turbidity, with 
•light pellicle formation. 

Litmus milk: Unchanged. 

Potato: No growth. 

Blood serum: Yellowish-white streak, 
the medium becoming brownish and 
slowly liquefied. 


Indole is formed after several days. 

Slight acid and no gas from glucose. 
No acid from lactose. 

Hydrogen sulfide is formed. 

Not pathogenic for white mice, guinea 
pigs, chickens or pigeons. Mildly path¬ 
ogenic for ducks. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated from blood, exudates 
and all of the internal organs of geese. 

Habitat: Cause of a fatal septicemia in 
young geese. 

Appendix: The following species are 
also found in the literature. Many are 
incompletely described. 

Bacillus coli dysentcncum Ciecha- 
nowski and Nowak. (Cent. f. Bakt., 
I Abt., Grig., 53,1808,445.) From a case 
of dysentery. 

Bacillus dyaenteriac Migula. (Bacil¬ 
lus of Japanese dysentery, Ogata, Cent, 
f. Bakt., Ilf 1892, 264; Bacillus dysen- 
ieriac liqucfaciens Kruse, in Flflgge, Die 
Mikroorganismen, 3 Aufl , 5, 1896, 284; 
Bacterium dysenteriae liquefaciens Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 102; Migula, Syst. d. Bakt., f, 
1900,641; not Bacillus dysenteriae Shiga, 
Cent. f. Bakt., I Abt., 64, 1898, 817; not 
Bacillus dysenteriae Hiss and Russell, 
Medical News, 89, 1903,289; not Bacillus 
dysenteriae Strong, Jour. Amer. Med. 
Assoc., S5, 1906,498; not Bacillus dysen- 
tcriae Sonne, Smith, Jour. Hyg., 55, 
1924 , 94.) From a case of Japanese 
dysentery. Motile. Gram-positive. 

Bacillus dysentericua Trevisan. (Ba¬ 
cillus dcr Dysenteric, Klcbs, Cent. f. 
Bakt., 9, 1887, 248; Trevisan, I generi e 
le specie dollc Battcrinccc, 1880, 14; not 
Bacillus dysentericua Ruffer and Will- 
more, Brit. Med. Jour., 9, 1909, 862.) 
From feces. 

Bacterium pscudodysentericum Kruse. 
(Kruse, Deutsche mod. Wohnschr., 57, 
1901, 370, 386; Escherichia pscudodysen- 
teriac Bergey et al., Manual, 1st ed., 
1923, 108.) From feces. Motile. 

Bacterium wakefield « Berger. (Jour. 
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Hyg*> 44f 1^1 116-119.) From feces. 
A non^mannitol-fermenting organiam of 
the Flexner group. Wheeler and Stuart 
(Jour. Bact., Ji, 1946, 324) regard this as 
an anaerogenic paracolon. 

Shigella albofaciene (Castellani) Hau- 
duroy et al. (Bacillus albofaciens Cas¬ 
tellani, Meetings of the Ceylon Branch 
of the British Medical Association, 
1905; Hauduroy ct al., Diet. d. Bact. 
Path., 1937, 482.) 

Shigella aTabinotarda, types A and B, 
Christensen and Gowen. (Jour. Bact., 
47, 1944, 171-176.) From cases of 
dysentery in U. S. Army in Tunisia. 
A lactose-negative, mannitol-negative 
Shigella. 

Shigella biensiockii (Schroeter) Bergey 
et al. (Bacillus III, Bienstock, Ztschr. 
f. klin. Med., 8, 18S4; Bacillus coprogenes 
parvus Fltigge, Die Mikroorganismen, 
2 Au6., 1886, 269; Bacillus biensiockii 
Schroeter, Kryptogamen Flora von 
Schlesien, 5,1,1^, 163; Bacillus parvus 
Trevisan, I generi e le specie delle Bat- 
teiiacee, 1889, 15; not Bacillus parvus 
Ndde, Cent. f. Bakt., II Abt., 18, 1904, 
344; Bacterium coprogenes parvus Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1^7, 85; Bacterium biensiockii Ches¬ 
ter, Man. Determ. Bact., 1901, 144; 
Eberthclla biensiockii Bergey et al.. 
Manual, 1st ed., 1923,227; Bergey et al., 
Manual, 3rd ed., 1930,360.) From feces. 

Shigella douglasi (Castellani and 
Chalmers) Hauduroy et al. (Bacillus 
douglasi Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919,946; Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 484.) 

Shigella etousae Heller and Wilson. 
(Jour. Path, and Bact., 68, 1946, 98.) 
From dysentery outbreak in an army 
camp in England. 

Shigella faecaloides (Castellani) Hau¬ 
duroy et al. (Bacillus faecaloides Cas¬ 
tellani, 1915; see Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
946; Hauduroy et al.. Diet. d. Bact. 
Path:, 1937, 488.) 

Shigella giumai (Castellani) Hauduroy 
et al. (Bacillus giumai Castellani, 
Cent. f. Bakt., I Abt., Orig., 65, 1912, 


264; Wesenbergus giumai Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 940; Bacterium giumai Weldin and 
Levine, Abst. Bact., 7, 1923, 15; Sal¬ 
monella giumai Bergey et al., Manual, 
1st ed., 1923, 220; Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 488.) 

Shigella lunavensis (Castellani) Hau¬ 
duroy et al. (Bacillus lunavensis Cas¬ 
tellani, Cent. f. Bakt., I Abt., Orig., 66, 
1912, 264; Bacterium lunavensis Weldin 
and Levine, Abst. Bact., 7, 1923, 16; 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 489.) From feces. 

Shigella metadysenterica var. A, B, C, 
and D (Castellani) Hauduroy et al. 
(Bacillus metadysentericus var. A, B, C, 
and D, Castellani, 1904; see Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed., 1919, 946; Dysenteroides metadysen¬ 
tericus var. A, B, C, and D, Castellani 
and Chalmers, Ami. Inst. Past., $4, 1920, 
607; Castellanus metadysentericus Cas¬ 
tellani, 1930; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 489.) From cases of 
dysentery. 

Shigela negombensis (Castellani) Hau¬ 
duroy et al. (Bacillus negombensis 
Castellani, Cent. f. Bakt., 1 Abt., Orig., 
66, 1912, 262; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 490.) 

Shigella oxygenes (Ford) Bergey et al. 
(Bacterium oxy genes Ford, Studies from 
the Royal Victoria Hospital, Montreal, 
1, No. 5, 1903, 47; Eberthclla oxygenes 
Bergey et al., Manual, Ist ed., 1923,228; 
Bergey et al.. Manual, 3rd ed., 1930, 
360.) From feces. 

Shigella piscatora Bois and Roy. 
(Naturaliste C^nadien, 71, 1945, 259.) 
From the intestine of a codfish (Gadus 
callarias L.). 

Shigella tangallensis (Castellani) Hau¬ 
duroy et al. (Bacillus tangallensis Cas¬ 
tellani, Cent. f. Bakt., I Abt., Orig., 66, 
1912, 266; Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 497.) From feces. 

Shigella tarda (Castellani) Hauduroy 
et al. (Bacillus tardus Castellani, 1017; 
see Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1019,954; Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 407.) 
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FAMILY XI. PARVOBACTERIACEAE RAHN.* 

(Cent. f. Bakt., 11 Abt., 96, 1937, 281.) 

Small, motile or non*motile rods. Gram^negative. Some will grow on ordinary 
media, but the majority either require or grow better on media containing body 
fluids or growth-promoting substances. Some invade living tissues. Usually do 
not liquefy gelatin. No visible gas formed in the fermention of carbohydrates. 
Infection in some cases may take place by penetration of organisms through mucous 
membranes or skin. Parasitic to pathogenic on warm-blooded animals, including 
man. 


Key to the tribes of family Panrobacteriaceae. 

I. Usually grow on ordinary media. 

A. .4erobic to facultative anaerobic. 

1. Show bipolar staining. Majority ferment carbohydrates. 

Tribe I. Pasteurelleae, p. 545. 

2. Do not show bipolar staining. None ferment carbohydrates. 

Tribe II. Brticelleae, p. 560. 

B. Anaerobic 

Tribe III. Bacteroideae, p. 564. 

II. On first isolation dependent on some factor or factors contained in blood or plant 
tissues. Aerobic to anaerobic. 

Tribe IV. Hemaphileae, p. 584. 


TRIBE I. PASTEUKELLEAE CASTELLANI AND CHALMERS. 

(Man. Trop. Med., 3rd ed., 1919, 943.) 

Small, motile or non-motile, ellipsoidal to elongated rods showing bipolar staining. 

Key to the genera of tribe Pasteurelleae. 

I. Milk not coagulated. 

A. Causes hemorrhagic septicemia, pscudotuberculosis, tularemia or plague. 

Genus I. Paeteurella, p. 546. 

II. Milk coagulated slowly and sometimes digested. 

A. Causes glanders or glanders-like infections. 

Genus II. Malleomycea, p. 554. 

III. Milk unchanged to slightly acid. 

A. Associated with actinomycosis in cattle and in man. 

Genus III. Actinobacillua, p. 556. 


* Revised by Prof. E. G. D. Murray, McGill University, Montreal, Canada with the 
collaboration of Prof. Karl F. Meyer, Hooper Foundation, San Francisco, California; 
Prof. W. A. Hagan, Cornell University, Ithaca, New York; Dr. Alice C. Evans and 
Dr. Margaret Pittman, National Institute of Health, Washington, D. C.; Prof. I. F. 
Huddleson, Michigan State College, East Lansing, Michigan; and others, December; 
1938. 
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Gmu9 7. Pasteur^llA Trevisan.* 

(Oeiopsis Trevisan, Alii della Accad. Fiaio-Medico-SUtistica, Milano, Ser. 4,5,1885, 
102; Treviaan, Eendiconti Realc Inatituto Lombardo di Scicnzo o Ix^ttcrc, 1887, 94; 
CtHxobacillua GamalcTa, Cent. f. Bakt., 4t 1888, 167; Eucystia Eiuicrlcin, Sitzber. 
GeaelK Naturf. Freunde, Berlin, 1917, 317.) Named for Louis Pasteur, the French 
scientist. 

Small, Gram*negative, ellipsoidal to elongated rods showing bipolar staining by spe> 
cial methods; aerobic, facultative; may require low oxidation-reduction potential 
on primary isolation; majority ferment carbohydrates but produce only a small 
amount of acid; no or slight lactose fermentation; no gtis |)rodurtion; gelatin not 
liquefied; milk not coagulated; parasitic on man, other mammals and birds. 

The type species is PcLsteurella mtUtocida (Lehmann and Neumann) llosenbusch 
and Merchant. 


Key io the species of genus Pasteurella. 

I. Growth on ordinary media. Growth in milk. 

A. Non-motile and non-flagcllated at 18^ to 26°C. No change or slight acid in 

milk without coagulation. 

1. Indole and HsS produced. No growth in bile. Sorbitol fermented. No 

hemolysis on blood agar. 

1. Pasteurella multocula, 

2. Indole not formed. Hemolysis produced on blood agar. 

2. Pasteurella hemolytica. 

3. Neither indole nor H 2 S produced. Growth in bile. Sorbitol not fermented. 

No hemolysis. 

3. ^Pasteurella pestis. 

B. Motile and flagellated at IS"* to 26*^C. Milk alkaline. Hydrogen sulfide pro¬ 

duced. Indole not formed. 

4. Pasteurella pseudotuherculosis. 

II. No growth on plain agar or in liquid medium without special enrichment No 
growth in milk. 

5. Pasteurella tularensis. 


1. Pasteurella moltocida (Lehmann 
and Neumann) llosenbusch and Mer¬ 
chant. (Virus der Wildseuche, Hueppe, 
Berlin, klin. Wochnschr., 25, 1886, 797; 
Bact4rie ovoide, Lignidres, Recueil de 
Mdd. V5t^r., 75, 1898, 836 (Bull. Soc. 
Centr. M5d. V5t5r., N. S. 60, 1898, 836); 
BaciUus septicaemiae haemorrhagicae 
Sternberg, Man. of Bact., 1893, 498; 
Bacterium septicaemiae hemorrhagicae 
Lehmann and Neumann, Bakt. Diag., 
2 Anfl., 2, 1899, 194; Bacterium muUoei- 


dum Lehmann and Neumann, ibid., 196; 
Bacillus plurisepticus and Bacterium 
avicidum Kitt, in Kolle and Wassermann, 
llandb. d. path. Mikroorg., 1 Au(l., 2, 
1993, 562; Bacillus pleurisepticus Jordan, 
General &ct., let ed., 1998,289; Bacillus 
bipolaris septicus Hutyra, in Kolle and 
Wassermann, Handb. d. path. Mikrooig., 
2 Aufl., 6, 1913, 67; Bacillus bipolaris 
plurisepticus Hutyra, ibid.; Pasteurella 
septica Topley and Wilson, Princip. 
Bact. and Immun., 1st ed., /, 1031, 488; 


^ Rearranged by Mrs. Eleanore Heist Clise, New York State Experiment Station, 
Geneva, New York, in accordance with the suggestions of Mr. Philip C. Harvey and 
Dr. Mark Welsh, Pearl River, New York, November, 1045. 
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PaaUurella pluriseptica Gay et al., 
Agents of Disease and Host l^sistance, 
1935, 730; Rosenbusch and Merchant, 
Jour. Bact., 57, 1939, 85.) From Latin, 
killing many. 

The following are regarded as identical 
^<rith the above but are arranged here 
According to source: 

Pasteurella bollingeri Trevisan. (Mi- 
croparasiten bei eine neue Wild- und 
Rinderseuche, Bollinger, Cber eine neue 
Wild- und Rinderseuche unsw., Miin- 
chen, 1878; Bacterium bipolare multo- 
cidum Kitt, Sitz. Gesell. Morphol. u. 
Physiol., Mttnchen, f, 1885, 24; Trevisan, 

1 generi e le specie delle Battcriacee, 
1889, 21; Bacillus boviseplicus Kruse, 
in Fltiggc, Die Mikroorganismen, 3 Aufl., 
5, 1896, 421; Bacterium boviseplicus 
Chester, Ann. Kept. Del. Coi. Agr. Exp. 
Sta., 5, 1897, 81; Bacterium multocidum 
Lehmann and Neumann, Bakt. Diag., 

2 Aufl., 5, 1899, 196; La Pasteurella bo¬ 
vine, Ligni^res, Recucil de M^d. V6t<5r., 
77, 1900, 537; Bacillus bipolar is bovisep- 
ticus Hutyra, in Kolle and Wassermann, 
Handb. d. path. Mikroorg., 2 Aufl., 6, 
1913, 67; Pasteurella boviseptica Holland, 
Jour. Bact., 5, 1920, 224; Pasteurella 
bovium Hutyra, in Kolle, Kraus und 
Uhlenhuth, Handb. d. path. Mikroorg., 

3 Aufl., 5, 1927-1929 , 487; Pasteurella 
ferarum Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 316.) From domestic cattle 
and deer. 

Pasteurella avicida (Gamaleia) Trevi¬ 
san. (Microbe du cholera des poules, 
Pasteur, Compt. rend. Acad. Sci., Paris, 
90, 1880, 239, 952 and 1030; Granules of 
fowl cholera, Salmon and Th. Smith, 
U. S. Dept. Agr. Ann. Rept., 1880, 438; 
Micrococctis cholerae gallinarum Zopf, 
Die Spaltpilze, 3 Aufl., 1885, 57; Octopsis 
cholerae gallinarum Trevisan, Atti della 
Accad. Fisio-Medico-Statistica, Milano, 
Scr. 4, 5, 1885, 102; Bacillus cholerae 
gallinarum Fltigge, Die Mikroorganismen, 
2 Aufl., 1886, 253; Bacterium cholerae 
gallinarum Schrocter, Kryptogamen 
Flora von Schlcsien, 5, 1, 1886, 155; 
HOhnercholerabacterien, Kitt, Cent. f. 


Bakt., /, 1887,305; Pasteurella cholerae 
gallinarum Trevisan, Rendiconti Reale 
Institute Lombardo di Scienze e Lettere, 
1887, 94; Coccobacillus avicidus Gama- 
lela, Cent. f. Bakt., 4, 1588,167; Trevisan, 
I generi e le specie, delle Batteriacee, 
1889, 21; Bacterium avicidum Kitt, ac¬ 
cording to Chester, Man. Determ. Bact., 
1901, 135; Bacterium cholerae Chester, 
idem\ Bacillus avisepticus and Bacterium 
avisepticum Kitt, in Kolle and Wasser¬ 
mann, Handb. d. path. Mikroorg., 1 
Aufl., 5, 1903, 544; not Bacillus avi- 
septicus Chester, loc. cit., 220; Pasteu¬ 
rella avium Kitt, loc. cit., 562; Pasteu¬ 
rella gallinae Besson, Practical Bac¬ 
teriology, Ix)ndon and New York, 1913, 
447; Pasteurella choltrae-gallinarum 
Winslow et al.. Jour. Bact., 5, 1917, 561; 
Bacillus cholerae-gallinarum Holland, 
Jour. Bact., 6, 1920, 217; Pasteurella 
(iviseptica Holland, ibid., 224.) From 
fowls. 

Pasteurella cuniculicida (Fliigge) 
Trevisan. (Septicamiebacterien, Gaff- 
ky, Mit. kaiserl. Gesundheitsamte, 1, 
1881, 98; Bacillus cuniculicida Fliigge, 
Die Mikroorganismen, 2 Aufl., 1886, 251; 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1889, 21; Bacterium septichae- 
miae Schroeter, Kryptogamen Flora von 
Schlesien, 5,1,1889,155; Bacterium cunic¬ 
ulicida Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 80; not Bacterium 
cuniculicida Chester, Man. Determ. 
Bact., 1901,140; Bacillus cuniculisepticus 
Kitt, in Kolle and Wassermann, Handb. 
d. path. Mikroorg., 1 Aufl., 2, 1903, 562; 
Bacterium lepisepticum Ferry and Hos¬ 
kins, Jour. Lab. and Clin. Med., 5, 1920, 
311; Bacillus bipolaris septicus and 
Bacillus lepiseplicus Ford, Textb. of 
Bact., 1927, 591; Pasteurella lepiseptica 
Holland, Jour. Bact., 6, 1920, 221; Pas¬ 
teurella cuniculi Schiitze, Med. Res. 
Council, Syst. of Bact., London, 4* 1029, 
469; Bacterium leporisepticum Haudu¬ 
roy et al., Diet. d. Bact. Path., 1937, 
314.) From rabbits. 

Pasteurella suiUa Trevisan. (Roth- 
laufstabchen, Loeffler, Arb. kaiserl. Ge- 
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sundheitaamte, 1886, 51; Rothlauf- 
bacillen, Schtlts, ibid.^ 74; Bacillus of 
swine plague, Salmon, Kept. U. S. Dept. 
Agr., Bur. An. Ind., 1886, 87; Bacillus 
parvus ovatus Flilgge, Die Mikroorganis- 
men, 2 Aufl., 1886, 273; Trevisan, Reale 
Instituto Lombardo d. Sci. e Let. Rend., 
Ser. 2, £0, 1887, 94; Bacterium suicida 
Migula, in Engler and Prantl, NatUrl. 
Pfianxenfam., i, la, 1895, 27; Bacillus 
suisepticus Kruse, in FiUgge, Die Mikro- 
oiganismen, 3 Aufl., P, 1896, 419; Bac~ 
terium suiseplicus Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., P, 1897, 80; La 
Pasteurella porcine, Lignieres, Recueil 
de M^d. V4t^r., 77,1900, 391; Pasteurella 
9uiseptica Holland, Jour. Bact., 5, 1920, 
220; Pasteurella suum Hutyra, in Kollc, 
Kraus and Uhlenhuth, Handb. d. path. 
Mikroorg., 3 Aufl., d, 1927-1929, 487.) 
From swine. 

Bacterium bovicida Migula. (Microbo 
del barbone dei bufali, Oreste Armanni, 
Atti. d. R. Istit. d’incoragg. alle scienze 
natur. ecenom. e technol., 1887; Letta 
nella tornata Accad., Sept. 16, 1886; 
Cent. f. Bakt., P, 1887, 50; Atti della 
Conunissione per le malattie degli ani> 
xnali, fPi, 1887; Migula, Syst. d. Bakt., 
P, 1900, 366; Pasteurella buhalseptica 
Reiser, Man. Vet. Bact., 1st ed., 1927, 
195; Bacillus bubalsepticus Kelser, ibid .; 
Bacillus hipolaris bubaliseptictis Haudu> 
roy etal.. Diet. d. Bact. Path., 1937,312.) 
From bufialoes. 

Pasteurella vitvliseptica (Kitt) Ford. 
{Bacillus vitulisepticus Kitt, in Kolle 
and Wassermann, Handb. d. path. Mi< 
kroorg., 1 Aufl., P, 1903, 562; Bacterium 
vitulisepticum Lehmann and Neumann, 
Bakt. Diag., 5 Aufl., P, 1912, 282; Ford, 
Textb. of Bact., 1927, 597.) From 
calves. 

Pasteurella muricida Meyer and Batch- 
elder. (Meyer and Batchelder, Jour. 
Inf. Dis., S9, 1926, 386; Pasteurella 
muriseptica Topley and Wilson, Princip. 
Bact. and Immun., 1st ed., /, 1931, 482; 
not Pasteurella muriseptica Bergey et al., 
Ist ed., 1928, 266 {Bacillus murisepticus 
FlQgge, Die Blikrooivanisinen, 2 Aufl., 


1886, 250; Erysipelothrix muriseptica 
Bergey et al., Manual. 2nd ed., 1925, 
380).) From wild rats. 

Bacillus bipolaris der malignen Meer- 
schweinchen-Phlegmasie of Heymann and 
Kyriasides, Ztschr. f. Hyg,, 1932,119 
(Klebsiella caviae Ilauduroy et al., Diet, 
d. Bact. Path., 1937, 261) is stated by the 
original authors to be closely related to 
this organism. 

Plasaj and Pribram (Cent. f. Bakt., I 
Abt., Orig., 87, 1921, 1) also present a 
classification of the hemorrhagic septi¬ 
cemia bacteria. 

Description from Schiitze (Med. Res. 
Council, Syst. of Bact., I^ondon, 1929, 
451) who prepared it frt)m studies of 230 
strains described by 17 authors during 
the years 1908-1926. 

Short ellipsoidal rods; 0.3 to 1.25 
microns in length, occurring singly, in 
pairs, rarely in chains. Show bipolar 
staining. Non-motile. Gram-negative. 

Gelatin: No liquefaction. 

Agar: Fine translucent growth. Char¬ 
acteristic odor. 

Broth: Uniform turbidity. Charac¬ 
teristic odor. 

Milk: No change in reaction. No 
coagulation. 

Potato: No visible growth. 

Indole is formed. 

Nitrites are produced from nitrates. 

Hydrogen sulfide is produced. 

No hemolysis on blood agar. 

Acid but no gas from glucose, mannitol 
(usually), sucrose, fructose, sorbitol, 
galactose, mannose, xylose (usually) and 
trehalose (usually). No acid from lac¬ 
tose, dulcitol, arabinosc (usually), amyg- 
dalin, maltose (usually), raflinose, 
rhamnose, adonitol, dextrin, inulin, glyc¬ 
erol, salicin (usually) or erythritol. 

Optimum temperature 37®C. Killed 
at temperatures above 45®C. 

Aerobe to facultative anaerobe. 

Three serological types have been 
found on the basis of agglutination tests 
(Little and Lyon, Amer. Jour. Vet. Res., 
4, 1943, 110). 
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Virulent for laboratory animals, espe¬ 
cially mice and rabbits. 

Distinctive characters: Grows on or¬ 
dinary media. Bile salts inhibit growth. 

Source: From numerous domestic ani¬ 
mals and fowls, including cat, dog, cattle, 
horse, goat, sheep, pig, rabbit, chicken, 
and from reindeer, bufTalo, rat, etc. 

Habitat: The cause of hemorrhagic 
septicemia in birds and mammals. 

2. Pasteurella hemolytica Newsom and 
Cross. (Jour. Amer. Vet. Med. Assoc., 80 
(N.S. 55), 1932, 715.) From M. L., 
hemolytic. 

Bipolar staining. 

Blood agar: Hemolysis. 

Indole not formed. 

Acid from dextrin, fructose, galactose, 
glucose, glycerol (usually), inositol, lac¬ 
tose (usually), maltose, mannitol, raf- 
hnosc, sorbitol, sucrose and xylose. No 
acid from arabinose, dulcitol, inulin, 
mannose, rhamnose or salicin. 

No cross-agglutination l>et\\cen Fan- 
ieurella multocida and this species. 

Avirulent for rabbits. 

Source: Twenty strains isolated from 
pneumonia in sheep and eat tie. 

Habitat: Occurs in pneumonia of sheep 
and cattle. 

3. Pasteurella pestls (Ix^hmann and 

Neumann) Holland. (Bacille de la peste, 
Yersin, Ann. Inst. Past., 5, 1894 , 666; 
Pest Bacillus, Aoyama, Ztschr. f. Hyg., 
5/, 1895, 165; Bacterium pestis I^hmann 
and Neumann, Bakt. Diag., 1 Aufl., 5, 
1896, 194; Bacillus pestis bubonicae 

Kruse, in FlUgge, Die Mikroorganismen, 
3 Aufl., 5, 1896, 429; Bacterium pestis 
bubonicae Chester, Ann. Kept. Del. 
Col. Agr. Exp. SU., P, 1897, 81; Bacillus 
pestis Migula, Syst. d. Bakt., £, 1900, 
749; Eucysiia pestis Enderlein, Sitzber. 
Gesell. Naturf. Freundc, Berlin, 1917, 
317; Holland, Jour. Bact., 5, 1920, 219; 
Coccobactllus yersini Neveu-Lemaire, 
Precis Parasitol. Hum., 5th ed., 1921, 
20.) From Latin pestis, plague. 

Rods: 1.0 by 2.0 microns, occurring 


singly. Non-motile. Polar staining. 
Characteristic bladder, safety-pin and 
ring involution forms. Gram-negative. 

Gelatin colonies: Flat, gray, with 
granular margin. 

Gelatin stab: Flat surface growth. 
Arborescent growth in stab. No lique¬ 
faction. 

Agar colonies: Grayish-white, translu¬ 
cent, irridescent, undulate. 

Agar slant: Growth grayish, viscid, 
thin, moist, translucent. Growth slow, 
favored by the addition of blood or so¬ 
dium sulfite. 

Broth: Turbid or clear with flocculi 
in the fluid. Old cultures show a pellicle 
with streamers into the fluid (stalac¬ 
tites). Becomes alkaline more slowly 
than Pasteurella pseudotuberculosis. See 
Bessonowa and Jjenskaja, Cent. f. Bakt., 
1 Abt., Orig., 119, 1930, 430. 

Litmus milk: Slightly acid or un¬ 
changed No coagulation. 

Potato: Scanty, grayish growth. 

Indole not formed. 

Lactose and rhamnose not attacked. 
Variable action on glycerol. 

Nitrites are produced from nitrates. 

Temperature relations: Optimum 25® 
to 30®C. Minimum 0®C. ^^ximum 43® 
to 45®C. 

Aerobic, facultative. 

Source: Buboes, blood, pleural effusion, 
spleen and liver of infected rodents and 
man. Sputum in pneumonic plague. 
Infected fleas. 

Habitat: The causative organism of 
plague in man, rats, ground squirrels and 
other rodents. Infectious for mice, 
guinea pigs and rabbits. Transmitted 
from rat to rat and from rat to man by the 
infected»rat flea. 

Note: Pasteurella pestis and Pas- 
teurella pseudotuberculosis are not defi¬ 
nitely distinguishable by serological 
methods (Schtitze, Med. Res. Council, 
Syst. of Bact., London, 4t 1^29, 478, and 
Wu Licn-teh, in Chun, Pollitzer and Wu, 
“Plague,** National Quarantine Service, 
Shanghai, 1936). Malachite-green broth 
slowly decolorised by Pasteurella peetie 
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and quickly by P. psetidotuberculosia; 
same for methylene blue, Janus green 
and thionin. No growth on Bessonowa 
media (pH 5.9). See Yersinia, p. 703. 

4. Pasteorella pseudotuberculosis 
(Eisenberg) Topley and Wilson, (Ba¬ 
cillus der pseudotuberculose, Pfeiffer, 
Ueber die bacillare Pseudotuberculose bei 
Nagetieren, Leipzig, 1889; Bacillus pseu- 
doiuberculosis Eisenberg, Bakt. Diag., 
3 Aufl., 1891, 294; Streptobacillus pseudo- 
tuberculosis rodenlium Preisz, Ann. Inst. 
Fast., 8, 1894, 231; Bacterium pseudo¬ 
tuberculosis rodenlium Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 8, 1896, 
362; Bacillus pseudotuberculosis roden- 
tium Lehmann and Neumann, ibid., 429; 
Bacterium pseudotuberculosis Migula, 
Syst. d. Bakt., 2, 1900, 374; Corynebac- 
terium rodenlium Bergey et al.. Manual, 
1st ed., 1923, 386; Corynebacieriurn 
pseudotuberculosis Bergey et al., Manual, 
2nd ed., 1925, 394; Topley and Wilson, 
Princip. Bact. and Immun., 1st ed., 2, 
1931, 825; Corynebacieriurn pseudotu¬ 
berculosis rodenlium Kelser, Man. Vet. 
Bact., 2nd ed., 1933, 319; Malleornyces 
pseudotuberculosis rodentlum Pribram, 
Klassifikation d. Schizomyceten, 1933, 
93.) Latinized, false tuberculosis. 

Bacilhis tuberculosis zoogloeicae Malas- 
sez and Vignal (Ann. de Physiol., 1883, 
370) is considered identical with this 
species by Hauduroy et al. (Diet. (i. 
Bact. Path., 1937, 162). 

The original tabular description by 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 294 
is very incomplete. Description taken 
from Topley and Wilson, Princip. Bact. 
and Immun., 2nd ed., 1936, 607 and 
Bessonowa, Lenskaja and Molodtzowa, 
Office Internat. d*Hyg. Publ., 29, 1937, 
2106. 

Small rods: Variable in size and shape. 
Ellipsoidal or coccoid forms 0.8 by 0.8 
to 2.0 microns, with rounded ends, occur¬ 
ring singly. Rod-shaped forms 0.6 by 
lb to 5.0 microns, with rounded ends, 
occurring singly, in groups or in short 
chains. Occasionally long curved fila¬ 


ments. Motile (Weitzenberg, Cent. f. 
Bakt., I Abt., Orig., 13$, 1936, 343). 
Non-acid-fast. Gram-negative. 

Gelatin stab: After 7 days at 22*’C, good 
filiform growth extending to bottom of 
tube. No liquefaction. 

Agar colonies: After 24 hours at 37®C, 
circular, 0.5 to 1.0 mm in diameter, 
umbonate, granular, translucent, gray¬ 
ish-yellow, butyrous; edge entire; dull, 
finely granular or beaten-copper surface; 
differentiated into a raised, more opaque 
center and a flat, clearer periphery with 
radial striation. 

Agar slant: After 48 hours at 37®C, 
growth moderate, confluent, raised, gray¬ 
ish-yellow, translucent, W'ith glistening, 
wavy or beaten-copper surface and an 
irregularly lobate edge. 

Blood agar plate: Good growth. No 
hemolysis. 

Broth: After 24 hours at 37®C, mod¬ 
erate growth with moderate turbidity 
which later clears. Viscous sediment. 
Incomplete surface and ring growth. 
Becomes alkaline more rapidly than 
Pasleurella pcstis. 

Potato: After 7 days at 22®C, a thin 
yellowish membrane which later turns 
brown. 

Indole not formed. 

Litmus milk: Usually slightly alkaline. 

Nitrites produced from nitrates. 

Ammonia is produced. 

Acid but no gas from glucose, maltose, 
mannitol, salicin, arabinose, xylose, 
rhamnose and glycerol. Sometimes acid 
from sucrose. 

Hydrogen sulfide produced. 

Catalase positive. 

Methyl red positive. 

Methylene blue is reduced. 

Voges-Proskauer test negative. 

Temperature relations: Optimum 30®C. 
Minimum 5®C. Maximum 43®C. Ther¬ 
mal death point 60®C for ten minutes. 

Pathogenicity: The cause of sponta¬ 
neous disease in rabbits, rats and guinea 
pigs. Infectious for mice, rats, dogs, 
cats and horses. 

Aerobic, facultative. 
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Source: From a guinea pig inoculated 
with material from a horse suspected of 
having glanders. 

Habitat: Lesions in natural disease in 
animals. Causes pseudotuberrulosis in 
rodents, especially guinea pigs. 

5. Pasteurella tularensis (McCoy and 
Chapin) Bcrgey et al. (Bacterium tula- 
rense McCoy and Chapin, Jour. Inf. Dis., 
10, 1912, 61; McCoy and Chapin, Public 
Health Bull. 63, U. S. Treas. Dept., 
Public Health Service, 1912, 17; Bacillus 
iularense Vail, The Ophthalmic Record, 
23, 1914, 487; also Francis, U. S. 

Hygienic I^b. Bull. 130, 1922; Bergey 
et al., Manual, 1st cd., 1923, 267; Bru¬ 
cella tularensis Topley and Wilson, 
Princip. Bact. and Immun., Ist ed., /, 
1931, 509; Coccobacterium tularense Galli- 
Valerio, Schweiz, med. Wochnschr., 68, 
1938,1206.) From Tulare, the county in 
California in which the disease was first 
observed. 

Description taken from McCV^y and 
Chapin (loc, cit.) and Francis (loc. cit.). 
Further revision by Francis, 1947. 

Equal numbers of cocci and rods; 0.2 
by 0.2 to 0.7 micron, occurring singly. 
Bipolar staining may occur. Capsules 
rare or absent. E.xtremely pleomorphic 
(Hesselbrock and Foshay, J. Bact. 49, 
1945,209) Non-motile. Gram-negative. 

No growth on plain agar or in 
liquid media without special enrichment. 
(Tamura and Gibby, J. Bact. 45,1943,361) 
Filterable through Berkcfeld filters. 

Growth occurs on coagulated egg-yolk 
(McCoy and Chapin, loc, cit,), on blood- 
glucose-cystine agar (Francis, loc. cit.), 
on blood agar, glucose-blood agar and 
glucose serum agar. The addition of 
fresh sterile rabbit spleen to the surface 
of the last three media favors the growth 
of the organism. 

Forms minute viscous colonies after 2 
to 5 days ivhich may attain a diameter of 
4 mm if well separated. Growth readily 
emulsi liable. 

Growth on blood media is gray. May 
cause green discoloration of the blood. 


Rough, smooth and mucoid variants 
liave not been reported. 

Slight acid without gas may be pro¬ 
duced from glucose^ glycerol, maltose, 
mannose, fructose and dextrin. 

Growth soluble in*sodium ricinoleate. 

Hydrogen sulfide produced in a cystine 
medium 

Aerobic. No growth anaerobically. 

Optimum temperature 37®C. Thermal 
death point 56®C for ten minutes. Sur¬ 
vives best at low temperatures, even 
-70“C. 

Pathogenicity: Penetrates unbroken 
skin to cause infection. Buboes and 
areas of necrosis produced in human and 
animal tissue. Infectious for man and 
most rodents, including rabbits, guinea 
pigs, rats, mice, squirrels, ground hogs, 
muskrats, beavers, w'ater rats and 
lemmings. 

Source: Originally isolated from Cali¬ 
fornia ground squirrels and later from 
more than 30 other forms of wild life in 
the United States and elsewhere. Found 
in lesions in man and animals with natu¬ 
ral or experimental infections. Espe¬ 
cially the liver, blood, lymph nodes, and 
spleen of animals. 

Habitat: The cause of tularemia in 
man and transmitted from wild animals 
to man by blood-sucking insects, by con¬ 
tact with infected animals, or by drinking 
water. Disease known in Nort h America, 
Japan, Russia, Norway, Sweden, Austria, 
Turkey, Czechoslovakia and Central 
Germany. Sec Burroughs, Holdenreid, 
Longanecker and Meyer, Jour. Inf. Dis., 
76, 1945, 115 for a complete list of known 
vertebrate hosts. 

Appendix: The following organisms 
may be identical with some of those 
listed above or related to them: 

Bacillus coscoroba Tr^trop. (Trdtrop, 
Ann. Inst. Past., H, 1900,224; not BacH* 
lus coscoroba MacConkey, Jour. Hyg., 6, 
1906, 397.) The cause of sw^an cholera 
in the Antwerp Zoological Garden. 
Trdtrop’s description is that of a Pot- 
tewreUa as is pointed out by GasteUani 
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and Chalmers (Man. Trop. Med., 3rd ed., 
1919, 941). The otganiam described by 
Trdtrop clearly was not the same as that 
in the culture sent by Binot of the Pas* 
teur Institute to MacConkey and de* 
scribed by him (foe. cit.) as a member of 
the ooliform group. Because of Mac* 
Conkey’s studies, the Binot culture has 
been accepted as determining the nature 
of Bacillus coscoroba in many subsequent 
studies of the coliform group, e. g., Bergey 
and Dedian, Jour. Med. Res., 19, 1908, 
182; Levine, Amer. Jour. Pub. Health, 
7, 1917, 785;^Winslow, Ivligler and Roth- 
berg. Jour. Bact., 4, 1919, 485; Bergey 
et al., Manual, 1st ed., 1923, 204; etc. 

Bacillus cunictUicida Migula. (Bacil¬ 
lus der Kaninchenseptikamie, Eberth 
and Mandry, Arch. f. path. Auat., 121, 
1890; Bacillus cuniculicida mobilis Kruse, 
in Fliigge, Die Mikroorganismen, 3 
Aufl., 2, 1896,406; Bacterium cuniculicida 
mobilis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 132; Migula, 
Syst. d. Bakt., 2, 1900, 757; not Bacillus 
cuniculicida FlOgge, Die Mikroorganis¬ 
men, 2 Aufl., 1886, 251.) From perito¬ 
neal exudate of a rabbit. 

Bacillus mustelaecida Trevisan. (Ba¬ 
cillus der Frettchenseuche, Eberth and 
Schtmmelbusch, Fortschr. d. Med., 6, 

1888, 295; also see Arch. f. path. Anat., 
116, 1889, 282; Trevisan, I generi e le 
specie delie Batteriacee, 1889, 13; Pas¬ 
teur ella mustelaecida DeToni and Trovi- 
san, in Saccardo, Sylloge Fungorum, S, 

1889, 996; Bacillus mustelae septicus 
Kruse, inFlflgge, Die Mikroorganismen, 
3 Aufl., 2, 1806, 405; Bacterium mustelae 
septicus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 138; Bacillus 
mustelae Migula, Syst. d. Bakt., 2, 1900, 
r and 756.) From a disease of ferrets. 

Bacterium anatis Migula. (Bact^ries 
du cholera des canards, Cornil and Tou- 
pet, Compt. rend. Acad. Sci. Paris, 106, 
1888, 1747; BaciUus cholerae anaium 
Kruse, in Fliigge, Die Mikroorganistnen, 
3 Aufl., 2, 1896,417; Migula, Syst. d. 
Bakt., 2, 1900, 364.) Regarded as the 
oause.of duek cboleia and very similar 


to, if not identical with, Pasleurella 
avicida. See Rettger and Scoville, Jour. 
Inf. Dis., 26, 1920, 220. From the blood 
and other organs of infected ducks. 

Bacterium cuniculi Migula. (Bacillus 
der Brustseuche des Kaninchens, Beck, 
Ztschr. f. Hyg., 15, 1893, 363; Bacillus 
cuniculi pneumonicus Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
418; Bacterium cuniculi pneumonicus 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 84; Migula, Syst. d. Bakt., 
2, 1900, 370; Bacterium beckii Chester, 
^n. Determ. Bact., 1901, 142.) Asso¬ 
ciated with a lung plague of rabbits. 

Bacterium haemorrhagicum (Kruse) 
Jjehmann and Neumann. (Kolb, Arb. 
kaiserl. Gesundheitsamte, 7, 1892, 60; 
Bacillus haemorrhagicus Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
424; Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 2, 1896, 194.) From the 
mucous membranes of fever patients. 

Bacterium palumbarium Migula. (La 
bact4rie de la nmladie des palombes, 
Leclainche, Ann. Inst. Past., 8, 1894, 
493; Bacillus cholerae columbarum Kruse, 
in Fliigge, Die Mikroorganismen, 3 .Aufl., 
2, 1896, 417; Bacterium cholerae colum¬ 
barum Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 84; Migula, Syst. 
d. Bakt., 2, 1900, 368; Bacterium colum¬ 
barum Chester, Man. Determ. Bact., 

1901, 141.) Associated with an epidemic 
in wild pigeons. 

Bacterium phasianicida Klein. 
(Klein, Cent. f. l^kt., I Abt., Orig., SI, 

1902, 76; Bacterium phasianidarum mo¬ 
bile Enders, Berl. tierarztl. Wchnschr., 
No. 23, 1902; abst. in Cent. f. Bakt., 1 
Abt., Ref., S4, 1904 , 384.) From an 
epidemic in pheasants (England). Had¬ 
ley, Elkins and Caldwell (Rhode Island 
Agr. Exp. Sta., Bull. 174,1918, 28) state 
that this species (which they call B. 
phasianicida) belongs in the group of 
paratyphoids (Salmonella). 

Bacterium purpurum Chester. (Ba¬ 
cillus of purpura-haemorrhagica, Babes, 
Septiche Pros. Kindesalters, Leipzig, 
18^; BaeiUui haemorrhagicue sepUeus 
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Kruse, in Flttgge, Die Mikroorganismen, 
3 Aufl., F, 1896, 424; Bacterium haemor-- 
rhagicua aepticua Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 85; 
Chester, Man. Detorm. Bact., 1901,143.) 
From a case of septioemia in man. 

Bacterium lizzonii Migula. (Bacillus 
der hacmorrhagischen Infektion, Tizzoni 
and Giovannini, in Zciglcr, Beitrage, 7, 
1889, 300; Bacillus haemorrhagicua vele- 
noaus Kruse, in Fltigge, Die Mikr<x)r- 
ganismen, 3 Aufl., 1896, 425; Bac¬ 
terium haemorrhagicua velenoaua Chester, 
Ann. Ilept. Del. Col. Agr. Exp. Sta., 
9, 1897 , 85; Migula, Syst. d. Bakt., 2, 
1900, 386; Bacterium velenoaum Chester, 
Man. Determ. Bact., 1901, 144.) From 
the blood of a child having a hemorrhagic 
infection. 

Bacterium vaasalei Migula. (Tizzoni 
and Giovannini, in Zeigler, Beitr&ge, 7, 
1889; Bacillus haemorrhagicua nephriiidis 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 424; Bacterium haemor¬ 
rhagicua nephritidia Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 85; 
Migula, Syst. d. Bakt., 2, 1900, 387; 
Bacterium nephritidia Chester, Man. 
Determ. I^ct., 1901, 145.) Isolated by 
Vassale from a case of hemorrhagic 
nephritis. 

Paateurella bouffardi Cbinines. 
(Commes, 1919; (|Uotcd from Xeveu- 
Ijcmaire, PrcScis ile Parasitol. Hum., 5tli 
cd., 1921, 21.) The cause of a human 
pasteurcllosis observed by IkmfTard at 
Bamako in 1909. 

Paateurella camseptica Haiiduroy etui. 
(Pasteurella du chicn, Lignicres, Rccueil 
de M4d. VcH., 77, PK)0, 469; Bacterium 
canicida I/chmann and Xcumann, Bakt. 
Diag., 4 Aufl., i?, 1907, 277; Hauduroy ct 
al., Dirt. d. Bact. Path, 1937, 312.) 
From dogs. 

Paateurella capriseptica (Lanfranchi 
and Pacchioni) Hauduroy ct al. {Bacillus 
pneumoniae caprae Xicollc and Refik- 
Bey, Ann. Inst, Past., 10, 1896, 321; 
Pasteurella du chevre, Lignieres, Recucil 
de M^d. V6tdr., 77, 1900, 536; BaciUus 
capriaeplicui Lanfranchi and Pacchioni 


1926; Bacillus bipolaria capriaepticua 
Cheflk Kolayi and Raif, 1935; Hauduroy 
et al.. Diet. d. Bact. Path., 1037, 313.) 
From hemorrhagic septicemia in goats. 

Paateurella caviae Hauduroy ct al. 
(Gat^and Bills, Compt. rend. Soc. Biol., 
Paris, 99, 1928, 814; Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 313.) From a 
guinea pig with a t ubcrculosis-likc 
disease. 

Paateurella caviaeptica (Schwer) Hau- 
duroy ct al. (Pasteurella du cobaye, 
Phisalix, Cbmpt. rend. Soc. Biol., Paris, 
1, 1898, 761; Bacterium cavisepticum 
Schwer, Cent. f. Bakt., I Abt., Orig., SS, 
1902, 47; Hauduroy ct al.. Diet. d. Bact. 
Path., 1937, 314.) From hemorrhagic 
septicemia in guinea pigs 

Paateurella deamodilli Pirie (Pub. So. 
African Inst. Med. Res., 4.1929,191 ) 

Pasteurella cquiseptica Kelser. (Ba> 
cille de la septicemic hemorragique du 
cheval, Ligni(Ves, Bull Soc. Centr. d. 
Mdd. Vet., 15, 1897, 437 and W, 1898, 849, 
La Pasteurella equine, Lignieres, Rccueil 
de M6d. V6t., 77, 1900, 524; Kelser, Man. 
Vet. Bact., 1st ed., 1927, 191; BaciUus 
equisepticua Kelser, ibid .; Bacillus pneu¬ 
moniae cqui Poels.) From horses. 

Pasteurella felia (Migula) Hauduroy 
ct al. {Bacillus salivarius aepticua Jelis 
Fiocca, Ann. d, Inst it. d^igiene d. Univ. 
di Roma, 2, 1892 and Cent, f Bakt., 11, 
1892, 400; Bacillus fehs scpucus Kruse, 
III Flugge, Die Mikroorganismen, 3 
Aufl., 2, 1896, 423; Bacterium fehs sepli- 
cus Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, SI; Pasteurella du 
cliat, Lignieres, Recueil de Mdd. Vet., 77, 
1900, 493; Bacterium felia Migula, Syst. 
d. Bakt., 2, 1900, 375; Hauduroy ct al.. 
Diet. d. Bact. Path., 1937, 316i) From 
the sputum of a cat. 

Pasteurella luastidia iMiossner and 
Schoop) Hauduroy et al. (Stabchenbak- 
terium, Dammann and Freese, Deut. 
tierarztl. Wchnschr., i5, 1907, 165; 

Bipolar oiganism of the Pasteurella 
group, Leyshon, Vet. Jour., 85, 1929, 
299; Bacterium mastilidis Micssner and 
Schoop, Deut. iier&rstl. Wchnschr., 
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1932, 69; Pbsteurella, Marsh, Jour. 
Amer. Vet. Med. Assoc., %t (N.S. 9J), 
1932, 376; Bacterium ovinum Haupt, 
Cent. f. Bakt., I Abt., Orig., 1932, 
365; Hauduroy et al,, Diet. d. Bact. 
Path., 1937, 316.) The cause of infec> 
tious mastitis of ewes. 

Paaieurella necropkora Hauduroy et al. 
(Bacille de la necrose infectieuse des 
Canaris, Cornell, The Vet. Hecord, 
1928,350; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 318.) From domestic 

canaries. 

PaeUurella ovieepiica Hauduroy et 
al (Galtier, Jour. d. m5d. v5t. et d. 
soot., 1889-1890,58, 113 and 481; La 
Pasteurella ovine, Lignidres, Recueil 
de M5d. V5t5r., 77, 1900, 529; Bacillwi 
hipolaru ovieeplicue Hutyra, in Kolle 
and Wassermann, Hand. d. path. Mikro- 


org., 2 Aufi., 5,1913,67; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 319.) From 
sheep. 

Pasteurella pericarditis Hauduroy et 
al. {Bacterium cavarum pericarditis 
Roth, Acta Pathol, et Microb. Scand., 
D, 1934, 335; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 319.) From guinea 
pigs. 

Pasteurelh strasburgensis Hauduroy 
et al. (C^ccobacille de Strasbourg, 
Debre, Compt. rend. Soc. Biol., Paris, 
88, 1919, 224; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 323.) From a case 
of purulent pleurisy. 

Pfeifferella analipestifer Hendrickson 
and Hilbert. (Hencb^ickson and Hilbert, 
The Cornell Veterinarian, ff, 1932, 239; 
Hemophilus anatipestifer Hauduroy et 
al.. Diet. d. Bact. Path., 1937, 247.) 
From a septicemic disease of ducks. 


Oenus II. Mclleomyces Pribram * 

(Cladascus Enderlein (in part), Sitzber. Gesell. Naturf. Freunde, Berlin, 1917,316; 
Pfeifferella Buchanan, Jour. Bact., 5, 1918, 54; Pribram, Klaasification der Schizo- 
myeeten, Leipzig, 1933,11 and 93; Loefflerella Cay et al., Agents of Disease and Host 
Resistance, Indianapolis, 1935,782.) From Latin malleus, glanders and myces, fungus. 

Because Pfeifferella was proposed inadvertently (Buchanan, Gen. Syst. Bact., 1925, 
420) and because of a general feeling that it is inappropriate, Malleomyces Pribram is 
used as the earliest suitable name for this genus. The indefinite description of an 
organism {Malleomyces equestris) by Hallier (Ztschr. f. Parasitenkunde, 1870, 119) 
as the cause of glanders has not previously caused confusion and need not do so in the 
future. 

Short rods, with rounded ends, sometimes forming threads and showing a tendency 
toward branching. Motile or non-motile. Gram-negative. Tendency to bipolar 
staining. Milk slowly coagulated. Gelatin may be liquefied. Specialized for para- 
siUc life. Grow well on blood serum and other body fluid media. 

The type species is Malleomyces mallei (Flflgge) Pribram. 

Key to the species of genus Malleomyces. 

I. Garbohydiates not fermented. Honey-like colonies on potato. Glycerol agar 
colonies slimy or tenacious, translucent. Non-motile. 

1. Malleomyces mallei, 

11. Carbohydrates fermented. Profuse, creamy growth on potato. Glycerol agar 
colonies iridescent, becoming corrugated. Motile. 

2. Malleomyces pseudomaUei. 


^ Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
Now York^ December, 1938; further revision, December, 1945. 
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1. Malleomyces mallei (Zopf) Pri¬ 
bram. (Rotzpilz, Ldffler and Schtitz, 
Deutsche med. Wchnschr., No. 62, 1882; 
Bacillus mallei Zopf, Die Spalipilze, 
3 Aufl., 1885, 89; llotzbacillus, Ldffler, 
Arb. kaiserl. Gesundheilsainte, /, 1886, 
222; Bacterium mallei Mi^ula, in Engler 
and Prantl, Die naturl. Pflanzonfam., 

1 f la, 1895, 21; Corynebacterium mallei 
Lehmann and Neumann, Bakt. Diag., 

2 Aufl., F, 18<)9, 366; Mycobacterium mal¬ 
lei Chester, Man. Determ. liact., 1901, 
353; Cladascus mallei Enderlein, Sitzber. 
Gesell. Naturf. Freunde Berlin, 1917, 
395; Pfeifferella inallei Buchanan, Jour. 
Bact., 3, 1918, 54; Sclerothrix mallet 
Vuillemin, Encyclopedic Mycolog., Paris, 
3, Champignons Parasites, 1931, 135; 
Brucella mallei Pacheco, He vista da 
Soeiedado paulista do Medicina vcteri- 
naria, 5, 1933, 1; Aclinobacillus mallei 
Thompson, Jour. Bact., ^6, 1933, 226; 
also Jour. Bact., 1933, 44; Pribram, 
Klassihcation der Schizomyceten. I^eip- 
zig and Vienna, 1933, 93; Loefflerellu 
mallei Gay et al., .Agents of Disease and 
Host Resistance, Indianapolis, 1935, 
782.) From Latin malleus, glanders, a 
disease of horses. 

Bacillus ozenae Trevisan (Q)rr! Ser., 
1884, n. 222) is identical with this species 
according to Trevisan (I generi e le specie 
dclle Batteriacee, 1889, 13). 

Description largely from Kelser, Man. 
Vet. Bact., 2nd ed., 1933, 325. 

Slender rods: 0.5 to 1.0 by 2.0 to 5.0 
microns, with rounded ends, usually 
occurring singly, in pairs and in groups, 
but may grow into filaments. Branch¬ 
ing involution forms on glycerol agar. 
Show irregular staining. Bipolar stain¬ 
ing common. Non-mot ile. Gram^ega- 
tive. 

Gelatin: Poor growth. Usually no 
liquefaction. May be slowly liquefied 
(Jordan, General Bact., 11th ed., 1935, 
491). 

Agar colonies: Moist, grayish-white 
layer, translucent, ropy, with regular 
borders. Later become yellowish or 
yellowish-brown. 


Agar slants: Glistening, moist, ropy, 
grayish-w’hite grow’th. 

Loffler's serum: Good growth. Moist, 
viscid, yellowish colonies develop after 
36 to 48 hours. 

Broth: Turbid, sometimes with thin 
ixjllicle. Slimy or ropy sediment. 

Litmus milk: (.'oagulation usually 
occurs after a week with s^'me acid pro¬ 
duction. Litnms may or may not be 
reduced. 

Potato: After 36 to 48 hours, pale 
yellow, honey-drop-like colonies. Later 
becoming darker, reddish-yellow or choc¬ 
olate color. The medium sometimes has 
a faint greenish tinge around the growrth. 

Indole not formed. 

Nitrites not produced from nitrates. 

CarlKjhydrates usually not fermented. 
S<ime strains produce small amounts of 
acid from glucose. 

Optimum temperature 37®C. No 
growth below 20°C or above 44®C. 

Aerobic, facultative anaerobic. 

Cbmmon name: Glanders bacillus. 

Distinctive characters: Culture media 
of slightly acid reaction best suited for 
grow’th; addition of glycerol favors 
growth; honey-like growth on potato. 

Source • Isolated by Loffler and SchRtz 
from the liver and spleen of a horse, 
lesions in animals and man. 

Habitat: The cause of glanders, affect¬ 
ing horses, man. sheep and goats. Trans¬ 
missible to dogs, cats, rabbits and guinea 
pigs. 

2. Malleomyces pseudomallei (Whit¬ 
more) Breed. (Bacillus pscudomalUi 
Whitmore, Jour. Ilyg., IS, 1913,1; Bacil¬ 
lus whitmori Stanton and Fletcher, 
Tmns. 4th Cong. Far East Assn. Trop. 
Med., 3, 1921, 196; also Jour. Hyg., 55, 
1925, 347; Pfeifferella pseudomallei Ford, 
Textb. of Bact., 1927,294; Flavobacterium 
pseudomallei Bergey et al.. Manual, 3rd 
ed., 1930, 146; Sclerothrix whitmori 
Vuillemin, Encyclop^die Mycolog., 5, 
Champignons Parasites, 1931, 136; Ac- 
tinobacillus pseudomdllei Thompson, 
Jour. Bact., 56,1933,226; also Jour. Bact., 




656 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


SS, 1933| 44; LoefflereUa whitmori Gay 
et al., Agents of Disease and Host Re¬ 
sistance, Indianapolis, 1935, 791; Breed, 
in Manual, 5th cd., 1939, 300.) Latin¬ 
ized, false glanders. 

Short rods: With rounded ends, occur¬ 
ring singly and in short chains, shoeing 
bipolar staining. Motile. Gram-nega¬ 
tive. 

Gelatin stab; Moderate, crateriform 
liquefaction. 

Agar colonics: Circular, slightly raised, 
thick, opaque, cream-colored with ir¬ 
regular margin. 

Glycerol agar slant: Wrinkled, thick, 
rugose, cream-colored growth. 

Broth: Turbid with pellicle. 

Litmus milk: Curdling with slowly 
developed acidity, pink sediment; may 
be digested. 

Potato: Vigorous, cream-colored 

grow^th. 

Indole not formed. 

Acid from glucose, maltose, lactose, 
sucrose and mannitol. 

Blood serum slowly liquefied. 

Aerobic, facultative. 

Optimum temperature 37°C. 

Source: Lesions and blood in rats, 
guinea pigs, rabbits and man. Once 


from a transient nasal discliarge in a 
horse (Stanton, Fletcher and Symonds) 
and once from a splenic abscess in a cow 
(Nicholls). 

Habitat: Glanders-like infection (meli¬ 
oidosis) in rats, guinea pigs, rabbits and 
in man in India, Federated Malay States 
and Indo-China. 

Appendix: The following may belong 
in this genus: 

Flavobacterium orchitidia Sherwood, 
Irvnn and Marts. (Sherwood, Irwin 
(not Edwin) and Marts, Amer. Jour. 
Diseases of Children, 4^, 1933, 446; 
Sherwood, Jour, l^nsas Med. Soc., S4, 
1033, 220 ) From a case of meningitis. 
Sherwood (personal communication, 
1045) now considers this organism iden¬ 
tical with Bacillus whitmori (Malleo- 
myces pseuilomnllei) See Manual, 5th 
od , 1931), 538 for a description of this 
species. 

Malleomyces agliaceus Pribram. 
(Bacillo opalc agliaceo, Vincenzi, Giorn. 
d. II. Arcad. d. Med. Torino, 1890, No. 
6; Pribram, Klassification der Schizomy- 
ccten, I.(Cipzig, 1033, 03.) Cause of 
pscudotul)crcuIosis in frogs. 


Genus III. Actinobacillus Brumpt.* 

(Prdcis de Parasitologic, Paris, 1st ed., 1910, 849.) 

Medium-sized, aerobic, Gram-negative rods w^hich frequently show much pleomor- 
phism. Coccus-likc forms frequent. Tendency to bipolar staining. Acid but no gas 
produced from carbohydrates. Grow best, especially when freshly isolated, under 
increased CO» tension. Pathogenic for animals; some species attack man. The out¬ 
standing characteristic of the group is the tendency to form aggregates in tissues or 
culture w*hich resemble the so-called sulfur granules of actinomycosis. 

The type species is Actinobacillus lignieresi Brumpt. 


1. Actinobacillus lignieresi Brumpt. 
(Actinobacilo, Lignieres and Spitz, Bole- 
tin d. Agri. y Ganaderia, Buenos Aires, 
11, 1902, 169; Actinobacillus, Lignieres 


and Spitz, Cent. f. Bakt., I Abt., Grig., 
55, 1903, 204; Brumpt, Precis do Para- 
sitol., Paris, 1st cd., 1010, 849; Bacillus 
lignieri (sic) Macd, Traitd de Bact4riolo- 


^ Revised by Prof. W. A. Hagan, New York State Veterinary College, Ithaca, New 
York, December, 1938; further revision, December, 1946. 
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gie, 0th ed., F, 1913, 743; Nocardia lig- 
nieresi Clialmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
242; Discomycea ligniereai Brumpt, Pre¬ 
cis de Parasitol., Paris, 3rd ed., 1922, 
993; Paateurella ligniereai Vuillemin, 
Encyclopedic Mycologiquc, Paris, 2, 
Champignons Parasites, 1931, 136.) 

Named for Lignieres, who first worked 
with this organism. 

Bacterium purifaciena Christiansen 
(Maanedsskr. f. Drylaeger, 29, 1917, 
449; Paateurella purifaciena Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 322) is 
regarded as identical with this organism 
by Tunnicliff (Jour. Inf. Dis., 69, 1941, 
52). 

Rods: 0.4 by 1.0 to 15.0 microns. 
Cocco-bacillary forms frequent. Non- 
mot ilc. Gram-negative. 

Gelatin: Growth sparse or fails. No 
liquefaction. 

Agar: Primary cultuic.s usually suc¬ 
ceed best when the inoculum is intro¬ 
duced by stab. Serum agar is more 
favorable than plain. Surface colonies 
are snuUl, bluish, translucent at first, 
later iKicoming 0{)aque. 

Broth: Serum favors growth. Freshly 
isolated strains usually grow in form of 
small granules which adhere to sides of 
tube, leaving broth fairly clear. lAter 
most strains grow diffusely, often form¬ 
ing a fragile i>cliicle. 

Litmus milk; Most strains cause no 
change. Sometimes slight acid. No co¬ 
agulation. 

Potato: Little or no growth. 

Acid but no gas \\ithin 48 hours from 
glucose, fructose, galactose, maltose, 
sncTom and mannitol. Acid after longer 
incubation from lactose, raflinose and 
glycerol. 

Indole is formed in small amounts. 

Nitrites not produced from nitrates. 

Aerobic. Is favored by increased 
GOi tension. Will n^t grow anaerobi¬ 
cally. 

Optimum temperature 37 ®C. 

Pathogenic for c.attlc and swine. A 


few cases reported in man. Rabbits and 
guinea pigs slightly susceptible to inocu¬ 
lation. 

Source and habitat: Usually isolated 
from the lesions of actinobacillosis of 
cattle. This condition is often clinically 
diagnosed as actinomycosis. Lesions 
found in soft tissues, usually lymph 
nodes, where granulomatous tumors are 
formed. Eventually those break down 
to form abscesses. 

2. Actinobacillus actinomycetemcomi- 
tans Toplcy and Wilson. {Bacterium 
actinomycetem comitana Klinger, Cent, 
f. Bakt., I Abt., Grig., 1912, 198; Actino- 
hacillua actinomycetem comitana Topley 
and Wilson, Princip. of Bact. and 
Immun., f, 1931,256; Topley and Wilson, 
ibid., 2nd ed., 1936, 279.) From 

actinomycete, and Latin comitana, ac¬ 
companying. 

Description taken from Topley and 
Wilson (loc. cit.), Colebrook (Brit. 
Jour. Exp. Path., 1, 1920, 197), and 
Bayiie-Jone.s (Jour. Bact., 10, 1925, 
572). 

Cocco-bacilli: Rods 1.0 to 1.5 microns 
long, cocci 0 6 to 0.8 micron in diameter. 
Occurring in densely-packed masses. 
Non-motile. Gram-negative. 

Gelatin: No liquefaction. 

Agar colonics: Small, tough, adherent. 

Glucose agar: Growth thin, dry, gran¬ 
ular, hard, slightly yellowy adherent. 

Liquid gelatin or broth: At 37®C, nu¬ 
merous isolated, translucent granules, 0.5 
to 1.0 mm in diameter, form along sides 
of tube. In a few days they fuse into a 
grayish-white mass, forming ring around 
tul>e and pellicle over surface. Later 
granules become opaque, grayish-white. 

Glucose broth: Turbid. Yellowish 
flakes. 

Milk: No growth. 

Potato: No growth. 

Acid but no gas from glucose and lac¬ 
tose. 

Not pathogenic for laboratory animals. 

No growth at 20®C. 
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Aerobic, facultative. 

Distinctive character: Manner of 
growth in liquid gelatin. 

Source: Found in lesions of actinomy* 
ooais. 

Habitat: Presumably in actinomycotic 
lesions. 

3. Actinobacillus actinoides (Smith) 
Topley and Wilson. (Bacillus actinoides 
Th. Smith, Jour. Exp. Med., 1918, 
333; Actinomyces actinoides Bergey et al.. 
Manual, 1st ed., 1923, 346; Topley and 
Wilson, Princip. of Bact. and Immun., 
Ist ed., i, 1931, 256.) From Greek, ray¬ 
like. 

Slender rods in tissues. In cultures 
may be bacillary or coccoid in form. 
Grows only under increased COt tension 
(so-called microaerophilic). Does not 
grow on ordinary agar or broth, except 
occasionally when transferred from more 
favorable media. Most characteristic 
growth on coagulated blood serum. 

Gelatin: No growth. 

Agar colonies: Very minute, pale, straw 
color. 


Agar slant: Best growth seen in water 
of condensation. Serial transfers on 
this medium generally fail. 

Broth: No growth. 

Litmus milk: No growth. 

Potato: No growth. 

Coagulated blood serum (cow); Growth 
appears first in the condensation water. 
Appear as granules, consisting of cap¬ 
sular material in which bacillary forms 
are embedded. Surface mulberry dike 
because of club-like extensions of capsu¬ 
lar material. In stained preparations, 
the capsular material appears amorphous. 

Optimum temperature 37°C. 

Microaerophilic. 

Not pathogenic for laboratory animals, 
except possibly the white rat in which a 
spontaneous chronic pneumonia occurs 
caused by an organism indistinguishable 
from this one. Experiments with rats 
by artificial inoculation have net been 
jreported. 

Source: From lungs of calves suffering 
from chronic pneumonia. 

Habitat: Has not been recognized in 
nature except in pathological processes. 
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♦APPENDIX TO TRIBE PASTEURELLEAE. 

While the authors who describe the following new genus with its single species do 
not indicate its general relationships, it would appear to be as closely related to the 
species placed in Parvobacteriaceae as to those in any other family. It is therefore 
placed in this appendix pending a clarification of the situation. • 


Genua A, DonovsnU Anderson, De Monbreun and Goodpasture- 

(Jour. 'Exp. Med., 5/, 1946, 25.)' Named for C. Donovan who first described the 
type species. 

Pleomorphic non-motile rods, exhibiting single or bipolar condensations of 
chromatin. Occur singly and in clusters. May be capsulated or non>cap8u]ated. 
Gram-negative. Growth outside human body occurs only in the yolk, yolk sac or 
amniotic fluid of developing chick embryo or in a medium containing embryonic yolk. 
Pathogenic for man causing granulomatous lesions, particularly in the inguinal region. 

The type species is Donovania granulomaiis Anderson, De Monbreun and Good- 
pasture. 


1. Donovania granulomatis Anderson 
et al. (Epithelial cell parasites, Dono¬ 
van, Indian Med. Gaz., 4^, 1905, 414; 
Donovan bodies, Dienst, Greenblatt and 
Sanderson, Jour. Inf. Dis,, 1938,112; 
Donovan organism, Anderson, Science, 
97, 1943, 500; Anderson, De Monbreun 
and Goodpasture, Jour. Exp. Med., Si, 
1946, 25.) From M. L. granuloma, of 
granuloma. 

Pleomorphic rods 1 to 2 microns in 
length, with rounded ends, occurring 
singly and in clusters. Intracellular 
forms usually capsulated. Non-motile. 
Gram-negative. 

No growth on ordinary culture media. 

Chick embryo: Grows readily in yolk, 


yolk sac and feebly in amniotic fluid of 
developing chick embryo. 

Embryonic yolk medium: Growth 
oc'iurs. 

Distinctive characters: Capsulated 
forms readily demonstrated by means of 
Wright’s stain as blue bacillary bodies 
surrounded by well-defined dense pink¬ 
ish capsules. Non-capsulated forms 
variable in morphology. Characteristic 
safety-pin forms may be demonstrated. 

Not pathogenic for the common experi¬ 
mental animals. 

Source: Granulomatous lesions of man. 

Habitat: Human lesions. The cause 
of granuloma inguinale. 


♦ Prepared by Dr. Orren D. Chapman, Syracuse Medical College, Syracuse, New 
York, March, 1946. 
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TRIBE 11. BRUCBLLEAB BBRQEY, BREED AND MURRAY. 

(Preprint, Manual, 5th ed., October, 1938, vi.) 

Small, motile or non-motile rods or coccoids which grow on special media. Thi*r#* 
is a single genus Brucella, 

Genua /. Brucella Meyer and Skaw,* 

(Jour. Inf. Dis., F7, 1920, 173.) Named for Sir David Bruce, who first recognized 
the organism causing undulant fever. 

Short rods with many coccoid cells, 0.5 by 0.5 to 2.0 microns; non-moiile; capsulated; 
Gram-negative; gelatin not lique^ed; neither acid nor gas from carbohydrates; urea 
utilized; parasitic, invading all animal tissues, producing infection of the genital 
organs, the mammary gland, the respiratory and intestinal tracts; pathogenic for 
various species of domestic animals and man. 

The type species is Brucella melitenaia (Hughes) Meyer and Shaw. 

Key to the species of genus Brucella. 

I. Non-motile. 

A. Grow in special media containing basic fuchsin. 

1. Grows in media containing thionin. 

1. Brucella meliiensis. 

2. Does not grow in media containing thionin. 

2. Brucella abortus. 

B. Does not grow in media containing basic fuchsin. 

1. Grows in media containing thionin. 

3. Brucella suis. 

II. Motile. 

4. Brucella hronchiseptica. 


Differential characters of the three closely related species of genus Brucella, 

Infec- Re- Growth in the 

tivity quires HiS _ presence of 


Species 

Infec- 

tivity 

for 

guinea 

pigs 

Re¬ 
quires 
CO» 
for iso* 
Ution 

HaS 

forina> 

tion 

*Glucose 

utilized 



10 ptr 
cent 

days 


BruceUa melitenaia . 

++ 

0 

dbl 

+++ 

Brucella abortus . 

++ 

++ 

2 

+ 

Brucella auia . 

++ 

0 

4 

+++ 



* All utilize glucose in shake cultures. 


1. Brucella melitensis (Hughes) Append. No. 4, 465; atreptocoecus Mile- 
Meyer and Shaw. (Bruce, Practitioner, tenaia (sic) Hughes, The Mediterranean 
5P, 1887, 161; thtd., 18^, 241; Kept. Naturalist, F, February 1, 1892, 325; 
Army Med. Dept., London, 5F, 1^, Micrococcus melitenaia Bruce, Ann. Inst. 


* Revised by Prof. I. F. Huddleson, Michigan State College, East Lansing, Michigan, 
December, 1942. 
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Pa8t., 7, April, 1893, 289; Hughes, La 
Riforma Med.. S, Aug. or Sept., 1893, 
789 and Ann. Inst. Past., 7, Aug., 1893, 
630; Bacterium melilense Saisawa, Ztschr. 
f. Ilyg., 70, 1912, 181; Meyer and Shaw, 
Jour. Inf. Dis., ^7, 1920, 173; Bacillus 
mclilensis Holland, Jour. Hact., 1920, 
219; Alcaligenea melitcnsis Bergey et al., 
Manual, Ist. ed., 1923, 235; Brucella mdu 
tensia var. melittmin Dvans, U. S. Public 
Health Reports, .18, 1923, 1947.) From 
I^tiii, of Malta 

Short ellipsoidal rods. 0.3 to 0.4 micron 
in length, oci-urring singly and in p.'iirs, 
rarely in short chains. Non-motile. 
Non<a(dd-fa8t. Gram-negative. 

Gelatin colonies: Simdl, clear, entire. 

Gelatin stab: Slow growth. Xo lique¬ 
faction. 

Agar colonies: Small, circular, convex, 
amorphous, smooth, glistening, entire, 
bluish-green, grayish if R type 

.Vgar slant : Growth slow, moist, honey 
like, entire. After a week, the agar i.^ 
turned brownish and crystals may ap 
pear. 

Rroth : .\fter 10 days, nuKleratc turbid¬ 
ity and gniyish sediment. Reaction al¬ 
kaline, pH 8.0 or higher. 

Litmus milk: Uncliunged at 24 hours 
Later becomes alkaline. 

Potato: Scant gi-owth, grayish Ikjcoiu- 
ing bniwnish. 

Indole not formed. 

Nitrates reduced, often with complete 
disapp(»aranee of nitrite (Zobell and 
Meyer, Jtuir. Inf. His., 1932, 99). 
IVeause of the latter fact, re|x)rt.s in the 
literature are apparently contradictory. 

Ammonia produced from urea 

Growth enhanced on beef liver or 
tryptose agar of pH 6.8. 

Neither in-id nor gas from carlxihydrate 
media. 

Optimum reaction pH 7.4. 

Optimum temfierature 37"(\ No 
growth at 6® or at 45®(\ Killed at 59®(\ 

Aerobic. 

Distinctive clmraeters: Requires no 
increased COt tension. 


Source: Isolated by Bruce (1887, loc» 
cit.) from the spleen in fatal cases of 
Malta fever. 

Habitat: C'hief host the milch goat. 
The cause of undulant fever (brucellosis) 
in man and aixirtion in goats. May in¬ 
fect cows and hogs and be e.xcreted in 
their milk Infectious for all domestic 
animals. 

2. Brucella abortus (Schmidt and 
Weis) Meyer and Shaw. (Bacillus of 
alH>rtion, Bang, Ztschr. f. Thiermed., I, 
1897, 241; Bacterium abortus Schmidt 
and Weis, Baktcrierne, 1901, 266; Bex- 
terium ahortivum Chester, Man. Determ. 
Bact., 1901, 121; Corynehaclct ium abortus 
endcmict Preis/, (Vnt. f. Bakt., I Abt., 
Orig., SSy P.K)2. 194; Bacillus abortus 
Evans, Jour. Wash. .Vead. Sci., 5, 1915, 
122; Meyer ami Shaw, .Jour. Inf. Dis., 
27, 1929, 173; Alcaligcnes abortus Bergey 
et al , .Manual, 1st ed., l!)23,234; Brucella 
melUensis var. abortus Evans, Public 
Health Re|xjrls, SS, 1923, 1947.) PVom 
I.atin obitrlus, an untimely birth. 

The morphological and cultural charac¬ 
ters are similar to those of Brucella 
ynclilcnsis with the following exceptions: 
Reiiuircs 10 per cent CO 2 for isolation, 
l)ecome.s aerobic after several transfers; 
the brow ning of the medium in agar slant 
culture is less marked; S cultures can In' 
ditTerentiated from Biucilla ruclitcusis, 
but not from Brucclln suiSy by the ag¬ 
glutinin ab.sorption test. 

J^mree: From the genital organs and 
milk 4'f infcct(‘d cattle and from blood in 
human cases of undulant fever. 

Habitat: C'hief host the milch cow. 
The cause of infectious abortion in cattle. 
The same cITects are produced in marcs, 
.sheep, rabbits and guinea pigs, and all 
domes! ie animals except hogs, ('"auses 
undulant fever (brucellosis) in man. 

3. Brucella suis Huddlcson. (Organ¬ 
ism resembling Bacillus abortusy Anony¬ 
mous, U. S. D. A. Ann. Rept, Secy. 
Dept., Rept. of Chief Bur. Animal Ind., 
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1914, 86 (30); authorship established by 
Traum in North Amer. Vet., i, No. 2, 
1920; described as Bacillus abortus by 
Good and Smith, Jour. Bact., I, 1916, 
416; Huddleson, Undulant Fever Sym¬ 
posium, Amer. Pub. Health Assoc., 
(Oct., 1928) 1929, 24; also Mich. Agr. 
Exp, Sta. Tech. Bull. 100, 1929, 12; 
Brucella melitensis var. suis Hardy, 
Jordan, Borts and Hardy, Public Health 
Reports, JJ, 1930, 2433; Bacillus abortus 
suis Meyer, Amer. Jour. Pub. Health, 
tl, 1931, 503.) From Latin, of swine. 

The morphological and cultural charac¬ 
ters are similar to those of Brucella 
melitensis. 

S cultures of Brucella suis can be dif¬ 
ferentiated from S cultures of Brucella 
melitensis, but not from S cultures of 
Brucella abortus, by the agglutinin 
absorption test. 

Source: From urinogenital and many 
other organs of swine. 

Habitat: Chief host the hog. Causes 
abortion in swine and undulant fever 
(brucellosis) in man. Also infectious 
for horses, dogs, cows, monkeys and 
laboratory animals. 

The differentiation of the above species 
of Brucella by the bacteriostatic action 
of dyes depends upon the medium used. 
When tr 3 rpt 08 e agar (Difeo) is used, 
basic fuc^in and thionin should be used 
in a final dilution of 1:100,000. 

There are several forms of the R and 
mucoid phases of Brucella spp, (Huddle- 
son, Amer. Jour. Vet. Res., 7, 1946, 5). 
The true R type differs from the S type 
in its lack of pathogenicity, its antigenic 
properties, its susceptibility to aggluti¬ 
nation by exposure of suspensions to 
heat and to basic dyes in concentration 
of 1:2000, and colonial appearance. The 
mucoid phases differ antigenically, mor¬ 
phologically and culturally. (Colonies 
on agar are spherical or flat, regular in 
contour, grayish to mucoid in appear¬ 
ance. Suspensions are not agglutinated 
by heat or dyes, or always by special 


agglutinating serums. There is no 
change in their growth characteristics 
on media containing either basic fuchsin 
or thionin. 

4. Brucella bronchlseptica (Ferry) 
Topley and Wilson. (Ferry, Amer. Vet. 
Rev., 57, 1910, 499; also see McGowan, 
Jour. Path., 16, 1911. 372; Bacillus bron- 
chicanis Ferry, Jour. Inf. Dis., 8, 1911, 
402; Bacillus bronchisepticus Ferry, 
Amer. Vet. Rev., 41 , 1912, 79; Bacterium 
bronchisepticus Evans, Jour. Inf. Dis., 
18, 1916, 578; Bacterium bronchicanis 
Holland, Jour. Bact., 6, 1920, 221; Alcalu 
genes bronchisepticus Bergey et al.. 
Manual, 1st ed., 1923, 234; Topley and 
Wilson, Princip. Bact. and Immun., 
1st ed., 1, 1931, 508.) Latinized, disease 
of the bronchial tubes. 

Evans {loc. cit,, 593) regards Bacterium 
bronchisepticus as related to Bacterium 
abortus morphologically, culturally, bio¬ 
chemically and serologically. 

Short slender rods: 0.4 to 0.5 by 2.0 
microns, usually occurring singly, some¬ 
times in pairs and chains. Motile with 
4 to 6 pcritrichous flagella (Topley and 
Wilson). Gram-negative. 

Gelatin colonies: Similar to those on 
agar. 

Gelatin stab: Slow filiform growth. 
No liquefaction. 

Agar colonies: Small, opaque, white, 
slightly raised, porcellaneous, entire. 

Agar slant: Growth moderate but more 
luxuriant than in Brucella melitensis^ 
filiform, slightly raised, smooth, opales¬ 
cent, lustrous, moist, entire. 

Broth: Turbid, with thin, gray pellicle 
and ropy sediment. Musty odor de¬ 
velops. 

Litmus milk: Alkaline. No coagula¬ 
tion. 

Potato: Growth fairly abundant, 
brownish, glistening, moist, sticky. Me¬ 
dium is darkened. 

Indole not formed. 

Nitrites often produced from nitrates 
(Topley and WitoD). 
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No acid or gas from glucose, sucrose, 
lactose, maltose or mannitol. 

No H*S produced (Topley and Wilson). 

Catalase positive (Topley and Wilson). 

Ammonia formed from urea and as¬ 
paragine. 

Optimum temperature 37®C. Killed 
in twenty minutes at 55®C. 

Aerobic, facultative. 

Source: From dogs affected with dis¬ 
temper. 

Habitat: Causes acute, often fatal, 
pneumonia in dogs generally as a second¬ 
ary invader in distemper. Also patho¬ 
genic for eats, rabbits, guinea pigs, fer¬ 
rets. white rats and monkeys. Some¬ 
times occurs in man. 

Appendix: The following arc recorded 
in the literature discussing this genus: 

Brucella evansi Pacheco (Revista da 
Sociedade Paulista de Med. Vet., S, 


1933, 9) is a name applied to a group of 
thirteen cultures referred to by Evans 
(Jour. Inf. Dis., 25, 1918,354) as abortus¬ 
like bacteria although she definitely in¬ 
dicates tliat these*cultures do not agree 
with each other in their biochemical 
characteristics {loc. cit., Table 4, p.361). 

The binomials Brucella paramelitensU, 
Brucella paraabortue and Brucella para- 
8 U 18 have been used for inagglutinable 
strains of these three species which are, 
according to Topley and Wilson (Princip. 
Bact. and Immun., 2nd ed., 1936, 632), 
now known to be merely rough variants, 
not deserving to be so named. 

Micrococcus paramelitensu Negr4 and 
Raymond. (Compt. rend. Scjc. Biol., 
Paris, 72, 1912, 791 and 1052.) 

Miciococcus pseudomelitensis Sergent 
and Zammitt, 1908. Exact reference not 
known 
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TRIBE 111. BAGTEROIDBAB TRIB. NOV. 

Motile or non-motile rods without endospores. May or may not require enriched 
culture media. Obligate anaerobes. Gram-negative. 

Key to the genera of tribe Bacteroldeae. 


I. Cells with rounded ends. 
II. Cells with pointed ends. 


Genus I. I^ccteroides, p. 564. 
Genus II. Fxieohacierium, p. 581. 


Genus I. Bacteroldes Castellani and Chalmers.* 

(Man. Trop. Med., 3rd ed., 1919, 959.) 

Characters as for the tribe. From Greek, like a rod. 

The type species is Bacteroides fragilis (Veillon and Zuber) Castellani and Chalmers. 

Note : The descriptions have been taken largely from Weinbc^rg at al. (Les Microbes 
Anadrobies, Paris, 1937, 658); Prdvot (Ann. Inst. Past., 6‘0, 1938 , 285); Hauduroy, 
Ehringer, Urbain, Guillot and Magrou (Diet. Bact. Path., Paris, 1937 , 51); and Eg- 
gerth and Gagnon (Jour. Bact., £5, 1933, 389). Because cultures of many of these 
organisms have not been subjected to critical study with identical tests and media, 
it is difficult to know how many should be considered as distinct s{)ecie8, and the 
present arrangement must be considered as tentative. The key, of necessity, has 
been drawn up from recorded cliaracters which appeared useful for the purpose and 
these on further study may prove to be ina<icquate. 

Key to the species of genus Bacteroides. 

I. Not requiring enriched media. 

A. Gas formed from proteins. 

1. Hydrogen sulfide not produced. 

a. Non-motile. 

1. Bacteroides fragilis. 

aa. Motile. 

2. Bacteroides serpens. 

2. Hydrogen sulhde produced. 

a. Indole not formed. 

b. Very pleomorphic. 

3. Bacteroides funduliformis. 
bb. Not markedly pleomorphic. 

4. Bacteroides siccus. 

aa. Indole formed. 

b. Gelatin liquehed. 

5. Bacteroides coagulans. 


* Completely revised by Dr.T. E.Roy, Bacteriologist to the Hospital for Sick Chil¬ 
dren, Toronto, Ontario, Canada and Dr. C. D. Kelly, Assistant Professor of Bacteriol¬ 
ogy, McGill University,Montreal, P. Q., Canada, December, 1938; rearranged, Decem¬ 
ber, 1945. 
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bb. Gelatin not liquefied. 

c. No acid from lactose and maltose. 

6. Bacteroides variuB, 
cc. Acid from lactose and maltose. 

d. Acid from sucrose. No acid from glycerol. 

7. Bacteroides inaequalis. 
dd. No acid from sucrose. Acid from glycerol. 

8. Bacteroides insolitus. 

B. No gas formed from proteins. 

1. Indole not formed. 

a. Hydrogen sulfide not formed, 

b. No acid from lactose. 

9. Bacteroides vescus. 

bb. Acid from lactose. 

c. No acid from salicin. 

10. Bacteroides exiguus, 

cc. Acid from salicin. 

11. Bacteroides uncatus. 

aa. Hydrogen sulfide formed. 

b. No acid from salicin. Acid from arubinose. 
c. Gelatin liquefied. 

12 Bacteroides vulgatus. 

cc. Gelatin not liquefieil. 

13 Bactevoides incommunis, 
bb. Acid from salicin. No acid from arabinosc. 

14. Bacteroides distasonis, 

bbb. No acid from salicin or arabinosc. 
e, .\cid from sorbitol. 

15. Bacteroides tumidus, 

cc. No acid from sorbitol. 

16. Bacteroides convex us. 

2. Indole formetl. 

a. No acid from salicin or arabinosc. 

17. Bacteroides ovatus. 

aa. Acid from salicin and arabinosc. 

b. No acid from mannitol, 

c. No acid from rhamnose. 

18. Bacteroides uniformis. 

19. Bacteroides thetaiotaomicron. 

20. Bacteroides variahilis. 

21. Bacteroides gulosus. 

22. Bacteroides melaninogenicus 

23. Bacteroides caviae. 


cc. Acid from rliamnose. 
d. Not capsulated. 

dd. Capsulated. 

bb. Acid from mannitol. 

II. Requiring an enriched medium. 

A. Producing a black pigment. 

f 

B. Not producing pigment. 
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1. Bacteroides fragUls (Veillon and 
Zuber) Gastellani and Chalmers. 
{BadUui fragilU Veillon and Zuber, 
Arch. M4d. Exp. et Anat. Path., 10 , 
IS&S, 870; Gastellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 959; 
Fusiformis fragilis Topley and Wilson, 
Princip. Bact. and Immun., Ist ed., 1 , 
1931, 302; Risiella fragilis Pr^vot, Ann. 
Inst. Past., 60, 1938, 290.) From Latin 
fragilis, fragile. 

Rods with rounded ends, staining more 
deeply at the poles, occurring singly 
and in pairs. Non-motile; Gram¬ 
negative. 

Gelatin: No liquefaction; small amount 
of gas. 

Agar colonies: Small, gray, irregular. 
Broth: Turbid. 

Indole not formed. 

Hydrogen sulfide not formed. 

Litmus milk: No coagulation. Slight 
amount of gas. 

Nitrites not produced from nitrates. 
Acid from fructose, maltose, sucrose, 
galactose, glucose and arabinose. Some 
strains produce acid from lactose (Wein¬ 
berg et al., Les Microbes Ana6robies, 
1937, 720), 

Anaerobic. 

Optimum temperature 37X. 
Pathogenicity: Some strains produce 
subcutaneous abscesses in rabbits, guinea 
pigs or mice. 

Source and habitat: From acute appen¬ 
dicitis, pulmonary gangrene, abscesses 
of the urinary tract, and septicaemias in 
man. 

2. Bacteroides serpens (Veillon and 
Zuber) Hauduroy et al. {Bacillus serpens 
Veillon and Zube^, Arch. M^d. Exp. et 
Anat. Path., 10 , 1898, 870; Bacillus 
radiifarmU Rist and Guillemot, Arch. 
Mdd. Exp. et Anat. Path., 1904; Haudu- 
foy et al., Diet. d. Bact. Path., 1937, 74; 
ZubereUa serpene Prdvot, Aim. Inst. 
Fast., 60, 192B, 203.) From Latin ser¬ 
pens, creeping. 

Rods: Thick, with rounded ends, oc 


curring singly, in pairs, or in short chains. 
Motile. Gram-negative. 

Gelatin: Slow liquefaction, with gas. 

Agar colonies: Punctiform. 

Deep agar colonics: Small colonies in 
48 hours, ray-like growth later. Gas 
produced. 

Broth: Turbid, then flocculent growth; 
some gas with foul odor. 

Hydrogen sulfide not formed. 

Litmus milk: Acidified and coagulated 
in six days, with no digestion. 

Acid from fructose, galactose, maltose 
and lactose. 

Coagulated egg white and serum not 
liquefied. 

Anaerobic. 

Optimum temperature 37®C. 

Experimental pathogenicity: Some 
strains produce abscesses in rabbits, 
guinea pigs and mice. 

Source and habitat: Acute appendi¬ 
citis, mastoiditis, pulmonary gangrene, 
bile tract of dog, and sea water. 

3. Bacteroides funduliformis (Hall4) 
Bergey et al. {Bacillus funduliformis 
Hall4, Inaug. Dies., Paris, 1898; Bacillus 
thetoides Rist, Thdse de Paris, 1898; 
Bergey et al., ilanual, 3rd ed., 1930, 373; 
Spherophorus funduliformis Pr^vot, Ann. 
Inst. Past., 60, 1938, 298.) From I-atin 
funduliformis, sausage-shaped. 

Rods; 1.5 to 3.0 microns long in pus, 
often spindle-shaped. Extremely pleo¬ 
morphic in culture media, showing irreg¬ 
ular filamentous and branching forms. 
Non-motile. Gram-negative. 

Gelatin: Not liquefied. 

Deep agar colonies: Lenticular, with 
some gas and foul odor. 

Broth: Flocculent growth. 

Glucose broth: Rapid growth with gas 
and foul odor. 

Indole not formed; although sometimes 
found in old cultures. 

Hydrogen sulfide is formed in small 
amounts. 

Litmus milk: Acid and coagulation by 
some strains. 
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Acid and gas from fructose, glucose and 
maltose. Some strains ferment man¬ 
nitol, sucrose and lactose. 

.\naerobic. 

Optimum temperature 37°C. 

Experimental pathogenicity: Some 
strains are pathogenic for rabbits and 
guinea pigs but not for white rats and 
mice. 

Source and habitat : Female genitalia, 
urinary infections, puerperal infections, 
acute appendicitis, otitis, pulmonary 
gangrene, liver abscesses, septicaemias 
and intestinal tract. 

4. Bacteroides siccus Kggerth and Gag¬ 
non. (Eggerth and G.'ignon, Jour. Bact., 
1933, \li)\ SpherophoTUs siccus Prdvol, 
Ann. Inst. Past., 60, 1938, 209.) From 
Latin siccus, dry. 

Short, thick rods: About 1.0 micron 
long. In glucose broth they are coccoid 
and often grow in short chains. Non- 
motile. Gram-negative. 

Gelatin: Not liquefied. 

Blood agar colonies: Elevated, dry, 
difficult to emulsify, 1.0 to 1.5 mm in 
diameter. 

Broth: Growth occurs as a powdery 
sediment with a clear supernatant fluid. 

Indole not formed. 

Hydrogen sulfide is formed. 

Milk: Unchanged. 

Nitrites not produced from nitrates. 

Acid but no gas from fructose. No acid 
or gas from glucose, glycerol, mannitol, 
sorbitol, arabinose, salicin, trehalose, 
amygdalin, cellobiose, glycogen, rham- 
nose, xylose or lactose. 

Non-imthogeric for white mice and , 
rabbits. 

Anaerobic. 

Distinctive cliaracters: Gas is formed 
in small amounts from peptone. Phenol 
red and brom cresol purple are de¬ 
colorized in meat infusion broth. 

Source: Two strains isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 


5. Bacteroides coagolana Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., B6, 1933,409; Paateurella coagulans 
Pr^vot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin coagula^na, coagulating. 

Rods: 0.5 to 2.0 microns long. Bipolar 
staining. Non-motile. Gram-negative. 

Gelatin: Liquefied in 8 to 12 days. 

Blood agar colonies: Soft, transparent, 
0.5 mm in diameter. 

Broth: Diffuse growth. 

Indole is formed. 

Hydrogen sulfide is formed. 

Milk: Goagulated in 8 days without 
acid production. The coagulum partly 
redissolves after 3 to 4 weeks. 

Nitrites not produced from nitrates. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: No acid or gas 
from carbohydrates. A small amount 
of gas is formed from peptone. Phenol 
red and brom cresol purple are de¬ 
colorized in a meat infusion broth. 

Source: One strain isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

6. Bacteroides varius Eggerth and 
Ciagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 409; Spherophorus variua 
Pr4vot, Ann. Inst. Past., 60, 1938, 299.) 
From Latin varius, diverse. 

Hods: 1.0 to 3.0 microns long. Staining 
uneven. Non-motile. Gram-negative. 

Gelatin: Not liquefied in 45 days. 

Blood agar colonies: Very flat cones, 
2.0 to 3.0 mm in diameter. 

Broth: Diffusely clouded. 

Indole is formed. 

Hydrogen sulfide produced. 

Milk: Not acidified or coagulated. 

Nitrites not produced from nitrates. 

Acid and gas from fructose, galactose, 
glucose and mannose. No acid or gas 
from esculin, amygdalin, arabinose, cello¬ 
biose, dextrin, glycerol, glycogen, inulin, 
lactose, maltose, mannitol, melexitoae. 
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raffinoae^ rhamnose, salicin, aorbitol, 
starch, sucrose, trehalose or xylose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: Gas is formed 
from peptone. Brom cresol purple and 
phenol red are decolorized in a meat in¬ 
fusion broth. 

Source: Two strains isolated from hu¬ 
man feces. 

Habitat: Probably intestinal canal of 
mammals. 

7. Bacteroides Inaequalis Eiggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 1933, 407; Spherophorus inae- 
qttalis Prdvot, Ann. Inst. Past., 60, 1938, 
298.) From Latin inaequalis, unequal. 

Rods: Wide variation in size and form. 
Marked pleomorphism on blood agar. 
Non-motile. Gram-negative. 

Gelatin: Not liquefied in 45 days. 

Blood agar colonies: Pin-point in size. 

Broth: Diffusely clouded. 

Indole is formed. 

Hydrogen sulfide is produced. 

Milk: Acidified but not coagulated. 

Nitrites not produced from nitrates. 

Acid but no gas from esculin, amyg- 
dalin, arabinose, fructose, galactose, 
glucose, lactose, maltose, mannose, raffi' 
nose, salicin, sucrose and xylose. No 
add or gas from cellobiose, dextrin, 
glycerol, glycogen, inulin, mannitol, 
melezitose, rhamnose, sorbitol, starch 
and trehalose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: Forms small 
amount (5 per cent in Smith tube) of 
gas from peptone water in the complete 
absence of carbohydrates. None of this 
gas is absorbed by alkali. Rapidly de¬ 
colorizes brom cresol purple and phenol 
red in meat infusion broth; slowly or 
not at all in peptone water. 

Source: One strain isolated from human 

fsoes* 


Habitat: Probably intestinal canal of 
mammals. 

8. Bacteroides insolltus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., F5, 1933, 408; Rtsiella insoliia 
Pr^vot, Ann. Inst. Past., 60, 1938, 291.) 
From Latin insolitus, uncommon. 

Short thick rods: 1 0 to 2.0 microns 
long. Often slender, curved, 2.0 to 3.0 
microns long. Non-motile. Gram- 
negative. 

Gelatin : Not liquefied in 45 days. 

Blood agar colonics: Minute, trans¬ 
parent. 

Broth: Heavy, diffuse growth. 

Indole is formed. 

Hydrogen sulfide is formed. 

Milk: Acidified and coagulated in 30 
to 35 days. 

Nitrites not produced from nitrates. 

Acid but no gas from fructose, galac¬ 
tose, glucose, glycerol, lactose, maltose 
and mannose. No acid or gas from es¬ 
culin, amygdalin, arabinose, cellobiose, 
dextrin, glycogen, inulin, mannitol, melez¬ 
itose, raffinose, rhamnose, salicin, sor¬ 
bitol, starch, sucrose, trehalose and 
xylose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: Brom cresol 
purple and phenol red are rapidly de¬ 
colorized in a meat infusion broth. A 
snrnll amount of gas is formed from pep¬ 
tone. 

Source: One strain isolated from human 
feces. 

Habitat: Probably intestinal canal of 
mammals. 

9. Bacteroides vescus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., F5, 1933, 406; Fuaiformia veacua 
Prdvot, Ann. Inst. Past., 60, 1938, 300.) 
From Latin veacua, small or weak. 

Slender, pointed rods: 1.0 to 2.0 
microns long, sometimes slightly curved. 
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Bipolar staining. Non-motile. Gram¬ 
negative. 

Gelatin: Liquefied in 8 to 25 days. 

Blood agar colonies: Very minute and 
transparent. 

Broth: Diffusely clouded. 

Indole not formed. 

Hydrogen sulfide not produced. 

Milk: Neither acidified nor coagulated. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid but no gas from cellobiose (in 30 
days), dextrin, glucose, maltose, man¬ 
nose and rhamnose. No acid or gas from 
esculin, amygdalin, arabinose, galactose, 
mannitol, melezitose, raffinosc, salicin, 
sorbitol, starch, sucrose, trehalose, xylose, 
glycerol, glycogen, inulin, lactose or 
fructose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: One strain isolated from hu¬ 
man feces. 

Habitat: Probably intestinal canal of 

mammals. 

10. Bacteroides exiguus Kggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., F5, 1933, 407; Rtslclla exigua Pr4- 
vot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin exiguus, small and narrow. 

Very small slender rods: 0.5 to 1.0 
micron long, occurring singly and in 
pairs. Non-motile. Gram-negative. 

Gelatin: Liquefied in 16 to 20 days. 

Blood agar colonies: These are of two 
types. One is pin-point in size, the 
other is large, gray, moist, 1.0 to 1,5 mm 
in diameter. 

Broth: Diffusely clouded. 

Indole not formed. 

Hydrogen sulfide not formed. 

Milk: Acidified and may or may not be 
coagulated in 35 to 40 days. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid but no gas from fructose, galac¬ 
tose, glucose, lactose, maltose, mannose, 
sucrose and trehak>8e. One strain fer¬ 


ments raffinose. No acid or gas from 
esculin, amygdalin, arabinose, cellobiose, 
dextrin, glycerol, glycogen, inulin, man¬ 
nitol, melezitose, rhamnose, salicin, sor¬ 
bitol, starch or xylose. 

Non-pathogenic for w^hite mice and 
rabbits. 

Anaerobic. 

Source: Two strains isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

11. Bacteroides uncatus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 26, 1933, 404; Ristella uneata 
Pr^vot, Ann. Inst. Past., 60, 1938, 
291.) From Latin uncatus, hooked at 
the tip.^ 

Rods: Extreme variations in size and 
form. The ordinary length is 5.0 to 8.0 
microns. Curved and hooked forms 
common. Non-motile. Gram-negative. 

Gelatin: Liquefied in 16 days. 

Blood agar colonies: Very minute and 
transparent. 

Broth: Turbid, growth is slow and 
light. 

Indole not formed. 

Hydrogen sulfide not formed*. 

Milk: Not acidified or coagulated. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid but no gas after 8 to 30 days of 
incubation from dextrin, fructose, galac¬ 
tose, glucose, lactose, maltose, raffinose, 
rhamnose, salicin, starch and sucrose. 
No acid from esculin, amygdalin, arabi¬ 
nose, cellobiose, glycerol, glycogen, in¬ 
ulin, mannitol, mannose, melezitose, 
sorbitol, trehalose or xylose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: One strain isolated from human 
feces. 

Habitat: Probably intestinal canal of 
mammals. 

12. Bacteroides vulgatus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
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Baet., 1933, 401; Pa$teur€lla vulgata 
Pr4vot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin vulgaius, common. 

Oval rods: 0.7 to 2.5 microns long, usu¬ 
ally occurring singly, sometimes in 
pairs. One strain formed filaments 10 
microns long. Stain solidly, some 
strains show bipolar staining. Morphol¬ 
ogy very variable in glucose broth. 
Non-motile. Gram-negative. 

Gelatin: Liquefied in 4 to 20 days by 
all but one strain. 

Blood agar colonies: Soft, translucent, 
grayish, elevated, 1.5 to 2.0 mm in diam¬ 
eter. Half of the strains are hemolytic. 

Broth: Heavy and diffuse growth. 

Indole not formed. 

Hydrogen sulfide is formed. 

hfilk: Acidified. Coagulated by some 
strains in 5 to 25 days. 

Nitrites not produced from nitrates. 

Acid and a small amount of gas from 
arabinose, dextrin, fructose, galactose, 
iducose, glycogen, inulin, lactose, maltose, 
mannose, rafiBinose, rhamnose, starch, 
sucrose and xylose. Seven strains 
fermented esculin. No acid or gas from 
amygdalin, cellobiose, glycerol, mannitol, 
melesitose, salicin, sorbitol, trehalose, 
duldtol, erythritol or inositol. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: Does not form 
indole; does not produce gas from pep¬ 
tone. This is the commonest species 
found in the feces of adults. Differs 
from Bacteroides incommunia in that 
it does not ferment amygdalin and cello¬ 
biose, but does ferment glycogen and 
starch. Liquefies gelatin. 

Source: Thirty-eight strains isolated 
from human feces. 

Habitat: Probably intestinal canal of 
mammals. 

13. Bacteroldes Incommunis Eggerth 
and Gagnon. (Eggerth and Gagnon, 
Jour. Baet., A5,1933,402; Riatella inam- 
munU Prdvot, Ann. Jxmt, Past., 60, 


1938, 291.) From Latin incommunia, 
not common. 

Rods: 0.5 to 1.5 by 1.0 to 3.0 microns, 
occurring singly. Stain solidly. Non- 
motile. Gram-negative. 

Gelatin: Not liquefied. 

Blood agar colonies: Elevated, slightly 
yellowish, 1 mm in diameter. One 
strain formed soft colonies; the other 
was stringy when emulsified. 

Broth: Growth is diffuse. 

Indole not formed. 

Hydrogen sulfide is formed. 

Milk: Acidified but not coagulated; 
coagulates promptly on boiling. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid and a small amount of gas from 
amygdalin, arabinose, cellobiose, dextrin, 
fructose, galactose, glucose, inulin, lac¬ 
tose, maltose, mannose, raffinose, rham¬ 
nose, sucrose and xylose. One strain 
fermented glycogen and starch. No 
action on esculin, glycerol, mannitol, 
melezitose, salicin, sorbitol or trehalose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: Two strains isolated from hu¬ 
man feces. 

Habitat: Probably intestinal canal of 
mammals. 

14. Bacteroldes distasonls Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 26, 1933, 403; Riatella dialaaonia 
Pr4vot, Ann. Inst. Past., 60, 1938, 291.) 
Named for Distaso, Roumanian bac¬ 
teriologist. 

Rods: 0.5 to 0.8 by 1.5 to 2.5 microns, 
occurring singly. Staining solidly and 
having rounded ends. Some strains 
show a few bacilli 5.0 to 8.0 microns long. 
Non-motile. Gram-negative. 

Gelatin: Not liquefied by 16 strains. 
The remaining 4 liquefied gelatin in 35 
to 50 days. 

Blood agar colonies: Soft, grayish, 
elevated colonies, 1.0 to 1.5 mm in diam¬ 
eter. Two strains markedly hemolartic. 
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Broth; Growth is diffuse. 

Indole not formed. 

Hydrogen sulfide is produced. 

Milk; Acidified. All but 4 strains 
coagulate milk. 

Nitrites not produced from nitrates. 

Peptone; No gas. 

Acid but no gas from amygdalin, 
ccllobiose, dextrin, fructose, galactose, 
glucose, inulin, lactose, maltose, man¬ 
nose, melezitosc, raffmosc, rliamnose, 
salicin, sucrose, trehalose and xylose. 
Fifteen strains ferment esculin. Fifteen 
strains slowly ferment starch. No acid 
or gas from arabinosc, glycogen, glycerol, 
mannitol or sorbitol. 

Non-pathogcnic for white mice mid rab¬ 
bits. 

Anaerobic. 

Distinctive characters: Usually fails 
to liquefy gelatin. Fails to ferment 
arabinose. 

Source: Twenty strains isolated from 
human feces. 

Habitat' Probably intestinal canal of 
mammals. 

15. Bacteroides tumidus Eggerth and 
Gagnon. (lOggorth and Gagnon, Jour. 
Ikict., 25, 40 Risiclla iumida 

Prdvot, Ann. Inst. Past., GO, 1938, 2‘)2.) 
From Ditin tvinidus, swollen. 

Small, thick oval rods: 1.0 to 1.5 
microns long and ociMirring .singly. The 
staining i.s .solid. On glucose broth many 
swollen forms with irregular staining 
from 1.0 to 4.0 by 1.5 to 10 microns. 
The Uidies of these swollen forms are 
u.sually very ixile, with only the ends 
staining. Non-motile. Gram-negative. 

Gelatin: Liquefied in 12 to 20 days. 

Blood agar colonies: Soft, grayish^ 
elevated colonics, 1 mm in diameter. 

Broth: Heavy, difluse growth. 

Indole not formed. 

Hydrogen sulfide is produced. 

Milk: Acidified but not coagulated. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid but no gas from dextrin, fruc¬ 


tose, galactose, glucose, glycogen, inuliny 
lactose, maltose, mannose, raffinose, sor* 
bitol, starch and sucrose. No acid or 
gas from esculin, amygdalin, arabinose, 
cellobiose, glycerol, mannitol, melezitose, 
rhamnose, salicin, trehalose or xylose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: Four strains isolated from 
human feces. 

Habitat; Probably intestinal canal of 
mammals. 

16. Bacteroides convexus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 406; Pasteurclla convexa 
Pr^vot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin convexus, convex. 

Thick, oval rods; 0.8 to 1.5 microns 
long, occurring singly or in pairs. In 
glucose broth, the rods are usually 2.0 
to 3.0 micions long. Non-motile. Gram 
ncgaiive. 

Gelatin: Liquefied in 20 to 30 days. 

Blood agar colonies: Elevated, grayish, 
somewhat opaque colonies, 1.0 to 1,5 
mm in diameter. 

Broth: Heavy diffuse growth. 

Indole not formed. 

Hydrogen sulfide is produced. 

Milk: Acidified and coagulated in 4 
days. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid and a small amount of gas from 
esculin, amygdalin, cellobiose, dextrin, 
fructose, galactose, glucose, glycogen, 
inulin, lactose, maltose, mannose, raffi- 
nosc, starch, sucrose and xylose. No 
acid or gas from arabinose, glycerol, 
mannitol, melezitosc, rhamnose, salicin, 
sorbitol or trehalose. 

Noii-jiathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: Five strains isolated from 
human feces. 

Habitat : Prolmbly intestinal canal of 
mammals. 
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17. Bacteroides o^atus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., F5, 1933, 405; Pasteurella ovata 
Prdvot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin ovatus, egg-shaped. 

Small oval rods: 0.5 to 1.0 by 1.0 to 
2.0 microns, occurring singly. Stains 
solidly. Non-motile. Gram-negative. 

Gelatin: Liquefied in 4 days. 

Blood agar colonies: Soft, grayish, 
elevated colonies, 1.0 to 1.5 mm in diam¬ 
eter. 

Broth: Diffuse, heavy growth. 

Indole is formed. 

Hydrogen sulfide is produced. 

Milk: Acidified and coagulated in 4 
days. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid and a small amount of gas from 
esculin, amygdalin, cellobiose, dextrin, 
fructose, galactose, glucose, glycogen, 
inulin, lactose, maltose, mannose, raffi- 
nose, rhamnose, starch, sucrose and 
xylose. No acid or gas from arabinose, 
l^yoerol, mannitol, melezitose, salicin, 
sorbitol or trehalose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: One strain isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

18. Bacteroldes uniformis Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 65, 1933, 400; Risiella uniformis 
Prdvot, Ann. Inst. Past., 60, 1938, 291.) 
From Latin uniformis, of a. single form. 

Small rods: 0.8 to 1.5 microns long, 
occurring singly, with rounded ends. 
Stain heavier at poles and around periph¬ 
ery. Non-motile. Gram-negative. 

Gelatin: Liquefied by two strains in 
15 to 40 days. Six strains did not liquefy. 

Blood agar colonies: Transparent, soft, 
elevated, 05 to 0.75 mm in diameter. 

Broth: Diffuse growth. 

bDMlole formed. 


Hydrogen sulfide produced slowly or 
not at all. 

Milk: Acidified and coagulated in 8 to 
12 days. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid but no gas from esculin, amyg- 
dalin, arabinose, cellobiose, dextrin, fruc¬ 
tose, galactose, glucose, glycogen, inulin, 
lactose, maltose, mannose, melezitose, 
raffinose, salicin, starch, sucrose, treha¬ 
lose and xylose. No acid or gas from 
glycerol, mannitol, rhamnose, sorbitol, 
dulcitol, erythritol or inositol. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: Forms indole. 
Resembles Bacteroides vulgatus. 

Source: Eight strains isolated from 
human feces. 

Habitat: Prol)ably intestinal canal of 
mammals. 

19. Bacteroides thetalotaomicron 

(Distaso) Castellani and Chalmers. 
(Bacillus thetaiotaomicron Distaso, Cent, 
f. Bakt., I Abt., Orig., 66 , 1912, 444; 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 960; Spherocillus 
thetaiotaomicron Prdvot, Ann. Inst. Past., 
60, 1938, 300.) The combination theta, 
iota and omicron is used because the 
pleomorphic rods have the shape of these 
Greek letters. 

Description taken from Distaso (loc» 
cit.). More complete description will 
be found in Eggerth and Gagnon (Jour. 
Bact., 26, 1933, 399). 

Short, plump to oval rods. Stain 
solidly or only at poles. Sometimes with 
bar causing organism to resemble*Greek 
lettei; theta. Motile (Distaso). Non* 
motile (Eggerth and Gagnon). Gram¬ 
negative. 

Gelatin : No liquefaction. 

Glucose agar colonies: Large, trans* 
parent, entire. Sometimes form gas 
bubbles. 

Broth: Turbid. 
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Egg albumen broth: Albumen not 
attacked. 

Indole is formed. 

Hydrogen sulfide produced (Eggerth 
and Gagnon). 

Litmus milk: Acid, coagulated. Curd 
shrinks with expulsion of turbid whey. 

Nitrates not recorded (Distaso). Ni¬ 
trites not produced from nitrates (Eg¬ 
gerth and Gagnon). 

Peptone: No gas (Eggerth and Gag¬ 
non). 

Acid and gas from esculin, amygdalin, 
arabinosc, fructose, inulin, lactose, cello- 
biose, dextrin, galactose, glucose, glyco¬ 
gen, maltose, mannose, melezitose, 
raffinose, rliamnose, salicin, starch, su¬ 
crose. trehalose and xylose. Four strains 
fail to produce gas from any sugar. No 
acid or gas from glycerol, mannitol or 
sorbitol (Eggerth and Gagnon). 

Anaerobic. 

Distinctive characters: Resembles 
BacUtroides vanabilis but is not cap 
sulated, does not liquefy gelatin, usually 
forms gfis from sugars, and ferments 
melezitose and trehalose. Differs from 
Bacteroides untformts in morphology, 
forming gas from sugars and in fermenl- 
ing rhamnose (Eggerth and Gagnon). 

Source: Isolated frequently from 
human feces. 

Habitat: Intestinal canal of mammals 
(common). 

20. Bacteroides variabilis (Distaso) 
Castellani and (-halmcrs. {Bacillus 
variabilis Distaso, Cent. f. Ikikt., 1 
Abt., Grig., OB, 1912, 441; Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 960; Capsularis variabilis Pr<5vot, 
Ann. Inst. Past., 00, 1938, 293.) From 
Latin variabilis, variable. 

Short rods, with rounded ends, occur¬ 
ring singly. Some long flexuous rods. 
Capsulated. Non-motile. Gram- 
negative. 

Gelatin: No growth on plain gelatin 
(Distaso); liquefaction (Eggerth and 
Gagnon, Jour. Bact., B5, 1933, 400). 


Blood agar colonies: Smooth, glistening, 
elevated and very mucoid, about 1.0 
mm in diameter. 

Broth: Diffuse growth. 

Indole is formed. 

Hydrogen sulfide is formed. 

Litmus milk: Unchanged (Distaso); 
acidified and some strains coagulating 
in 25 to 35 days (Eggerth and Gagnon). 

Nitrites not produced from nitrates 
(Eggerth and Gagnon). 

Peptone: No gas. 

Acid and gas from glucose, lactose and 
.sucrose ( Distaso) -\cid and no gas from 
esculin, amygdalin, arabinose, cello- 
biose, dextrin, fructose, galactose, 
glycogen, inulin, lactose, glucose, 
maltose, mannose, raffinose, rhamnose, 
salacin, starch, sucrose and .xylose. 
No acid or gas from glycerol, mannitol, 
meleziiose, sorbitol or trehalose (Eg¬ 
gerth and Gagnon). 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Optimum Icmi^erature 37®C. 

Distinctive characters: Capsulated. 

iSource: Isolated from human feces by 
Distaso, and by h'ggerth and Gagnon 
(8 strains). 

Habitat- Probably intestinal canal of 
mammals. 

21. Bacteroides gulosus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 30S;Spkerophorus gulosus 
Pr^vot, Ann. Inst. Past., 60, 1938, 298.) 
From J.atin gulosus, gluttonous. 

Small oval rods: 0.8 to 1.0 by 1.0 to 2.0 
microns, staining deeper around periph¬ 
ery. Non-motile. Gram-negative. 

Gelatin: Liquefied in 2 to 3 weeks. 

Blood agar colonies: Soft, gray, entire, 
elevated, 2 mm in diameter. 

Broth: Heavy and diffuse growth. 

Indole formed. 

Hydrogen sulfide is formed. 

Milk: Acidified and coagulated in 4 to 
20 days. 

Nitrites not produced from nitrates. 
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Acid and a very small amount of gas 
from esculin, amygdalin, arabinose, cel- 
lobiose, dextrin, fructose, galactose, 
glycogen, inulin, lactose, glucose, mal¬ 
tose, mannitol, mannose, melezitose, 
raffinose, rhamnose, salicin, sorbitol, 
starch, sucrose, trehalose and xylose. 
Sorbitol and mannitol require 2 to 3 weeks 
for fermentation. Neither acid nor gas 
from glycerol, dulcitol, erythritol or 
inositol. 

Peptone: No gas. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: Seven strains isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

22. Bacteroldes melanlnogenicus (Oli¬ 
ver and Wherry) Roy and Kelly. (Bac¬ 
terium rnelaninogenicum Oliver and 
Wherry, Jour. Inf. Dis., 1921, 341; 
Hemophilua melaninogenicus Bcrgey et 
al., Manual, 3rd ed., 1930, 314; Ristella 
melaninogenica Pr^vot, Ann. Inst. Past., 
60, 1939, 290; Roy and Kelly, in Manual, 
5th ed., 1939, 509.) From Greek, black- 
producing. 

Description taken from Oliver and 
Wherry (loc, cit,) and Burdon (Joqr. 
Inf. Dis., 46 , 1928, 161). 

Rods: 0.8 by 1.0 to 3.0 microns. Non- 
motile. Gram-negative. 

Serum gelatin stab: Dense flocculent 
growth at 37®C. No liquefaction. 

Blood agar slant: Confluent, black, 
dry layer. The blood is disintegrated 
in one to two weeks forming melanin. 
The medium becomes colorless. 

Sodium phosphate broth: Turbid. 

Litmus milk: Slow acidification but no 
coagulation. 

Blood serum slant: Fairly luxuriant, 
white, moist layer. 

Acid from fructose, glucose, lactose, 
maltose, sucrose and mannitol. No acid 
from galactose. 

Non-pathogenic for rabbits, guinea 


pigs and white mice (Burdon). Anaero¬ 
bic. 

Optimum temperature 37®C. 

Distinctive characters: Growth very 
poor unless fresh body fluids are added 
to the medium. Grows more readily in 
mixed culture. When grown on a me¬ 
dium containing haemoglobin, a black 
pigment is produced (melanin). 

Source: Oral cavity, external genitalia, 
infected surgical wound, urine and 
feces (Oliver and Wherry). 

Habitat: Inhabits healthy mucous 
membranes of mammals, but may take a 
part in various pathological processes 
(Burdon). 

23. Bacteroldes caviae (Vinzent) Hau- 
duroy et al. (Streptohacillus caviae 
Vinzent, Ann. Inst. Past., 4^, 1928, 533; 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 53; Spherophorus caviae Pr4vot, 
Ann. Inst. Past., 60, 1938, 299.) From 
Cavia, a genus of rodents. 

Rods: Small, sometimes curved. 
Usually 0.3 to 0.5 by 1.0 to 1.5 microns. 
Occurring singly and in chains. Pleo¬ 
morphic in old cultures with long 
filamentous forms. Non-motile. Gram¬ 
negative. 

Serum gelatin: No liquefaction. 

Serum agar: Surface colonics, snutll, 
translucent, slightly raised, adherent to 
medium in 48 hours. Deep colonies, 
lenticular, 2 mm in size in 48 hours. 
Golonies difficult to break up. No gas. 

Serum broth: Supernatant fluid clear, 
with small, stellate colonies, which tend 
to adhere to walls of the tube. No gas. 

Indole not formed in serum peptone 
water. 

Hydrogen sulfide not formed. 

Milk: Unchanged. 

Coagulated egg white and serum not 
liquefied. 

No acid or gas from carbohydrates. 

Pathogenic for guinea pigs, rabbits and 
mice. 

Anaerobic. 

Optimum temperature 37*'C. 
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Distinctive characters: No growth 
unless serum is added to the medium. 

Source: From epidemic benign cervical 
adenitis of guinea pigs. 

Habitat: Infected guinea pigs so far 
as known. 

Appendix I: Additional species which 
may belong here. 

Bacteroides laevts (Distaso) Hergey 
et al. {Bacillus laevis Distaso, Cent. f. 
Bakt., I .\bt., Grig., 62, 1012, 141; Bergey 
et al., Manual, Ist cd., 1023, 250; not 
Bacillus laevis Fraiikland and Frank- 
land, Phil. Trans. Roy. Soc. London, 
178, B, 1887, 278.) From feces. 

Bacteroides liqucfaciens (Di.staso) Ber¬ 
gey et al. {Coccohacillus liqucfaciens 
Distaso, Cent. f. Bakt., I Abt., Grig., 
59, 1911, 102; Bergey et al., Manual, 1st 
ed., 1023, 202.) From feces. 

Bacteroides rigidus (Distaso) Bergey 
et al. {Bacillus rigidus Distaso, Ceni. 
f. Bakt., I Abt., Grig., 59, 1911, lUJ, 
Bergey et al., Manual, 1st ed., 1923. 203.) 

Appendix II*: Pr<5vot (Ann. Inst. Past., 
00, 1938, 285 and Man. de Class, et de 
Ddterm. des Bact. Anac^robies, 1940, 38) 
has arranged some of the anaerobic, non¬ 
spore-forming, Gram-negative, largely 
parasitic rods in two families, Ristellaceae 
and Spherophoraceae, as follows: 

Family Ristellaceae Prdvot. 

(Ann. Inst. Past., 60, 1938, 288.) 

Oenus /. Ristella Prkvol, 

{Loc. cit,, 289.) 

Straight or slightly bent, non-motile 
rods. Not capsulated. Gram-negative. 
Anaerobic. 

1. Ristella fragilis. See Bacteroides 
fragilis. 


2. Ristella melaninogen,iea. See Boc- 
ieroides melaninogenicus, 

3. Ristella haloseptica (Wyss) Prdvot. 
{Bacterium halosepiicum Wyss, Mitt. 
Grenz. Med. u! Chir., IS, 1904, 199; 
Pr6vot, loc. cit., 291.) From a fatal case 
of osteomyelitis in man. For a descrip¬ 
tion of this species, see Manual, 5th ed., 
1939, 570. 

4. Ristella putredinis (Weinberg etal.) 
Pr^vot. (Bacillus A, Heyde, Beitr. z. 
klin. Cliirurg., 76, 1911, 1; Bacillus pu¬ 
tredinis Weinberg et al., Les Microbes 
Ana^robies, 1937, 755; Pr^vot, loc. cit., 
291.) Fifteen strains isolated from acute 
appendicitis. For a description of this 
si^ecies, see Manual, 5th ed., 1939, 571. 

5. Ristella terebrans (Brocard and 
Pham) Prdvot. {Bacillus terebrans Bro¬ 
card and Pham, Compt. rend. Soc. Biol., 
Paris, 117, 1934, 997; Prdvot, loc. cit., 
291.) Two strains isolated from cases 
of gangrenous erysipelas, associated with 
a streptococcus. For a description of this 
species, see Manual, 5th ed., 1939, 571. 

C. Ristella fur cosa (Veil Ion and Zuber) 
Pr^vot. {Bacillus furcosus Veillon and 
Zuber, Arch. M4d. Exp. et Anat. Path., 
10 , 1898; Fusiformis furcosus Topley 
and Wilson, Princip. Baci. and Immun., 
1st ed., i, 1931, 302; Bacteioides furcosus 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 61; Pr^vot, loc. cit., 291.) From 
cases of appendicitis and from lung 
abscesses. For a description of this 
species, see Manual, 5th ed., 1939, 572. 

7. Ristella putida (Weinberg et al.) 
Pr^vot. {Bacillus gracilis piitidus Tis- 
sier and Martelly, Ann. Inst. Past., 16, 
1902, 865; Bacillus putidus Weinberg 
et al., Les Microbes Ana^robies, 1937, 
790; not Bacillus putidus Kern, Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 


* Rearranged by Mrs. Eleanore Heist Clise, New York State Experiment Station, 
Geneva, New York, December, 1945. 
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400; Prtvot, loe. eiL, 291.) Prom putre¬ 
fying meat. For a description of this 
species, see Manual, 5th ed., 1939,573. 

8. RUtellacloatridUformU (Ankersmit; 
Prdvot. {Bacterium clostridiiformu 
Ankersmit, Cent. f. Bakt., I Abt., 
Orig., 40 , 1906, 115; Pr4vot, loc. cit., 
291.) From the normal intestines of 
cattle. For a description of this species, 
see Manual, 5th ed., 1939, 574. 

9. Rietella perfaetens (Weinberg et al.) 
Prdvot. (CoceolHicillus anaerobius per- 
foeiens Tissier, Th^se Med., Paris, 1900; 
Bacterium perfoetene Weinberg et al., 
Les Microbes Anadrobies, 1937, 790; 
Bacteraidee perfoetcne Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 67; Pr^vot, 
loe. eit., 291.) From the intestines of 
infants with diarrhoea. For a descrip¬ 
tion of this species, see Manual, 5th ed., 
1939, 575. 

10. RUteUa thermophila fi (Weinberg 
et al.) Prdvot. (Thermo 0 , Veillon, 
Ann. Inet. Past., S6, 1922, 430; Bacillus 
thermophUue $ Weinberg et al., Les 
KGcrobes Anadrobies, 1937, 800; Prdvot, 
loe, eit., 291.) From manure. Non- 
pathogenic. 

11. RieteUa thermophila y (Weinberg 
et al.) Prdvot. (Thermo y, Veil¬ 
lon, Ann. Inst. Past., S6, 1922, 432; 
Bacillus thermophUue y Weinberg et al., 
Les Microbes Anadrobies, 1937, 800; 
Prdvot, loc, eit., 291.) From manure. 
For a description of this species, sec 
Manual, 5th ed., 1939, 575. 

12. RieteUa incommunie. See Bac- 
Uroidee incommunie. 

13. RieteUa ineolita. See Bacteroidee 
ineoliiue. 

14. RieteUa haloemophila (Baumgart¬ 
ner) Prdvot. (Bacteroidee haloemophi- 
lue Baumgartner, Food Research, t, 1937, 
321;Prdvot, Man. de Class, et de Ddterm. 


des Bact. Anadrobies, 1940, 47.) From 
salted Mediterranean anchovies. Fre¬ 
quently found in the fish muscle and in 
the solar salt (the probable infecting 
agent) in which the fish is packed. For a 
description of this species, see Manual, 
5th ed., 1939, 584. 

15. RieteUa naviformie (Jungano) 
Prdvot. (Bacillue naviformie Jungano, 
Compt. rend. Soc. Biol., Paris, 66 , 1909, 
122; Prdvot, Ann. Inst. Past., 60, 1938, 
291.) From the large intestine of the 
rat. For a description of this species, 
see Manual, 5th ed., 1939, 573. 

16. RieteUa liebenie-plani Prdvot. 
(Bacillus of lichen planus, Jacob and 
Helmbold, .Arch. Derm. Syph., 5, 1933, 
28; Prdvot, loc. cit., 291.) From the 
lesions of an inflammatory skin disease, 
lichen planus. 

17. RieteUa destillalionis (Weinberg et 
al.) Prdvot. (Bacterium, Tunnicliflf, 
Jour. Inf. Dis., IS, 1913 , 283; Bacterium 
deetillationis Weinberg et al., Les 
Microbes Anadrobies, 1937,762; Prdvot, 
loc. cit., 291.) From a case of chronic 
bronchitis. 

18. RieteUa uniformie. See Bacte¬ 
roidee uniformis. 

19. RieteUa dietaeonis. See Bacte^ 
roidee dietaeonis. 

20. RieteUa uncata. See Bacteroidee 
uncatue. 

21. RieteUa tumida. See Bacteroidee 
tumidue. 

22. RieteUa exigua. See Bacteroidee 
exiguue. 

23. RieteUa trichoidee (Potez and Com- 
pagnon) Prdvot. (Bacillue trichoidee 
Potez and Compagnon, Compt. rend. 
Soc. Biol., Paris, 87, 1922, 339; Bac- 
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Uroidta irtehoides Hauduroy et al., 
Diet. d. Bact. Path., 1937, 78; Pr^vot, 
loc. ciL, 292.) From a case of choleocysti- 
tis. For a description of this species, 
seh Manual, 5th ed., 1939, 572. 

24. Riatella glutinoua (Guillemot and 
Hall4) Pr4vot. (Bacillus glutinosus 
Guillemot and Hall^, Arch. M^d. Exp. 
et Anat. Path., 16^ 1904, 599; Bacteroidea 
glutinosus Hauduroy et al., Diet. d. 
Bact. Path., 1937, 61; Pr^vot, loc. cit., 
292.) From purulent pleurisies. 

25. Ristella capillosa (Tissier) Pr<5vot. 
(Bacillus capillosus Tissier, Ann. Inst. 
Past., ee, 1908, 189; Prdvot, loc. cit., 
292.) From the intestines of infants. 
For a description of this species, see 
Manual, 5th ed., 1939, 573. 

26. Ristella cylindroides (Ilocchi) Pr^- 
vot. (Bacterium cylindroides Ilocchi, 
Lo stato actuale delle nostre cognizioni 
sui germi anaerobi Gamberinc e Parmez- 
ziani, Bologna, 1908; Pr4vot, loc. cit., 
292.) From the human intestine. For 
a description of this species, sec Manual, 
5th ed., 1939, 574. 

Genus II. Pasteurella Trevisan. 

Four species. See Bacteroides vul- 
gatuSy Bacteroides oraiuSy Bacteroides 
convexuSy and Bacteroides coogulans. 

Genus III. Dialister Bergcy et al. 

Two species. See Dialister. 

Genus IV. Capsularis Prhoi. 

(Loc. cit.f 290.) 

Characters as for the genus Hisiellay 
but capsulated. 

1. Capsularis zoogleiformans (Wein¬ 
berg et al.) Pr4vot. (Bacillus mucosus 
anaerobius Prausnitz, Cent. f. Bakt., I 
Abt., Orig., 89y 1922, 126; Bacterium 
zoogleiformans Weinberg et al., Djs 


Microbes Ana4robics, 1937, 725; Boc- 
ieroides praussnitzii Hauduroy et al., 
Diet. d. Bact. Path., 1937, 68; Pr4vot, 
loc. cit.y 293.) From a purulent em¬ 
pyema in man. For a description of this 
species, see Manual, 5th ed., 1939, 576. 

2. Capsularis mucosus (Weinberg et 
al.) Pr^vot. (Coccobacterium mucosum 
anaerobicum Klinger, Cent. f. Bakt., I 
Abt.. Grig., 69, 1912, 186; BacUrium 
mucosum Weinberg et al., I^s Microbes 
Ana^robies, 1937, 727; Bacteroides vis- 
C 08 U 8 Hauduroy et al., Diet. d. Bact. 
Path , 1937, 81; Prdvot, loc. cit., 293.) 
From a brain abscess following bron¬ 
chiectasis in man. For a description of 
this species, see Manual, 5th ed., 1939, 
575. 

3. Capsularis variabilis. See Bac¬ 
teroides variabilis. 

Genus V. Zuberella Prevot. 

(Loc. cii.y 290.) 

('haracters as for the genus RistellUy 
but motile with peritrichous flagella. 

1. Zuberella serpens. See Bacteroides 
serpens. 

2. Zuberella praeacuta (Tissier) Pri¬ 
vet. (Coccobacillus praeacutus Tissier, 
Ann. Inst. Past., 99, 1908, 189; Prevot, 
loc. cit., 293.) From the intestines of 
infants. For a description of this spe¬ 
cies, see Manual, 5th ed., 1939, 577. 

3. Zuberella clostridiiformis mobilis 
Prevot. (Bacterium clostridiiformis 
Chouk4vitch, Ann. Inst. Past., 96, 1911, 
345; Prdvot, loc. cit., 293.) From the 
intestines of a horse. Chouk^vitch con¬ 
sidered his organism the same as Anker- 
smit’s Bacterium clostridiiformis, al¬ 
though the former was motile. 

4. Zuberella aquatilis Pr4vot. (Spray 
and Laux, Amer. Water Works Asm., 
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W. 1930. 236; Pr^vot, loc. ctL, 293.) 
From river water. For a description of 
this organism, see Manual, 5th ed., 1939, 
577. 

5. Zvberella variegata (Distaso) Pr^- 
vot. {Bacillus variegatus Distaso, Cent, 
f. Bakt., I Abt., Grig., 6 $, 1912, 445; 
Bacteroides variegatus Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 960; Pr4vot, loc» cit., 293.) From 
the intestines. For a description of this 
species, see Manual, 5th ed., 1939, 578. 

6. Zuberella rhinitis (Tunnicliff) Pr4- 
vot. (Bacillus rhinitis Tunnicliff, Jour. 
Inf. Dis., 16, 1915, 493; Pr4vot, loc. cit., 
293.) Thirty-two strains isolated from 
the nasopharynx in human beings suffer¬ 
ing from pharyngitis, tonsilitis, bron¬ 
chitis and rhinitis, as well as from the 
nasal mucosa of normal human beings, 
rabbits, guinea pigs and dogs. For a 
description of this species, see Manual, 
5th ed., 1939, 576. 

Family Spherophoraceae Pr^vot. 

(Loc. cit., 289.) 

Genus /. Spherophorus Prevot. 

(Loc, cit., 297.) 

Very pleomorphic rods. Metachro- 
matic granules common in elongated 
forms. Non-motile. Non-spore-form¬ 
ing. Gram-negative. 

1. Spherophorus necrophorus (FlQgge) 
Pr4vot. (Bacillus der KAlberdiphthe- 
lie, Loeffler, Mitteil. kaiserl. Gesund- 
heitsamte, f, 1884, 493; Bacillus 

diphtherias vitulorum Flligge, Die Mikro- 
OHEanismen, 2 Au6., 1886, 265; Bacillus 
necrophorus Fitigge, ibid., 273; Bacillus 
diphtheriae-vitulorum Trevisan, I generi 
e le specie delle Batteriacee, 1889, 13; 
Bacillus fiXiJormis Shtitz; not Bacillus 
JUiformis Tils, Ztschr. f. Hyg., 9, 1890, 
294; not Bacillus JUiformis Migula, Syst. 


d. Bakt., 9, 1900, 587; Nekrosebacillen, 
Bang, Maanedskrift f. Dyrleager, 9, 1890, 
235; Streptothrix cuniculi Schmorl, Deut. 
Ztschr. f. Tiermed., 17, 1891, 376; Acti¬ 
nomyces cuniculi Gasperini, Mittheil. 
11 Internat. Med. Congr. Rome, see 
Cent. f. Bakt., 16, 1894, 684; not Acti¬ 
nomyces cuniculi Erikson, Med. Res. 
Council Spec. Rept. Ser. 203, 1935, 32; 
Oospora diphtherias vtlulorum Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 9, 
1896, 393; Actinomyces necrophorus 

Lehmann and Neumann, Bakt. Diag., 
2 Aufl., 9, 1899, 434; Streptothrix necro- 
phora Kitt, Bakterienkunde, 1899; Cory- 
nebacterium necrophorum Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 9, 1907, 
531; Bacillus necroseos Salomonsen, 
quoted from Lehmann and Neumann, 
ibid., 532; Cladothrix cuniculi Mac6, 
Traits de Bact., 6th ed., 9, 1913, 753; 
Bacterium necrophorum Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 9, 1927, 
504; Fusijormis necrophorus Topley and 
Wilson, Princip. Bact. and Immun., Ist 
ed., 1, 1931,299; Prdvot, Ann. Inst. Past., 
60, 1938, ^8.) Because of the impor¬ 
tance of this organism, a description is 
included here: 

Rods: 0.5 to 1.5 microns wide, forming 
long filaments, up to 80 to 100 microns 
long. Some authors report branching, 
others deny this. Short forms are re¬ 
ported by Schmorl to be motile. Gram¬ 
negative. 

(Gelatin stab: No liquefaction. 

Agar colonies: Small, dirty-white, 
circular, opaque, with yellowish center 
under low power lens. Margin floccose. 

Agar stab: Yellowish colonies along 
needle track. Gas bubbles produced. 

Coagulated blood serum: Small, whit¬ 
ish colonies, becoming opaque, fimbriate. 

Broth: Turbid, with gas. Cheese-like 
odor. 

Indole is formed. 

Litmus milk: Cheese-like odor. Acidi¬ 
fied and generally coagulated. 

Nitrites not produced from nitrates. 

Anaerobic. 
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Optimum temperature 37 ®C. 

Produces a soluble exotoxin. 

Source and habitat: Causes diphtheria 
in cattle with multiple sclerotic absces¬ 
ses; gangrenous dermatitis in horses and 
mules; multiple necrotic foci in liver of 
cattle and hogs. One case of human 
infection reported. Transmissible to 
mice and rabbits. 

2. Spherophorus funduliformia. See 
Bacieroides funduliformia, 

3. Spherophorua necrogenea (Wein¬ 
berg et al.) Pr^vot. (Bacillus, Kawa- 
mura, Jour. Jap. Soc. Vet. Sci., 5, 1926, 
22; Bacillus necrogenea Weinberg et al., 
lies Microbes Anadrobies, 1937, 381; 
Prdvot, loc. cit., 298.) From epidemic 
abscesses in hens. 

4. Spherophorus necroticus (Nati- 
velle) Prdvot. (Bacillus necroticus 
Nativellc, 1936, see Weinberg et al., Ijcs 
M icrobes Anadrobies, 1937, 693; Prdvot, 
he. cit., 298.) From a case of gangrenous 
appendicitis. For a description of this 
species, see Manual, 5th ed., 1939, 580. 

5. Spherophorus peritonitis Prdvot. 
(Bacillus, Ghon and Sachs, Cent. f. 
Bakt., I Abt., Orig., S8, 1905, 1 and 131; 
Prdvot, loc. cit., 298.) From peritoneal 
exudate. 

6. Spherophorus guhsus. See Bac- 
teroides guhsus. 

7. Spherophorus inaequalis. See Bac- 
teroidea inaequalis. 

8. Spherophorus varius. See Bac- 
teroides varius. 

9. Spherophorus siccus. See Bac^ 
teroides siccus. 

10. Spherophorus mortiferus (Harris) 
Prdvot. (Bacillus mortiferus Harris, 
Jour. Exp. Med., 6, 1901, 619; Prdvot, 


he. cit., 299.) From a liver abscess in 
man. For a description of this species, 
see Manual, 5th ed., 1939, 581. 

11. Spherophorus freundi (Hauduroy 
etal.) Prdvot. (Freund, Cent. f. Bakt., 
I Abt., Orig., 88, 1922, 9; Bacterium of 
Freund, Weinberg et al., Les Microbes 
Anadrobies, 1937, 706; Bacteroides freun- 
dii Hauduroy et al.. Diet. d. Bact. Path., 
1937, 57; Prdvot, he. cit., 299.) From a 
purulent meningitis following otitis in 
man. For a description of this species, 
see Manual, 5th ed., 1939, 581. 

12. Spherophorus pyogenes (Haudu¬ 
roy et al.) Prdvot. (Buday, Cent. f. 
Bakt., I Abt., Orig., 77, 1916, 453; BaciU 
lus pyogenes anaerobius Bela-Johan, 
Cent. f. Bakt., I Abt., Orig., 87, 1922,290; 
Bacteroides pyogenes Hauduroy et al., 
Diet. d. Bact. Path., 1937, 69; Prdvot, 
he. cit.y 299.) From abscesses of the 
liver and lungs following septic war 
wounds. .‘Vlso from the blood stream 
following tonsillectomies. For a de¬ 
scription of this species, see Manual, 
5th ed., 1939, 582. 

13. Spherophorua gonidiaformans 
(Tunnicliff and Jackson) Prdvot. (Ba¬ 
cillus gonidiaformans Tunnicliff and 
Jackson, Jour. Inf. Dis., S6, 1925, 430; 
Actinomyces gonadiformis (sic) Bergey 
et al., Manual, 3rd ed., 1930, 469; Bac- 
teroides gonidiaformans Hauduroy et al.. 
Diet. d. Bact.' Path., 1937, 62; Prdvot, 
he. cit., 299.) From a tonsil. For a 
description of this species, see Manual, 
5th ed., 1939, 582. 

14. Spherophorus floccoaus (Weinberg 
et al.) Prdvot. (Streptobacillua pyogenes 
floccoaus Couromont and Cade, Arch. 
Med. Exp., 12, 1900, 393; Bacillus floe- 
cosus Weinberg et al., Les Microbes 
Anadrobies, 1937, 698; not Bacillus 
floccosua Kern, Arb. bakt. Inst. Karls¬ 
ruhe, 1, Heft 4, 1896, 424; Bacteroides 
floccoaus Hauduroy et al.. Diet. d. Bact. 
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Path., 1937, 55; Pr^vot, loc. cit., 299.) 
From blood in pyemia of man. For a 
description of this species, see Manual, 
5th ed., 1939, 580. 

15. Spkerophorus influenzaejormis 
(Russ) Pr^vot. (Bacillus influenzae- 
formta Russ, Cent. f. Bakt., I Abt., 
Orig., S9, 1905, 357; Bacteroidea rusaii 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 73; Prdvot, loc, cit.^ 299.) One 
strain isolated from a perianal abscess 
and ta-o strains from purulent meningitis 
in man. Fora description of this s|>ecies, 
see Manual, 5th ed., 1939, 583. 

16. Spkerophorus caviae. See Bac- 
teroides caviae. 

Genus II. Spheroclllus Prevot. 

(hoc. cit., 297.) 

Characters as for the genus Sphero- 
phorusy but motile with peritrichous 

flagella. 

1. Spherodllua bulloaua (Distaso) Pr^- 
vot. (Bacillus bullosus Distaso, Cent, 
f. Bak't., I Abt., Orig., 68 , 1912, 443; 
Bacteroidea bullosus Castellani and ChaL 
mers, Man. Trop. Med., 3rd ed., 1919, 
960; Prdvot, loc. cil., 300.) From the 
intestinal canal. For a description of 
this species, see Manual, 5th ed., 1939, 
583. 

2. Spherodllua theiaioiaoinicron. See 
Bacteroidea tkelaiotaomicron. 

3. Spherodllua wirlhi Prevot. (Bacil¬ 
lus, Wirth, Cent. f. Bakt., I Abt., Orig., 
105, 1928, 201; Prevot, loc dt., 300.) 
From a case of acute otitis. 

Appendix III: The following addi¬ 
tional species have been found in the 
literature. 

Actinomyces pseudonecrophorus Harris 
and Brown. (Bull. Johns Hopkins Hosp., 


40, 1927, 203.) From the uterus in 
cases of puerperal infection. Probably 
should be classified near Spkerophorus 
necrophorus. For a description of this 
species, see Manual, 5th ed., 1939, 579. 

Bacillus anaerobius gracilis Lewko- 
wicz. (Arch. M^d. Exp., IS, 1901, 633.) 
From the mouths of infants. 

Badllus angulosus Gamier and Simon. 
(Presse M4d., 1909, 473.) From the 
blood of an infant with typhoid fever. 

Bacillus annul iformana Massini. 
(Ztschr. f. gesam. Exp. Med., 1913, 81.) 
From a tuberculous cavity of man. 
Pathogenic. 

Bacillus circularia major Hcurlin. 
(Bakt. Enters, d. Keimgehaltes im 
Gemtalkanale d. fiebernden Wochnerin- 
nen. Helsingfors, 1910, 168.) From the 
genital canal. Anaerobic. Gram-nega¬ 
tive. 

Bacillus limitans Heurlin. (Ibid., 
165.) From the genital canal. Anaero¬ 
bic. Gram-negative. 

Bacillus nebulosua Halid. (Halid, 
Thdse dc Paris, 1898; not Bacillus nebu- 
losus Vincent, .\nn. Inst. Past., 81, 1907, 
69 ) From the human vagina. 

Bacillus stellatus V'^incent. (Vincent, 
.\nn. Inst. Pa.st., 81, 1907, 62; not Bacil¬ 
lus stellatus (’hester, Man. Detcrm. 
Bact., 1901, 274.) From water. 

Bacillus symbiophilcs Shottmuller. 
(Leitfaden f. d. klin. bakt. Kultur.. 
Berlin, 1923.) From the blood in a case 
of puerperal fever. 

Bacterium albarrani Jungano. (C>>mpt. 
rend. Soc. Biol., Paris, 63, 1907, 302.) 
From a case of cystitis. 

Bacterium minutissimum I.e Blayc 
and Guggenheim. (Cocco-bacillus minu¬ 
tissimum gazogenes Jacobson, Ann. Inst. 
Past., 88, 1908,300; Le Blayeand Guggen¬ 
heim, Manuel Pratique de Diagnostic 
Bact., Viget Frdres, 1914.) From in¬ 
testines of infants. 

Bacteroidea splenomegaliae (Pinoy) 
Hauduroy et al. (Synbacterium spleno¬ 
megaliae Pinoy, Compt. rend. Acad. Sci., 
Paris, 188, 1026, 1429; Hauduroy et al., 
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Diet. d. Bact. Path., 1937, 76.) From StreptobacilluB gracilU Guillemot and 
caaeeof splenomegaly in Algeria. Patho- Hall4. (Guillemot and Hall6, Arch, 
genic. M6d. Exp. et Anat. Path., 16, 1904, 698; 

Pasteurella anaerobiontica Levinthal. Bacteroidea streptobacilliformia Haudu- 
(Cent. f. Bakt., I Abt., Grig., 106, 1928, roy et al.. Diet. d. Bact. Path., 1937,76.) 
196.) From the naso pharynx of man. From putrid pleuriiies. 

Genua //. Fusohacterium Knorr,* 

(Knorr, Cent. f. Bakt., I Abt., Orig., 87,1922,630; Fuaijormia Pr6votand FuaodUua 
Pr6vot, Ann. Inst. Past., 60, 1938, 300.) 

Gram'negative, anaerobic rods, usually with tapering ends. Usually non*motile. 
Stain with more or less distinct granules. 

The type species is Fuaobacterium plauti-vincenti Knorr. 

Key to the apeciea of genua Fusohacterium. 

I. Acid from maltose. 

A. No gas produced. 

1. Fuaobaeterium plauti-vincenti, 

B. Gas produced. 

2. Fuaobacterium biacutum. 

II. No acid from maltose. 

A. Disagreeable odor produced on cultivation. 

3. Fuaobactenum nucleaium, 

B. No odor produced. 

4. Fuaobacterium polymorphum. 


1. Fusohacterium plauti-vincenti Pr4vot (Ann. Inst. Past., 60, 1938, 286) 
Knorr. (Knorr, Cent. f. Bakt., I Abt., make a distinction between Plant's 
Orig., 89, 1923, 16; Fuaiformia plauti- bacillus {Fuaocillua plauti) and Vin- 
vincenti and Fuaiformia vincenti Haudu- cent's bacillus (Fuaiformia fuaiformii>), 
roy etal., Diet. d. Bact. Path., 1937,240.) the former being actively motile and non- 
Named for H. C. Plautand for H. Vincent pathogenic and the latter non-motile and 


who studied diseases of the respiratory 
tract. 

The relationships between this organ¬ 
ism and the following have not been 
clearly established: Fuaiformia dentium 
Hoelling, Arch. f. Protistenkunde, 19, 
1910, 240; BaciUua fuaiformia Veillon 
and Zuber, Arch, de m6d. exp6r., 10 , 
1898, 617 (Corynebaclerium fuaiforme 
Lehmann and Neumann, Bakt. Diag., 
4 Aufi., M, 1907, 629); not BaciUua fuai¬ 
formia Gottheil, Cent. f. Bakt., II Abt., 
7, 1901, 724; Fuaiformia fuaiformia 

Topley and Wilson, Princip. of Bact. 
and Immun., 1st ed., 1, 1931, 300. 

Weinberg, Nativelle and Pr^vot (Les 
Microbes Anadrobics, 1937, 804) and 


pathogenic. 

Rods: 0.5 to 1.0 by 8 to 16 microns, 
occurring in pairs with blunt ends to¬ 
gether and outer ends pointed, sometimes 
in short, curved chains or long spirillum- 
like threads. Granules present. Non- 
motile . Gram-negative. 

Serum agar shake culture: After 36 
hours, colonies spherical, up to 0.5 mm 
in diameter, thin, yellowish-brown. 

Serum agar plate: Matted growth. 
Medium around colonies becomes turbid 
from the precipitation of protein. No 
surface growth. 

Serum broth: Milky turbidity. 

Liver broth: No tu4>idity. Grayish- 
white, flaky precipitate^__ 


« hy Pmf ■ Robert S. Breed. Kew York SUte Experiment Station, CSeneva, 

New York, Deoember, 1938; learramed, December, 1945. 
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Indole not formed. 

Acid from glucose, fructose, sucrose, 
maltose and sometimes from lactose. 
No acid from inulin or mannitol. (Hine 
and Berry, Jour. Bact., $4, 1937, 524.) 

No HfS produced. 

No odor produced. 

No gas formed. 

Non-pathogenic for white mice (Hau- 
duroy et al., loc, cit.). 

Temperature relations: Optimum 35^ 
to 37®C. Minimum 30®C. (Hauduroy 
etal., loc, eiL) 

Optimum pH 6.8 to 8.0 (Hauduroy et 
al., loc. cit.). 

Anaerobe. 

Source: Two strains isolated from 
deposit on teeth. 

Habitat: Presumably the buccal cavity. 

2. Fusobacterlum biacutum Weinberg 
and Pr^vot. (Weinberg and Pr^vot, 
Compt. rend. Soc. Biol., Paris, 95, 1926, 
519; Ftisiformis biaculus Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 238.) From 
Latin, double pointed. 

Rods: 0.4 to 0.5 by 1.4 to 3.0 microns, 
with pointed ends, occurring singly, in 
pairs or sometimes in short chains. Non- 
motile. Gram-negative. 

Gelatin: No liquefaction. 

Veillon’s agar: Rapid growth. Colo¬ 
nies lens-shaped. Gas is produced which 
breaks up the medium. 

Plain broth: Poor grow'th. 

Glucose broth: Turbid. Medium 
rapidly acidified. Good growth. 

Indole not formed. 

Milk: Acid and coagulation in 2 to 8 
days. Curd not digested. 

Casein and coagulated egg-white not 
digested. 

Neutral red reduced. 

Acid from glucose, fructose, galactose, 
maltose and lactose. 

Small amount of HsS produced. 

Does not require blood serum for 
growth. 

Pathogenic for guinea pigs. 

Killed in 60 minutes at 60*C. 


Anaerobic. 

Source: Six strains isolated from a case 
of appendicitis. 

Habitat: Unknown. 

3. Fusobacterlum nucleatum Knorr. 
(Knorr, Cent. f. Bakt., I Abt., Orig., 
89, 1923,17; Fuaiformis nucleatus Bergey 
et al., Manual, 3rd ed., 1930, 514.) Lat¬ 
inized, nucleated. 

Rods: 1.0 by 4.0 microns, spindle- 
shaped, occurring singly. One or two 
granules present. Non-motile. Gram¬ 
negative. 

Serum agar plate: Deep colonies lens¬ 
shaped with offshoots. 

Plain liver broth: No growth.. 

Liver broth with serum: After 1 to 3 
days, flocculent deposit on the pieces 
of liver. 

Indole not formed (Knorr, loc. cit.). 
Indole formed (Hine and Berry, Jour. 
Bact., 3^ 1937, 521). 

Disagreeable odor produced on cul¬ 
tivation. 

No gas produced. 

Acid from glucose, usually from fruc¬ 
tose, sometimes from sucrose and lactose. 
No acid from maltose, inulin or mannitol. 
(Hine and Berry, loc. cit.) 

No HjS formed. 

Temperature relations: Optimum 35® 
to 37°C. Minimum ;i0°C. (Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 239.) 
Survives 56®C for 15 minutes, but not 
60®C for 10 minutes (Hine and Berry, 
loc. cit.). 

Optimum pH 6.8 to 8.2 (Hauduroy el 
al., loc. cit.). 

Anaerobe. 

Source: One strain isolated from de¬ 
posit on teeth in a healthy mouth. 

Habitat: Presumably the buccal cavity. 

4. Fusobacterlum polymo'rphum Knorr. 
(Knorr, Cent. f. Bakt., I Abt., Orig., 89, 
1923, 19; Fuaiformis polymorphua Bergey 
etal.. Manual, 3rd ed., 1930,515.) From 
Greek, assuming many forms. 

Rods: 0.2 to 0.5 by 8 to 16 microns, 
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occurring in pairs with the pointed ends 
adjoining. Often occurring in threads. 
Non-motile. Gram-negative. 

Serum agar plates (alkaline): After 2 
to 3 days, colonies 0.5 mm or larger, lens¬ 
shaped with offshoots. 

Tenacious sediment in liquid media. 
Indole not formed (Knorr, foe. ciL). 
Indole formed (Hine and Berry, Jour. 
Bact., SI 1937, 622). 

No gas produced. 

No odor produced. 

Acid usually produced from glucose, 
fructose, and sucrose. No acid from 
lactose, maltose, inulin or mannitol. 
(Hine and Berry, loc- cit.) 

No HiS produced. 

Temperature relations: Optimum 35® 
to 37®C. Minimum 30®C. (Hauduroy 
et al., Diet. d. Bact. Path., 1937, 242.) 
Survives 60®C for 15 minutes, 52®C for 
10 minutes and 56®C for 5 minutes (Hine 
and Berry, loc. cil., 523). 

Optimum pH 7.0 to 8.2 (Hauduroy 
et al., loc. cii.). 

Anaerobe. 

Source: One strain isolatca from de¬ 
posit on teeth in a case of gingivitis. 
Habitat: Presumably the buccal cavity. 

Appendix I: The following species are 
mentioned here because they appear to 
be related to the organisms in the genus 
Fusobacterium : 

Bacillus hastilis Seitz. (Ztschr. f. 
Hyg., SO, 1899 ,47 ; Mycobacterium hastilis 
Chester, Man. Determ. Bact., 1901,356.) 
A collective name for the organisms 
frequently found in stinking pus and in 
tonsillar pockets in both healthy and 
diseased mouths. 

Fusocillus shmamini Pr^vot. (Ann. 
Inst. Past., 60, 1938, 300.) Feebly 

motile. . . 

Fusiformis acnes, Fusiformis hodgkin% 
and Fusiformis typhuexantkemaiici 
(Plots) of Holland (Jour. Bact., 5, 1920, 


223) are names presumably intended for 
bacteria more properly placed in the 
genus Corynehacterium. 

Fusiformis muris Hoelling. (Arch. f. 
Protistenkunde, 1$, 1910, 289.) From 
the blind gut of a mouse. Stated by the 
author to be similar to Fusiformis termi- 
tidis Hoelling. 

Fusiformis necrophorus Topley and 
Wilson. See Spherophorus necrophorus 
Pr5vot, page 678. 

Fusiformis nodosus Beveridge. (Bev¬ 
eridge, Austral. Council Sci. and Indus. 
Res. Bui. 140, 1941, 56 pp.; Aciirm%yoss 
nodosus Hagan, The Infectious Dis¬ 
eases of Domestic Animals. Ithaca, 
New York, 1943, 312.) Considered the 
primary cause of footrot of sheep. Also 
see Spirochaeta penortha. 

Appendix II: Because of the preferable 
form of the name and also because it is 
questionable whether the anaerobic fusi¬ 
form bacteria of the mouth closely re¬ 
semble the more or less aerobic bacteria 
found in termites, the genus name Fuso- 
bacterium Knorr has been used for the 
mouth organisms. The termite organ¬ 
isms live in the intestinal tract bathed 
in digested wood and have the* micro¬ 
scopic appearance of the cellulose- 
destroying Cytophaga Winogradsky. 
These are shown by Stanier fJour. Bact., 
40 , 1940, 619) to belong to MyxobacU- 
riales. 

The organisms placed in Fusiformis 
Hoelling are as follows: 

Fusiformis hilli Duboscq and Grasse. 
(Arch. Zool. Exp4r. et Gdn., 66, 1927, 
454 and 486.) Found as an ectoparasite 
on flagellates Descovina spp. which live 
in the rectum of termites {CaloUrmes 
{Qlyptotermes) iridipennis), 

Fusiformis termitidis Hoelling. (Arch, 
f. Protistenkunde, 19, 1910, 239.) From 
the intestinal tract of termites. 
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TRIBE IV. HEMOPRILEAE WINSLOW ET AL. 

(Jour. Bact., S, 1920, 212.) 

Minute parasitic forms growing on first isolation only in \he presence of hemoglobin, 
ascitic fluid or other lx)dy fluids, or in the presence of certain growth accessory sub¬ 
stances found in sterile, unheated plant tissue (potato). Motile or non>motile. Com¬ 
monly found in the mucosa of respiratory tract or conjunctiva. 

Key to the genera of tribe Hemophileae. 

L Aerobes to facultative anaerob..'8. 

A. Non-motile. 

1. Predominantly occurring singly. 

Genus I. Hemophilus^ p. 584. 

2. Predominantly occurring as diplobacilli. 

Genus II. Moraxella, p. 590. 

B. Motile, encapsulated. 

Genus III. Nogtichia, p. 592. 

II. Anaerobes. 

A. Non-motile. 

Genus IV. Dialister, p. 594. 

Gemis /. Hemophilus Winslow et al.* 

(Jour. Bact., 2, 1917, 561.) From Greek, loving blood. 

Minute rod-shaped cells, sometimes thread-forming and pleomorphic. Non-motile. 
Gram-negative. Strict parasites growing best (or only) in the presence of herao- 
globinand in general requiring blood scrum, ascitic fluid, or certain gr<'‘wth accessory 
substances. 

The type species is Hemophilus influenzae (Ix;hmannand Neumann) Winslow etal. 

Key to the species of gemis Hemophilus. 

I. Affecting the respiratory tract. 

1. Require both V and X growth factors for growth. 

1. Hemophilus influenzae, 

2. Hemophilus suis, 

3. Hemophilus hemolyticus, 

2. V growth factor sufficient for growth. 

4. Hemophilus parainfluenzae, 

5. Hemophilus pertussis. 

II. Affecting the genital region. 

3. X growth factor sufficient for growth. 

6. Hemophilus ducreyi. 

7. Hemophilus haemoglobinophilus. 


* Revised by Dr. Margaret Pittman, National Institute of Health, Bethesda, 
Maryland, October, 1945. 
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Where the relationship to growth accessory factors is known, the following table 
may serve as a key: 


Growth in peptone water containing 


Species 

Growth factor 
X 

-*- 

Phospho- 
pyridine nu* 
cleotide (V) 

Growth factors 
XandV 

Hemophilus influenzae . 

_ 

_ 

+ 

Hemophilus suis . 

— 

— 

+ 

Hemophilus hemolyticus.. . .. 

— 


+ 

Hemophilus parainfluenzac . . ... .. 

— 

-f 

+ 

Hemophilus haemoglobinophilus . 

-f 

- 

+ 


1. Hemophilus influenzae (liehmann 
and Neumann) Winslow et al. (Koch, 
Wiener ined. Wchnschr., 55, 1883, 1550, 
Weeks, New York Med. Record, 5/, 
1887, 571; Influenzabacillus, Pfeiffer, 
Deutsche med. Wchnschr., 1892, 28; 
Ztschr. f. Hy^., /5, 1893, 357; Bacterivm 
influenzae Lehmann and Neumann, liakt. 
Diag., 1 Aufl., 5, 1896, 187; Barillus in¬ 
fluenzae Kruse, in Fliigge, Die Mikro- 
organismen, 3 Aufl., 5, 1896, 434; Bac 
teriuvi aegyptiacum Ixjhmann and 
Neumann, Bakt. Diag., 2 Aufl., 5, 1899. 
191; Hemophilus meningitidis cerehro- 
spinalis seplicemiae Cxdien, Ann. Inst. 
Past., 55, 1909, 273; Winslow ct al.. 
Jour. Bact., 5, 1917, 561; Coccobacillus 
pfeifferi Neveu-Ijemairc, Prc^cis Parasi- 
tol. Hum., 5th cd., 1921, 20; Hemophilus 
conjuncliviiidis Bergey et al.. Manual, 
1st ed., 1923, 270.) From influenza, a 
disease of the respiratory tract. 

Common name: The Koch-Weeks 
Bacillus. 

Very small rods: 0.2 to,0.3 by 0.5 to 
2.0 microns, occurring singly and in pairs, 
occasionally in short chains, and at times 
long thread forms are seen. Frequently 
show a marked tendency to bipolar stain¬ 
ing. Some strains are encapsulated. 
Non-motile. Gram-negative. 

Requires both the factors X and V for 
its growth. 

Gelatin colonies: No growth. 

Qektin stab: No growth. 


Bkx)d agar colonies: Small, circular, 
transjmrent, homogeneous, • entire. 
Satellitism with Staphylococcus. 

Blood agar slant: Thin, Aliform, trans¬ 
parent growth. 

Chocolate agar slant: Luxuriant 
growth. 

Blood broth: Slightly turbid. No 
hemolysis. 

Litmus milk, with blood: Some strains 
render it very slightly alkaline. 

Sterilized potato slant: No growth. 

. Fresh unheated sterile potato added 
to broth favors development. 

Indole is formed by some strains. 

Nitrites are produced from nitrates. 

Some strains attack none of the carbo¬ 
hydrates, while other strains attack 
various carbohydrates, provided a suit¬ 
able medium is used. Mannitol and 
lactose never fermented. 

Pathogenic. 

Aerobic, facultative. 

Optimum temperature 37®C. Maxi¬ 
mum 43°C. Minimum 26® to 27®C. 
Killed at 55®C for thirty minutes. 

Source: Isolated by Pfeiffer in cases of 
influenza. Found in conjunctiva, naso¬ 
pharynx, sputum, sinuses, cerebrospinal 
fluid, blood, and pus from joints. 

Habitat: Respiratory tract. A cause 
of acute respiratory infections, of acute 
conjunctivitis, and of purulent meningi¬ 
tis of children, rarely of adults. Re- 
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garded by Pfeiffer and others to be the 
cause of influenza. 

Note; Six types (a-f) of Hemophilus 
influenzae are recognized on the basis of 
precipitation of immune serum by cap¬ 
sular substance. Strains from cerebro¬ 
spinal fluid are usually of ty|)e b. The 
majority of the strains fi-om the respira¬ 
tory tract are not type-specific. 


2 . Hemophilus suis liauduroy ct al. 
(Hemophilus influenzae suis Lewis and 
Shopo, Jour. Exp. Med., 54, 1931, 361 
and 373; Bacterium influenzae suis 
Kobe, Cent. f. Bakt., I .Vbt., Orig., 129^ 
1933,161; Hauduruy et al.. Diet. <1. llact. 
Path., 1937, 258.) From Ditin, swine. 

Resembles Hemophilus influenzae ex¬ 
cept it is relatively inert to growth, in¬ 
dole is not formed, nitrites are produced 
from nitrates, and maltose and sucrose 
are slightly fermented but not the car¬ 
bohydrates fermented by Hemophilus 
influenzae. 

Source: From cases of swine influenzii. 

Habitat: With a filterable virus it 
causes swine influenza. 

3. Hemophilus hemolyticus liergey 
ct al. (Bacillus X, Pritchett and Still¬ 
man, Jour. E.xp. Med., 29, 1919 , 259; 
Stillman and Bourn, Jour. Exp. Med., 

1920, 665; Bergey ct al.. Manual, 1 st 
ed., 1923, 269.) From Greek, blood-dis¬ 
solving. 

Morphologically like Hemophilus in¬ 
fluenzae, X'on-niotilc. Gram-negative. 

Requires both the factors X and V for 
its growth. Valentine and Rivers (Jour. 
Exp. Med., Jfi, 1927, 093) isolated certain 
hemolytic strains which did not entirely 
agree with this. 

Blood agar colonics: Resemble Hemo¬ 
philus influenzae but surrounded by a 
zone of hemolysis. 

Blood agar slant: Thin, filiform, trans¬ 
parent growth. 

Blood broth: Turbid, showing hemol¬ 
ysis. 


Blood milk mixture: Slightly alkaline. 

Sterile unheatod potato favors de¬ 
velopment. 

Indole is formed by some strains. 

Nitrites are produced from nitrates. 

Some strains do not attack carbohy¬ 
drates, other strains ferment various 
carbohydrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Habitat: Found in upper respiratory 
tract of man. Noii-pathogenic. 

4. Hemophilus parainfluenzae Rivers. 
(Johns Hopkins Hosp. Bull., JJ, 1922, 
429.) From Latin, like, and the disease, 
influenza. 

Morphologically like Hemophilus in¬ 
fluenza Non-motilc': Gram-negative. 

Requires the V factor for it.s growth. 

Blood agar colonics: Resemble Hemo¬ 
philus influenzae. No hemolysis. 

B1<h)( 1 agar slant: Thin filiform trans¬ 
plant. 

Broth containing 3 east extract: Floc- 
cular sediment. 

Indole i.s formcil by some strains from 
cat. 

Nitrite.^ are produced from nitrates. 

Some strains attack none of the carlx)- 
hydrates; other strains ferment various 
carboliydratcs. 

Aerobic, facultative 

Optimum temperature 37®C\ 

Habitat: Found in upper respiratory 
tract of man and cat. Usually non- 
{mthogenic. 

5. Hemophilus pertussis Holland. 
(Microbe dc cociueluche, Bordet and 
Gengou, .Vnn. Inst. Past., 20, 1900, 
731; Holland, Jour. Bact., 5, 1920, 219; 
Bacillus perlussi'i Holland, idem; Bac¬ 
terium tussis convulsivac Ixjhmann and 
Neumann, Bakt. Diag., 7 Aufl., 2^ 1927, 
317 (Bordet and Gengou *8 organism); 
not Bacterium tussis convulsivae Leh¬ 
mann and Neumann, Bakt. Diag., 2 
Aufl., 2, 1899, 192 (Czaplewski and 
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Henscrs organism).) From I^tin, 
whooping cough. 

Short, oval rods: 0.2 to 0.3 by 1.0 mi¬ 
cron, occurring singly or sometimes in 
pairs and short chains. Show tendency 
to bipolar staining. Capsules may be 
demonstrated by special technic (Law- 
son). Non-inoiilc. Gram-negative. 

No growth on the usual laboratory 
media; adapted by repeated transfer witli 
heavy inoculum. Adaptation accompa¬ 
nied by loss of original characteristics. 

Borde.t-Gengou medium or some modi¬ 
fication containing at least 15 per cent 
blood is optimum for isolation and main¬ 
tenance. 

Colonies: Smooth, raised, entire, 
pearly, glistening. Surrounded by a 
zone of hemolysis. 

Litmus milk: (After adaptation) 
brownish color. Alkaline. 

Indole not formed. 

Nitrites not produced from nitrates 

No action in carbohydrate media. 

Catalase positive. 

Aerobic. 

Optimum temperature 37®C. 

Serologically homogeneous when first 
isolated (Pliase I of Le.slie and Gardner). 
Dissociative changes, recognizable mor¬ 
phologically, culturally, antigenically, 
and by animal tests, take place when 
maintained on unfavorable media. 

Source: From respiratory tract in cases 
of w'h(x>ping cough, especially by the 
cough plate method. 

Habitat: Etiologically associated with 
whooping cough. 

Note: Bacillus para-perlussts Elder- 
ing and Kendrick. (Jour. Bact., S6, 
1938, 661.) From cases of whooping- 
cough. Closely related antigenically to 
Hemophilus pertussis and Brucella bran- 
chiseptica, but distinct from either. 

6. Hemophilus ducreyi (Neveu- 
Lemairc) Bcrgey et al. (Ducrey, Cong, 
internat. do dermatol. et syph., Compt. 
rend., Paris, 1800, 229; Monatshft. £. 


prakt. Dermatol., 9, 1889, 387; Riforma 
med., 6y 1889, 98; Monatshft. f. prakt. 
Dermatol., 21 ^ No. 2; Streptobacillus of 
soft chancre, Duc’/y, Abstract in Cent, 
f. Bakt., I Abt., 18,. 1895, 290; BaciUus 
ulceris cancrosi Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 456; 
Bacterium ulceris cancrosi Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., P, 1897, 
67; Bacterium cancrosi Chester, Manual 
Determ. Bact., 1901, 120; Coccobacillus 
ducreyi Neveu-Lemaire, Pr^^cis Parasitol. 
Hum., 6tj^ ed., 1921, 20; Bergey et al.. 
Manual, Ist ed., 1923, 271.) Named for 
Ducrey who first isolated the organism. 

Small rods: 0.5 by 1.5 to 2.0 microns, 
with rounded ends, occurring singly and 
in short chains. Non-motile. Gram- 
negative 

Require^ the X factor for its growth. 

Gelatin colonies :^No growth. 

Gelatin stab: No growth. 

Blood agar colonies: Small, grayish, 
glistening, showing a slight zone of hemol¬ 
ysis around the colony in three or four 
days. 

Best growth is obtained on clotted rab¬ 
bit, sheep, or human blood heated to 
55^C for 15 minutes, and in casein digest 
agar containing blood. Moisture is im¬ 
portant for growth. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Habitat: The cause of soft chancre 
(chancroid). 

7. Hemophilus haemoglobinophilus 
(Lehmann and Neumann) Murray. 
(Bacillus haemoglobinophilus cants 
Friedberger, Cent. f. Bakt., I Abt., 
Orig., 53, 1903, 401; Bacterium haemoglo¬ 
binophilus Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907, 270; Hemophilus 
canis Rivers, Johns Hopkins Bull., 55, 
1922,149; Jour. Bact., 7,1922, 679; Mur¬ 
ray, in Manual, 5th ed., 1939, 309.) 
From Greek, hemoglobin-loving. 

Small rods: 0.2 to 0.3 by 0.5 to 2.0 
microns, occurring singly, in pairs and 
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short chains. Non-motile. Gram¬ 
negative. 

Requires the X factor for its growth. 

Blood agar colonies; Small, clear, trans- 
parenty entire. Old colonies become 
opaque. 

Blood broth: Turbid. 

Blood milk mixture: Doubtful de¬ 
velopment. 

Indole is formed. 

Nitrites produced from nitrates. 

Acid but no gas from glucose, fructose, 
galactose, mannitol, sucrose and xylose. 
No acid from maltose, lactose dextrin, 
arabinose or glycerol. (Rivers, 2oc. ctL) 

Optimum temperature 37®C. 

Aerobic, facultative. 

Habitat: Occurs in large numbers in 
preputial secretions of dogs. 

Appendix I The following species has 
been placed in the tribe Hemopkileae 
by Van Rooyen (Jour. Path, and Bact., 
J5, 1936, 460). It has been pointed out 
by Buchanan (General Systematic Bac¬ 
teriology, 1925, 490) that the genus name 
SireptobaciUus is invalid. 

Streptobacillos moniliformis Levaditi, 
Nioolau and Poincloux. (Compt. rend. 
Acad. Sci., Paris, ISO, 1925, 11^.) 

This organism is regarded as identical 
with HaverhiUia multiformis Parker 
and Hudson (Amer. Jour. Path., F, 1926, 
357) by Van Rooyen (loc, cit.). Topley 
and Wilson (Princip. Bact. and Immun., 
2nd ed., 1936, 270) regard it as identical 
with their Actinomyces muris {Strepto- 
thrix raiti Schottmtlller), the cause of 
rat-bite fever. Asterococcus muris Heil¬ 
man, Jour. Inf. Dis., 69, 1941, 32. See 
Actinomyces muris ratti in the Appendix 
to the genus Streptomyces, Jordan and 
Burrows (Textb. of Bact., 14th ed., 1946, 
614) consider all these names synony¬ 
mous. Dawson and Hobby (Proceed¬ 
ings, Third Intemat. Congr. for Micro¬ 


biol., New York, 1940, Section I, 177) 
suggest that the pleuropneumonia-like 
cultures isolated from SireptobaciUus 
moniliformis really represent variant 
phases in the growth of this organism. 

Description from Levaditi et al. (loc. 
ciL) and Brown and Nunemaker (Bull. 
Johns Hopkins Hosp., 70, 1942, 201). 

Streptobacilli: 2.0 to 3.0 microns in 
length, pleomorphic, with branching 
filaments up to 30 to 40 microns long, 
fragmented, bacillary and coccobacillary 
forms. Swollen and club-shaped cells 
are found. Morphology is best demon¬ 
strated by aniline dyes, e.g. Wayson's 
plague stain. Non-motile. Gram-nega¬ 
tive. 

Enriched media are required for good 
growth. Best liquid media are rabbit 
blood and broth containing serum or 
ascitic fluid. Best solid media are 
glycerol extract of potato-infusion 
broth-egg yolk medium and nutrient 
agar containing serum. 

Blood agar or ascitic serum agar: Col¬ 
onies small, clear. 

Blood plates: Growth slow. Numer¬ 
ous small whitish colonies appear on the 
third day. 

Veillon’s medium: Punctiform col¬ 
onies, abundant in depth, less growth at 
surface. No gas. 

Broth with ascitic fluid and globular 
extract: Good growth, forming clots 
which precipitate and are rather adherent 
to one another. Growth rapidly re¬ 
duces the pH of the medium killing the 
bacteria in cultures 24 hrs. old. 

Milk: Slow growth. No coagulation. 

LofSer’s serum: Poor growth. 

Virulent for rabbits and mice. 

Good growth at 37®C. 

Facultative anaerobe. Grows better 
under anaerobic concHtions in the pres¬ 
ence of added COt, than in the presence 
of air. 

Source: Isolated from a case of a febrile, 


* Appendixes I and II arranged by Prof. E. G. D. Murray, McGill Univ., Montreal» 
P. Q., Canada, March, 1946. 
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septicemic disease, accompanied by ar¬ 
thritis, erythema and angina. 

Habitat: The cause of an acute febrile 
distose sometimes called erythema mul¬ 
tiforme. 

Appendix II: The following species 
may be identical with some of those 
listed above or related to them: 

BcLcillus marianenais I-eber and Pro- 
wazek. (Berlin, klin. Wochnschr., i, 
1911, 27.) Allied to the Koch-Weeks 
liacillus. Associated with cases of pink 
eye. 

Bacillus weekai Neveu-I^maire 
(Precis Parasitol. Hum., 5th ed., Py21, 
24.) Described by Weeks. The cause 
of trachoma or granular conjunctivitis in 
tmpical countries. Transmitted by the 
domestic fly. Prcjliahly intended for the 
Week’s bacillus (Weeks, New York Med. 
Record. 31, 1887, 571). 

Bacterium tusaia convulaivae Lehmann 
and Neumann. (Bacterium, Czaplew’ski 
and Hensel, Deut. med. Wochnschr, 
23, 1897, 587; l^hmann and Neumann, 
Bakt. Diag., 2 Aufl., 2, 1899, 192; not 
Bacterium tusaia amvulatvae I^chmann 
and Neumann, ibid., 7 Aufl., 2, 1927, 
317; Bacillus tusaia convulaivae Leh¬ 
mann and Neumann, ibid., 4 Aufl., 2, 
1907, 269.) Considered the cause of 
whooping cough by the original isolators. 

Hemophilus aphrophilua Khairat. 
(Jour. Path, and Bact., 50, 1940, 497.) 
Fn)m blood and from heart valve of a case 
of endocarditis. 

Hemophilus cuniculi llauduroy et al. 
{Hemophilus ap. Gibbons, Jour. Inf. Dis., 
45, 1929, 288; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 249.) Fmm skin 
abscesses of rabbits. 

Hemophilus gallinarum Delaplane, Er¬ 
win and Stuart and Hemophilus galli¬ 
narum Eliot and Lewis. (Bacillus hemo- 
glohinophilua coryiae gallinarum De 
Blieck, Tijdsch. v. Diergeneensk., 68, 
’931, 310; also see Vet. Jour., 88, 1932, 9; 


Delaplane, Erwin and' Stuart, R. I. 
State Coll. Sta. Bull. 244, May, 1984; 
Eliot and Lewis, Jour. Amer. Vet. Med. 
Assoc., 84, 1934, 878.) From edematous 
fluid from the head of a chicken. The 
cause of an infectious rhinitis in chickens. 

Hemophilus influenzae murium 
(Kairies and Schwartzer) Lwoff. (Bac¬ 
terium influenzae murium Kairies and 
Schwartzer, Cent. f. Bakt., I Abt., Orig., 
137, 1936, 351; Lwoflf, Ann. Inst. Past., 
62, 1939,168.) From the lung of a mouse. 

Hemophilus meningitidis (Martins) 
Hauduroy et al. (Coccobacillus menin¬ 
gitidis Martins, Compt. rend. Soc. Biol., 
Paris, 99, 1928, 955; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 254.) Re¬ 
sembles Hemophilus influenzae except 
that it shows sluggish motility. From 
cerebro-spinal fluid. 

Hemophilus muria Hauduroy et al. 
(Bacillus of an epizootic of stock mice, 
Mackie, Van Rooyne and Gilroy, Brit. 
Jour. Exp. Path., 14, 1933, 132; Haudu¬ 
roy et al.. Diet. d. Bact. Path., 1937, 
255.) From heart blood, spleen and other 
organs of mice dying from an epizootic 
disease. 

Hemophilus ovis Mitchell. (Jour. 
Amer. Vet. Kssoq., 68, 1925, 8.) From 
bronchi of sheep. 

Hemophilus pertussis Ford. {Bacillus 
pertussis eppendorf Jochmann and 
Krause, Ztschr. f. Hyg., 36, 1901, 193; 
Ford, Textb. of Bact., 1927, 615; not 
necessarily identical wdth Bordet and 
Gengou’s organism, Hemophilus pertussis 
Holland, Jour. Bact., 6, 1920,215.) From 
the respiratory tract and lungs in per¬ 
tussis. 

Hemophilus putoriorum Hauduroy et 
al. {Bacterium influenzae putoriorum 
multiforme Kairies, Ztschr. f. Hyg., 117, 
1935, 12; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 258.) From the respiratory 
tract of ferrets. 

Lehmann and Neumann (Bakt. Diag., 
6 Aufl., 2, 1920, and 7 Aufl., 2, 1927) list 
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the following species as closely related 
to this group: 

Bacillus catarrkalis JundeW. (Hygieae, 
60, No. 6 and 7, p. 667.) From cases of 
acute bronchitis. 

Bacillus trachomatis J^ehmann and 
Neumann. (The Bacillus Mlkller, Luers- 
sen, Cent. f. Bakt., I Abt., Orig., S9, 
1905, 682.) From conjunctiva. 

Bacterium czaplewskii Chester. (Ba¬ 
cillus bei Keuchlmsten, Czaplewski, 
Cent. f. Bakt., 22, 1807, 641; Bacterium 
tussis convulsivae Lehmann and Neu¬ 
mann, Bact. Diug., 2 Aufl,, 1899, 192; 
Chestor, Man. Determ. Bact., 1901, 
153.) From sputum in whooping cough. 
This is not now regarded as being ctiolog- 
ically associated with whooping cough. 

Bacterium exiguum Staubli. (Miinch. 


med. Wchnschr., No. 45, 1005.) From a 
case of septic endocarditis. 

Bacterium microbuiyricum Hellstein. 
From butter. 

Bacterium minutissimus sputi (Luz- 
zatto) Lehmann and Neumann. (Ba* 
cillus minutissimus sputi Luzzatto, Cent, 
f. Bakt., I Abt., 27, 1900, 816.) From a 
case of pertussis. 

Bacterium polymorphum convulsivum 
Melfi. (Cent. f. d. gesamte Hygiene, 7, 
1924, 133.) 

Bacterium septicaemias canis Paranhos. 
(Cent. f. Bakt., I Abt., Orig., 60, 1909, 
607.) 

Streptobacillus urethrae Pfeiffer. 
(Cent. f. Bakt., I Abt., Ref., S6, 1905, 
59.) From the normal urethra and from 
cases of chronic cystitis and urethritis. 


Genus II. Morazella Lwoff.* 

{Diplobacillus McNab, Klinische Monatsbl. f. Augenheilk., 42, 1904, 64; not Diplo- 
bacillus Weichselbaum, Cent. f. Bakt., 2, 1887, 212; Lwoff, Ann. Inst. Past., 62, 1939, 
168.) Named for Morax, who first isolated the type species. 

Small, short, rod-shaped cells, usually occurring singly or in pairs. Non-motile. 
Parasitic. Aerobic. Gram-negative. 

The type species is Moraxella lacunata (Eyre) Lwoff. 

Key to the species of genus Morazella. 

I. No growth in gelatin. 

1. Moraxella lacunata. 

II. Gelatin liquefied. 

A. Rapid liquefaction. No growth in milk. 

2. Moraxella liquefaciens. 

B. Very slow liquefaction. Cells capsulated. Growth in milk. 

3. Moraxella bovis. 


1. Morazella lacunata (Eyre) Lwoff. 
(Diplobacille de la conjunctivite sub- 
aigue, Morax, Ann. Inst. Past., 10, 1896, 
337; Diplobacillus of chronic conjunctivi¬ 
tis, Axenfeld, Cent. f. Bakt., I Abt., 21, 
1897,1; Bacterium conjunctivitis Chester, 
Ann. Rept. Del. Col. Agr. E.xp. Sta., 9, 
1897, 85; Bacillus lacunatus Eyre, Jour. 
Path, and Bact., 6, 1899, 1; not Bacillus 


lacunatus Wright, Memoirs Nat. Acad. 
Sci., 7, 1895, 435; Diplobacillus morax- 
axenfeld McNab, Klinische Monatsbl. f. 
Augenheilk., 4^, 1994 , 64; Bacterium 
duplex Lehmann and Neumann, Bakt. 
Diag., 2 Aufl., 2, 1899, 193; Hemophilus 
lacunatus Holland, Jour. Bact., 6, 1920, 
223; Bacillus duplex Hewlett, Med. Res. 
Council Syst, of Bact., 2, 1929, 417; 


* Arranged by Prof. £. G. D. Murray, McGill University, Montreal, P. Q., Canada, 
September, 1945. 
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LwofT, Ann. Inst. Past., 62j 1939, 173; 
Hemophilus duplex Murray, in Manual, 
6th ed., 1939, 308.) Prom Latin, pitted. 

Audureau (Ann. Inst. Past,, 64, 1940, 
128) recognizes an atypical variety of 
this species. To distinguish between 
the two varieties, she designates these 
as Moraxella lacunala var. typica and 
Moraxella lacunata var. atypira. 

Short rods: 0.4 to 0.5 by 2.0 microns, 
occurring singly and in pairs and short 
chains. Ends rounded or square in the 
chains. Non-motile. Gram-negative. 

Gelatin colonies: No growth. 

Gelatin stab: No growth. 

Blood agar colonies: Small, circular, 
transparent, entire. Growth on sub¬ 
culture difficult. Certain strains are 
not surrounded by zones of hemolysis; 
others are (Oag, Jour. Path, and Bact , 
64, 1942, 128). 

Serum agar colonies: Delicate, grayish. 

Ldffler’s blood serum: Slow but definite 
liquefaction (pitting) around the 
colonies. 

Ascitic broth: Turbid with slight, 
grayish sediment. 

Blood milk mixture: Doubtful de¬ 
velopment. 

Litmus milk: Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Various carbohydrates and mannitol 
are attacked. 

Optimum temperature 37®C. 

Aerobic, facultative. 

Source: From conjunctiva. 

Habitat: The cause of subacute in¬ 
fectious conjunctivitis, or angular con¬ 
junctivitis. 

2. Moraxella llquefaclens (McNab) 
comb, nov, (Diplo^cille liqu^fiant, Pet¬ 
tit, Annales d'oeulistique, March, 1899, 
166 and Thesis, Paris, 1900, 223; Diplo- 
bacillus liquefaciens McNab, Klinische 
Monatsbl. f. Augenheilk., 4^, 1904, 64; 
Bacillus duplex liquefaciens Lwoff, Ann. 
Inst. Past., ee, 1939, 170; Moraxella 


duplex liquefaciens Lwoff, ibid., 171; 
Moraxella duplex Lwoff, ibid,, 171; 
Moraxella duplex var. liquefaciens Audu¬ 
reau, Ann. Inst. Past., 64, 1940, 139.) 
From Latin, liquefying/ 

Diplobaciili: 1.0 to 1.5 by 2.0 microns, 
occurring singly and in pairs, and having 
rounded ends. Capsules not demon¬ 
strated. Non-motile. Stain uniformly 
with basic aniline dyes. Gram-negative. 

Gelatin colonies: Round, 1.5 to 2.0 
mm in diameter, yellowish-white. 

Gelatin stab: Rapid liquefaction. 

Blood agar: Ready growth in primary 
and subculture. 

Ascitic agar colonies: Grayish, thick, 
round, viscous. 

Peptone agar colonies: Same as above, 
but less abundant growth. 

Coagulated serum: Liquefaction in 3 
to 4 days; eventually complete. 

Plain broth: Poor growth, if any. 
Slight unitonn turbidity. 

/Vscitic broth: Abundant growth in 24 
hours at 35®C. Uniform turbidity. 
Later sediment and an opaque pellicle. 

Milk: No growth. No coagulation. 

Potato: Slight, yellowish-white, vis¬ 
cous growth. 

Optimum temperature between 20° 
and 37°C. Killed at 55°C for 15 minutes. 

Aerobic. 

Not pathogenic for laboratory animals. 

Source: From cases of conjunctivitis 
associated with corneal ulceration in 
man. 

Habitat: Conjunctivitis in man so far 
as known. 

3. Moraxella bovis (Hauduroy et al.) 
comb. nov. (Diplobacillus, Allen, Jour. 
Amer. Vet. Med. Assn., 64, 1918, 307; 
Diplobacillus, Jones and Little, Jour. 
Exp. Med., 88, 1923, 139; Hemophilus 
bovis Hauduroy et al., Diet. d. Bact. 
Path., 1937, 247; Moraxella duplex des 
Bovid4s, Lwoff, Ann. Inst. Past., 68, 
1939, 174; Hemophilus rvminaniium 
Reid and Anigstein, Texas Reports on 
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Biol, and Med., 5, 11)45, 187.) Fnini 
Latin hovis, of the ox. 

Short, plump rode: 0.5 by 1.5 to 2.0 
microns, usually occurring in pairs and 
short chains, with rounded ends. ()ap- 
sulated. Non-inotile. Gram-negative. 

Gelatin: Slow growth at 22®C. Very 
slow liquefaction. 

Blood agar colonies: After 24 hours, 
round, translucent, grayish-white, sur¬ 
rounded by A narrow, clear zone of heni- 
ol3r8i8. Deep colonics tiny with a clear 
hemolytic zone, usually 1.5 niin in diam¬ 
eter. After 48 hours, surface c<ilonic8 
somewhat flattened, 3.5 to 4 mm in 
diameter; deep colonies ellipsoidal and 
biconvex with hemolytic area of 2.5 to 
3 mm in diameter. 

Blood agar slants: After 24 hours at 
38®C, heavy, viscid, grayish-while 
growth. 

Coagulated serum liquelied. 

Broth: Slow growth. Slight turbidity. 
Considerable sediment. 

Litmus milk: Alkaline. Partial co¬ 
agulation. 

Indole not produced. 

Potato: No growth. 

No acid from glucose or other carbo¬ 
hydrates. 

Not pathogenic for laboratory animals. 

Killed at 58** to 59*C in five minutes. 

Aerobic. 

Source: From cases of acute ophthalmia 
(pink eye) of cattle. 


Habitat: In the exudate from cases of 
acute ophthalmia of cattle. The prob¬ 
able cause of liovine infectious keratitis 
(Baldwin, Amer. Jour. Vet Bes., 5, 
1945, 180). 

Appendix: Other s|)ecies placed in the 
genus Moraxeila are as follows: 

Moraxella josephi Lwoff. {Bacillus 
duplex josephi Scarlett, .\niailes (POcu- 
liatique, I6S, 1916, 100 and 485; Lwoflf, 
Ann. In.st. Past 02, 1039, 171; Moraxella 
duplex josepht Lwoff, ibid., 174; Bacillun 
josephi .Vudurcau, Ann. Inst. Past., 64, 
1940,126.) Or:ini-(x>8itivo Pathogenic. 
From the conjunctiva of man. 

Moraxella Iwoffi .\udureau. (Ann. 
Inst. Past., 6*4, 1940, 150.) Two varie¬ 
ties are recognized: var. bacteroides and 
var. brevts. From various ty|)eB of 
conjunctivitis in man. 

Moraxella non liquefacicnx Lwoff. 
{Bacterium duplex-nonliquefaciena Oli¬ 
ver and Wherry, Jour. Inf. Dis., 

1921, 342; Bacillus duplex nondique- 
faciens Hewlett, Mc<l. Hes. Council 
8yst. of Pact., 2, 1929, 418; LwotT, Ann. 
Inst. Past., 02, 1939, 171; Moraxella 
duplex non liquefactens Lwoff, ibid., 
174; Bacillus duplex non liquefaciens 
Audureau, Ann. Inst. Past., 64* 1940, 
126; Moraxella duplex var. non liquejn- 
ciens Audureau, ibid., 144.) From an 
ulcer of the cornea, and from bmnchial 
sputum in nutn. 


Genus III. Noguchis OliUky, Syverton and Tyler,* 

(Jour. Exp. Med., 60, 1934, 382.) Named for Noguchi, the bacteriologist who iso¬ 
lated the type species. 

Small, slender. Gram-negative rods present in the conjunctiva of man and animals 
affected by a follicular type of disease; mucoid type of growth which on hrst isolation 
takes place with some difficulty in ordinary media; motile, flagellated, and encap¬ 
sulated; aerobic and facultative anaerobic; optimum temperature for growth 28** to 

ao*c. 

The type species is Noguchia granulosis (Noguchi) Olitsky, Syverton and Tyler. 


Key to the species of genus Nofuchis. 

I. Aeid from carbohydrates. 

A. Acid from raffinose, maltose and salicin. 

1. Noguchia granulosis. 


* Anmnged by Prof. C. D. Kelly, McGill University, Montreal, October, 1938. 
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B. No acid from raftinose, maltose and 
II. No acid from carbohydrates. 


1. Noguchia granulosis (Noguchi) 
Olitsky et al. {Bacterium granuloeia 
Noguchi, Jour. Exp. Med., 4S, Supp. 2, 
1928, 21; Olitsky, Syverton and Tyler, 
Jour. Exp. Med., dO, 1934, 382.) From 
Latin, granular. 

Rods: 0.25 to 0.3 by 0.8 to 1.2 microns, 
motile by means of a single flagellum, 
usually ix)lar. Pleomorphic. Gram-neg¬ 
ative. 

No growth on plain agar or broth. 

Blood agar plate: Minute round col¬ 
onies, shiny, somewhat raised, almost 
transparent or .slightly grayish in 48 
hours. I.4iter the colonies increase in 
size, are grayish opalescent and some¬ 
what sticky. Old colonies have a brown¬ 
ish or yellowish tint. 

Semi-solid Leptospira medium: Gray¬ 
ish-white, diffuse growth, forming a 
delicate zone 1 cm deep. 

Liquid Leptospira medium: Diffuse, 
slightly cloudy growth, with sticky 
grayish sediment at the' bottom of the 
tube in old cultures. 

Acid from glucose, fructose, mannose, 
sucrose, galactose, maltose, salicin, 
xylose, inannitol, dextrin, arabinose, 
amygdalin and lactose. Small amount 
of acid from raffinose, inulin, rhamnose 
and trehalose. No acid from dulcitol, 
sorbitol and inositol. 

Non-pathogenic for rabbits, guinea 
pigs, rats and mice 

Optimum pll 7.8. 

Temperature relations: Optimum 16® 
to 30®C. Grows at 37°C. 

Aerol>e, facultative anaerobe. 

Distinctive characters: Action on car¬ 
bohydrates; agglutination reactions; mo¬ 
tility at 16®, none at 37®C. 

Source: From trachoma of American 
Indians at Albuquerque, New Mexico. 

Habitat: llegarded by Noguchi and 
others as a cause of trachoma in man. 


salicin. 

2. Noguchia simiae. 

3. Noguchia cuniculi. 

Produces a granular conjunctivitis in 
monkeys and apes. 

2. Noguchia simiae Olitsky et al. 
{Bacterium simiae Olitsky, Syverton 
and Tyler, Jour. Exp. Med., 57, 1933, 
875; Olitsky et al.. Jour. Exp. Med., 
60, 1934, 382.) From Latin simia, ape. 

Slender rods: 0.2 to 0.3 by 0.8 to 1.2 
microns, occurring singly, in pairs, in 
short chains or parallel arrangement of 
two or three, having pointed ends. Cap¬ 
sules are found. Actively motile by 
means of a single, rarely a double, flagel¬ 
lum, usually polar. Gram-negative. 

Gelatin plates Colonies more mucoid 
and raised than on agar. 

Gelatin stab: Arachnoid growth along 
line of inoculation. No liquefaction. 

Agar plates: Small, circular, grayish, 
translucent, smooth, convex, slightly 
raised colonics having a sticky or mucoid 
consistency. 

Blood agar plates: More highly translu^ 
cent and colorless in early growth than 
on plain agar, becoming grayish after two 
or three days. 

Agar slants: Grayish-while to white, 
moist, mucoid, raised, glistening growth. 
Growth is more profuse when blood is 
added. 

Leptospira medium: Homogeneous, 
dense growth in a 0.5 cm sharply defined 
layer, with a slight, nebulous, uniform 
opacity about 1 cm below. In three or 
four days the lower layer becomes more 
dense and in time extends to the bottom 
of the tube. 

Broth: Uniform turbidity, with a slight 
grayish sediment and no pellicle. 

Litmus milk: Unchanged. 

Potato: Light tan, spreading, abundant 
growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose, fructose, 
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mannoae, galactose, xylose, arabinose 
and rhamnose. Small amount of acid 
from dextrin. Some strains produce a 
small amount of acid from sucrose, lac¬ 
tose, inulin and mannitol. Raffinose, 
salicin, dulcitol, amygdalin, maltose, 
trehalose, sorbitol and inositol un¬ 
changed. 

Serological reactions: Rabbit anti¬ 
serum is specific for all strains and no 
cross agglutination with Noguchia gran- 

Temperature relations: Optimum 28^ 
to 30®C. Thermal death point 56®C for 
thirty minutes. 

Aerobe, facultative anaerobe. 

Distinctive characters: Action on car¬ 
bohydrates; agglutination reactions. 

Source: From inflammatory type (Type 
II) of spontaneous conjunctival follicu- 
losis in Macacu9 rhesus monkeys. 

Habitat: Causes conjunctival follicu- 
losis in Macacus rhesus monkeys. 

3. Noguchia cunlculi Olitsky, Syver- 
ton and Tyler. (Jour. Exp. Med., 60, 
1B34,382.) From Latin cuniculus, rabbit. 

Slender rods: 0.2 to 0.3 by 0.5 to 1.0 
micron with pointed ends. Capsules 
are formed of much finer texture than 
those surrounding Noguchia granulosis 
or Noguchia simiae. Actively motile 
with peritrichous flagella. Non-acid- 
fast. Pleomorphic forms sometimes 
noted. Gram -negative. 

Gelatin agar plates: Grayish, mucoid 
and confluent colonies. 

Gelatin stab: Tenuous, arborescent, 
non-spreading growth. No liquefaction. 

Agar plates: Small, spherical, translu¬ 
cent, slightly grayish, smooth, some¬ 
what convex, moist and mucoid colonies 
with entire edges. 

Blood agar plates: More profuse, more 
grayish and less translucent than on plain 

agar. 


Agar slants: Slightly grayish, translu¬ 
cent, coalescent, glistening, mucoid, 
homogeneous and non-spreading growth. 
The water of syneresis appears uniformly 
cloudy or milky depending on amount of 
growth. 

Leptospira medium: After 24 hours, a 
faint, nebulous surface growth followed 
by an ingrowing sac-like mass, with its 
base 5 mm across, lying at the center of 
the under surface and extending for 5 
mm into the medium. The area spreads 
laterally until at about two or three days 
there is a uniform, opaque, whitish 
layer about 1 cm thick which progresses 
slowly until the bottom of the tube is 
reached in about seven days. 

Broth: Uniform turbidity, without 
pellicle. 

Litmus milk: Unchanged. 

Potato: Faint, buff-colored (changing 
to brown after five days), non-spreading, 
sparse surface growth. 

Indole not produced. 

Nitrites not produced from nitrates. 

No acid or gas from glucose, fructose, 
mannose, mannitol, sucrose, raffinose, 
inulin, galactose, maltose, salicin, xylose, 
dextrin, arabinose, amygdalin, lactose, 
dulcitol, rhamnose, trehalose, sorbitol or 
inositol. 

Serological relations: Rabbit antiserum 
is specific for all strains, and no cross 
agglutination with Noguchia granulosis 
or Noguchia simiae. 

Temperature relations: Optimum 28^ 
to 30®C. Thermal death point 66®C for 
15 to 30 minutes. 

Aerobe, facultative anaerobe. 

Distinctive characters: No action on 
carbohydrates; peritrichous flagella; ag¬ 
glutination. 

Source: From spontaneous conjunctival 
folliculosis, Type II of /abbits. 

Habitat: Causes conjunctival follicu* 
losis in rabbits. 


Qenus IV. Dialister Bet gey et al.* 

(Manual, Ist ed., 1923, 271.) 

Minute rod-shaped cells, occurring singly, in pairs and short chains. Non-motile. 


^ Beariangsd by Prof. D. H. Beigey, Philadelphia, Pennsylvania, 1933. 
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Strict pftrasites. Growth occurs only under anaerobic conditions in i pedi a containing 
fresh, sterile tissue or ascitic fluid. 

The type species is Dtalister pneumosintes (Olitsky and Gates) Bergey et al. 


1. Dialister pneumosintes (Olitsky 
and Gates) Bergey et al. (Bacterium 
pneumoeintea Olitsky and Gates, Jour. 
Exp. Med., 55, 1921, 713; ibid,^ S5, 1922, 
813; Bergey et al.. Manual, 1st ed., 1923, 
271; Bacillua pneumoainiea Ford, Textb. 
of ^ct., 1927, 634.) From Greek pneu- 
mon^ lung and ainior, murderer or 
devastator. 

Very short rods: 0.15 to 0.3 (in glucose 
broth 0.5 to 1.0) micron in length, occur¬ 
ring singly and occasionally in pairs, 
short chains or masses. The ends are 
rather pointed. Non-motile. Gram- 
negative. 

Blood agar colonies: Small, clear, circu¬ 
lar, entire, translucent. 

Growth occurs in media containing 
fresh sterile rabbit kidney and ascitic 
fluid. Under strict anaerobic conditions 
good growth on rabbit blood glucose agar 
plates. 

Glucose broth in which Eacherichia 
colt or Bacillua meaeniericua (non-spore 
stage) has grown favors growth. 

Acid but no gas from glucose. Neither 
acid nor gas from maltose, lactose, 
sucrose, inulin or mannitol. 

Passes Berkefeld V and N filters. 

Optimum pH 7.4 to 7.8. No growth 
at pH 7.0 or pH 8.0. 

Optimum temperature 37 °C. Does 
not survive 56for half an hour. 

Pathogenic for rabbits and guinea pigs 

Strict anaerobe. 

Source: From filtered nasopharyngeal 
secretions from influenza patients in the 
early hours of the disease. 

Habitat: Nasopharyngeal washings of 
man. 


2. Dialister granuliformans (Pavlovio) 
Bergey et al. (Bacterium granulifor- 
mana Pavlovic, Cent. f. Bakt., I Abt., 
Orig., 1929, 432; Bergey et al., Man¬ 
ual, 4th ed., 1934, 341.) From Latin, 
forming granules. 

Small rods: Non-motile. Gram-nega¬ 
tive. 

Agar colonies: Very small, transparent. 
No gas. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Indole not formed. 

Acid from glucose, sucrose and man¬ 
nitol. 

Passes through Chamberland Lt filters. 

Pathogenic for rabbits. 

Optimum temperature 37^C. 

Anaerobic to microaerophilic. 

Source: From respiratory tract in 
influenza. 

Habitat: Mucous membrane of respira¬ 
tory tract. 

Appendix, Family Parvobacteriaceae:* 
De ^rd (Iowa State Coll. Jour. Sci., 
16, 1942, 471) describes a new tribe, 
Mimeae, which may belong in this fam¬ 
ily. The tribe includes three genera: 
Mima with the species Mima polymorpha 
and the variety Aftma polymorpha var. 
oxidana; Herellea with the single species 
Herellea vaginicola; and CoUoidee with 
the single species CoUoidea anoxydana. 
The organisms are Gram-negative, pleo¬ 
morphic, motile or non-motile rods, 
often showing bipolar staining, and were 
isolated from the normal vagina and from 
cases of vaginitis and conjunctivitis. 
Deacon (Jour. Bact., 49, 1945,511) classi¬ 
fies nineteen cultures in these genera. 


* Arranged by Dr. A. Parker Hitchens, University of Pennsylvania, Philadelphia, 
Pa., March, 1946. 
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FAMILY XII. BACTERIACEAE COHN.* 

(Arch. f. path. Anat. u. Physiol., 55, 1872, 237.), 

Ilod-shaped cells without cndospores. Motile or non-motile. Gram-positive 
and Gram-negative. Metabolism complex, amino acids being utilized, and generally 
carbohydrates. 

This is a heterogeneous collection of species whose relationships to each other and 
to other groups are not clear. 

Only a single genus is recognized at this time. 

Genus I. Bacterium Ehrenberg, 

(IV. Evertebrata, Berlin, 1828, 8.) 

The original description of this genus follows: 

Bacterium, Novum Genus, Familia Vibrionorum. Character Generis: Corpus polygastrioum? anen- 
terum^ nudum, oblongum, fusiforme aut hliforme, rectum, monomorphum (ooniractione nunquam dilata- 
tum), parum flexile (nee aiierte undatum), transverse in multas partes sponte dividuum. 

This may be translated as follows: 

Bacterium, new genus. Family of Vibriona. Character of the genus: Body with many stomachs? 
without an intestine? naked, oblong, spmdle-shaped or filiform, straight, monomorphio (in contraction 
never dilated), not very pliant (and not definitely wavy), freely separated transversely into many parts. 

The type species is Bacterium triloculare Ehrenberg. 

The original description of this species follows. 

B. triiocolare nov. spec ; distincte triloculare s. triarticulatum, subfusiformum, hyalinum. 

Animalculum 1^00 lineac longum, corpore tereti. ArticuU a. septa interna divisionem instantem multi- 
plicem transversam indicare \identur. Mobile sed pigruro animalculum 
In Oasi Jovis Hammonis Siwae observatum, praeterea nullibi. 

Bacterii Generis physiologia huiusque obscurra Cibo colorato Ventriculos replere hae formae respuunt 
ideoQue ad Polygastrica non misi dubitanter et interim collocantur 

This may be translated as follows. 

B. triloculare new. spec. Definitely with three compartments or three jointed, subfusiiorm, hyaline. 
Animalcules 1/300 of a line in length, with a smooth l>ody The joints or internal septa are observed to de¬ 
velop preliminary to multiple transverse splitting. A motile but sluggish animalcule. Observeii in the 
Oasis of Jupiter Ammon of biwa, nowhere else. 

The physiology of the genus Baettrium is thus far obscure. These forms refuse to fill their stomachs with 
colored food and for this reason they are placed with hesitancy and only temporarily in the Polygastrica. 

The original descriptions are taken from Buchanan, General Systematic Bac¬ 
teriology, 1925. 213, and the translations are also furnished by him. Buchanan in his 
book gives an excellent summary of the nomenclatural status of the term Bacterium 
on pages 213-230. 

Since neither the genus nor the type sficcies is characterized in a way to permit 
definite identification, the term Bacterium is used to cover species of non-spore¬ 
forming, rod-shaped bacteria whose position in the system of classification is not 
definitely established (Breed and Conn, Jour. Bact., 5/, 1936, 517). 


* Completely rearranged by Prof. Robert S. Breed and Mrs. Eleanore Heist Clise, 
New York State Experiment Station, Geneva, New York, May, 1946. 
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Bacterium trilocuUure Ehrenberg. (Ehrenberg, IV. Evertebrata, Berlin, 1828, 
8; Bacillus ehrenbergii Treviaan, I generi e le specie delle Batteriacee, 1899,18; Bac- 
terium ehrenbergii De Toni and Treviaan, in Saccardo, Sylloge Fungorum, 8, 1889, 
1022; Bacterium lineola Cohn, Beitrage z. Biol. d. Pflanzen, /, Heft 2, 1872, 170.) 
Cohn also regards Vibrio lineola Miller, 1786 and Vibrio lineola (Bacillus lineolaf 
Bactrium lineola) Jit other authors as synonyms of Bacterium triloculare as explained 
by Buchanan (loc. cit.y 213 and 521). From Latin /ri, three and' loculusj cells or 
compartments. 

Key to the remaining species of genus Bacterium. 

I. Gram-positive. 

A. Non-motile. 

1. Nitrites produced from nitrates. 

1. Bacterium eryihrogenes. 

2. Bacterium suhrufum. 

3. Bacterium linens. 

4. Bacterium mycoides. 

5. Bacterium mutabile 

6. Bacterium qualis. 

2. Nitrites not produced from nitrates. 

a. Grow on ordinary media. 

7. Bacterium racemosum 

8. Bacterium healii. 

9. Bacterium inbccUphilium. 

10. Bacterium tegumenticola. 

11 Bacterium minuiaferula. 

12 Bacterium fulvum. 

aa. Grow only on sea water media on fresh isolation. 

13. Bacterium marinopiscosus. 

14. Bacterium sociovivurn. 

15. Bacterium immotum. 

3. Action on nitrates unknown. 

10. Bacterium arnmoniagenes. 

17. Bacterium minutissimum. 

B. Motile in young cultures. 

1. Nitrites not produced from nitrates. 

18. Bacterium incertum. 

19. Bacterium imperiale. 

C. Motile. Proteus-like growth on media. 

1 Nitrites not produced from nitrates. 

20. Bacterium zopfii. 

21. Bacterium zenkeri. 

Appendixes 1 and II: These list 34 additional species of Gram-positive, motile 
or non-inotile, uon-spore-forming, rod-shaped bacteria. See p. 609 and 612. 

II. Gram-negative. Digest cellulose. Do not digest agar. 

A. Non-motile. Gelatin liquefied. Chromogenic. 

1. Milk acid. 

22. Bacterium idoneum. 

22a. Bacterium liquatum. 
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B. Non-motile. Gelatin liquefied. Non-chromogenic. 

1. Milk acid. 

a. Ammonia produced; indole not formed. 

23. Bacterium udum, 

C. Non-motile. Gelatin not liquefied. Non-chromogenic. 

1. Milk unchanged. 

a. ‘Ammonia not produced; indole not formed. 

24. Bacterium lucrosum, 

2. Milk acid. 

a. Ammonia not produced; indole not formed. 

25. Bacterium acidulum. 

26. Bacterium castigatum. 

D. Motile. Gelatin liquefied. Chromogenic. 

1. Milk acid. 

a. Ammonia produced; indole is formed. 

27. Bacterium bibulum. 

Appendices 1 to III: These list additional species of cellulose-digesting, 
Gram-negative, usually motile, rod-shaped bacteria. See p. 615 and 622. Also 
similar species that utilize bacterial polysaccharides as a sole source of carbon. 
Seep. 623. 

III. Gram-negative. Digest agar. 

A. Non-motile. 

1. Nitrites not produced from nitrates. 

a. Acid from glucose and other sugars. 

28 Bacterium ncnckii. 
aa. Do not form acid from glucose. 

29. Bacterium polysipkoniae. 

30. Bacterium drobachense. 

2. Action on nitrates unknown. 

a. Do not form acid from glucose. 

31. Bacterium deleeseriue. 

32. Bacterium boreale. 

33. Bacterium ceramicola. 

B. Motile but position of flagella not given. May be either peritrichous or 

polar. 

1. Nitrites not produced from nitrates. 

34. Bacterium rhodomelae. 

2. Action on nitrates unknown. 

35. Bacterium alginovorum. 

36. Baderium Jucicola . 

Appendices 1 and II: These describe 9 additional species and list others that 
digest agar. All are Gram-negative, motile or non-motilo rod-shaped bacte¬ 
ria. See p. 627. 

IV. Gram-negative. Digest chi tin. 

A. Motile but position of flagella not given. 

1. Non-chromogenic. 


2. Yellow chromogenesis. 


37. Bacterium chitinophilum. 

38. Bacterium chitinochroma. 
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Appendix I: One additional species is described. See p. 632. 

V. Gram<negative. Phosphorescent bacteria. 

A. Non-motile coccobacilli from sea water. 

1. No liquefaction of gelatin. 

39. Bacterium phosphoreum. 

B. Motile rods from sea water. Position of flagella not given. 

1. No growth in broth, and on coagulated blood serum or potato. 

40. Bacterium phoephorescene indigenus, 

C. Not stated whether motile or non-motile. From diseased insect larvae. 

1. Yellow growth on potato. 

41. Bacterium hemophosphoreum. 

Appendix I: This includes a list of more than 40 additional so-called species of 
phosphorescent bacteria. See p. 634 

VI. Gram-negative. Facultative autotrophic bacteria which secure energy from 
the oxidation of hydrogen and utilize carbon from COj. 

A. Non-motile. 

1. Growth shows a red chromogenesis. 

42. Bacterium erythrogloeum. 

B. Motile with peritrichous flagella. 

1. Yellow chroraogenosis 

43. Bacterium lentulum. 

2. Ivory-colored colonies. 

44. Bacterium leucogloeum. 


VII. Gram-negative. Plant pathogens. 

A. Non-motile. 

1. Gelatin not liquefied. 

45. Bacterium stewartii. 

B. Motile with a polar flagellum. 

1. Gelatin not liquefied. 

a. Colonies mustard yellow on agar. 

46. Bacterium tardicrescens. 

b. Colonies honey to Naples yellow on 

47. Bacterium albilineans. 

Appendix I; This includes 19 additional species placed in Ba^rium or 
lut by their authors. All are reported to cause or to be associated with plant 

disease. See p. 639. 


VIII. Gram-negative. Miscellaneous species. 

A. Produce a pink to red chromogenesis. 

1. Motile. 

a. Gelatin not liquefied. . 

48. Bacterium rubefaciens, 

aa. Gelatin liquefied. 

49. Bacterium rubtaum. 

2. Non-motile. 

a. Gelatin not liquefied. . 

50. Bacterium lateneeum. 
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B. Do not produce pink or red chromogenesis. 

1. Motile. 

a. Produce clouding in alginic acid liquid medium, 
b. From sea water. 

51. Racierimn alginicum, 

bb. From soil. 

52. Bacterium terrestralginicum. 
aa. Action on alginic acid unknown. 

b. Causes a disease of swans. 

53. Bacterium cygni, 

2. Non-motile. 

a. Causes red spot disease of carp. 

54. Bacterium cypnnicida. 

aa. Causes liberation of ammonia from a mixture of horse manure and 
urine. 

55. Badefturn parvulum. 

aaa. Utilizes formates in a liquid medium with the formation of a red¬ 
dish pellicle. 

56. Bacterium mclhylicum. 

Appendix I: Miscellaneous described species of non-sporc-forming bacteria 
placed by their authors in the genus Bacillus. Sec p. 613. 

Appendix II: Includes anaerobic bacteria that produce methane. See p. 645. 
Appendix III: Miscellaneous species of non-spore-forming bacteria listc<l 
but not described. See p. 647. 


1. Bacterium erythrogenes Lehmann 
and Neumann. {Bacterium lactis ery~ 
throgenes Grotenfelt, Fortschr. d. Med., 
7, 1889, 41; Bacillus lactis erythrogenes 
Sternberg, Manual of Bact., 1893, 636; 
Lehmann and Neumann, Bakt. Diag., 
1 Aufi., 1896,253; Bacillus erythrogenes 
Matzuschita, Bakt. Diagnostik, 1902, 
220; Corynebacterium erythrogenes Kiss- 
kalt and Berend, Cent. f. Bakt., 1 Abt., 
Orig., 8/, 1918, 446; Erythrobacillus 
erythrogenes Holland, Jour. Bact., 8, 
1920, 218; Erythrobacillus {lactis) ery¬ 
throgenes Holland, ibid.; Serratia lactica 
Bergey et al.. Manual, 1st ed., 1923, 93; 
Chromobacterinm lactis erythrogenes Top- 
ley and Wilson, Princip. Bact. and Im- 
inun., f, 1931, 402.) From Creek, red- 
producing. 

Micrococcus lactis erythrogenes Conn, 
Eaten and Stocking, Ann. Kept. Storrs 
(Conn.) Agr. Exp. Sta., /8, 1906, 117 is 
stated to be allied to if not identical with 
the above species. 

Ucds: 0.3 to 0.5 by 1.0 to 1.4 microns, 
in broth often up to 4.3 microns long. 


occurring singly, and having rounded 
ends. Non-mot ile. Stain with the 
usual aniline dyes. Gram-positive (Leh¬ 
mann and Neumann, loc. cit.). 

Gelatin colonies: Small, circular, gray¬ 
ish, becoming yellow, sinking into the 
medium. Crateriform liquefaction. 
Yellow sediment. Medium becomes 
rose-colored. 

Gelatin stab: Surface growth a w^hitish, 
later yellow, circular, thin layer. Weak 
growth in stab. Slow liquefaction at the 
surface, the liquid becoming red, with 
yellow sediment. The solid portion as¬ 
sumes a weak rose color. 

.\gar stab: Moist, fairly luxuriant, 
yellow growth, the medium assuming a 
rose to w'ine color. 

Broth: Turbid, yellow. Pellicle (Ful¬ 
ler and Johnson, Jour. Exp. Med.,4> 1899, 
609). 

Litmus milk: Acid. Slow coagulation, 
having a clear fluid which becomes blood- 
rod in color. Reaction becomes alkaline. 

Sterile milk: Casein slowly precipi¬ 
tated, later peptonized. Reaction neu- 
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tral or alkaline A stratum of blood-red 
serum is seen above the precipitated 
casein and above this a yellowish-white 
layer of cream. An intensive sweet 
odor that becomes disagreeable. 

Potato: Growth rapid, spreading, 
grayish, later yellow. On incubation a 
deep golden yellow color develops after 
6 to 8 days. A darkening of the medium 
occurs around the culture, but soon dis¬ 
appears; later the whole potato becomes 
a weak yellowish-red. 

Indole not formed (Fuller and John¬ 
son, loc. cit,). Indole formed (Chester, 
Manual Determ. Bact., 1901, 174). 

Blood serum: Liquefied (Fuller and 
Johnson, loc, ctl.). Not liquefied (Heff- 
eran. Cent. f. Bakt., II Abt., 11, 1903, 
456). 

Nitrites produced from nitrates 

No gas from carbohydrates. 

Slight II?S production (Matzuschita, 
loc. cit.). 

Red pigment insoluble in water, alco¬ 
hol, ether, chloroform, and benzol. 
Soluble (Hefferan, loc. cit., 529). Yellow 
pigment insoluble. 

Distinctive character: Milk becomes 
blood-red in 12 to 20 days. 

Non-pathogenic for mice (Fuller and 
Johnson, loc. cii.). 

Optimum temperature 28"* to 35®C. 

Aerobic (Fuller and Johnson, loc. cit.). 
Facultative anaerobe (Hefferan, loc. 
cit,, 530). 

Source: Isolated from red milk by 
Hueppe in Wiesbaden in 1886.' Isolated 
from feces of a child by Baginsky (Cent, 
f. Bakt., 6, 1889, 137). Isolated from 
Ohio River water by Fuller and Johnson 
(loc. cii,). Isolated from Mississippi 
River water by Hefferan (loc. cit.). 
Tataroff isolated a rose fluorescent coc- 
cobactcrium (Bacillus rosafluorescens 
Kruse, in Flilgge, Dio Mikroorganismen, 
3 Aufl., B, 1896, 305; Bacterium rosa 
fiuorescens Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 8, 1897, 142) which 
Migula reports as identical, but which 
Hefferan considers atypical. 


Habitat: Probably widely distributed 
in nature. 

2. Bacterium subrufum Burri and 
Staub. (Burri and Staub, Landwdrtsch. 
Jahrb. d. Schweiz, 40, 1926, 1006; Ser- 
ratia suhrufa Bergey et al.. Manual, 3rd 
cd., 1930, 123.) From Latin sub, some¬ 
what and rufus, red. 

This organism is stated to be closely 
related to or possibly identical with 
Bacterium erythrogenes. 

3. Bacterium linens Weigmann. (Or- 
ganismus IX, Wolff, Milchwirt. Zent., 
S, 1909, 145; Weigmann, in Wolff, Cent, 
f. Bakt., II Abt., B8, 1910, 422, and in 
Weigmann, Mykologie der Milch, 6B, 
1911,220.) From Latin, daubing, smear¬ 
ing, or spreading over. 

Also s(‘o Stcinfatt, Milchwdrt. 
Foisch., 9, 1930, 7; Kelly, Jour. Dairy 
Sci., BO, 1937, 239; Albert, Long and 
Hammer, Iowa Agr. Exp. Sta. Res. Bui. 
328. 1944 

Rods. Average 0.62 by 2.5 microns 
when grown 1 to 2 days on tryptone glu¬ 
cose extract agar. Xon-motile (Wolff). 
Gram-positive (Kelly, loc. cit.). 

Gelatin colonics: At 18®C punctiform 
at first; after 12 days about 1 mm in 
diameter, compact, circular, shiny, 
brownish-yellow to red-brown. Lique¬ 
faction. 

Gelatin stab: At 21°C crateriform 
liquefaction; becoming infundibuliform 
on extended incubation. Rate of lique¬ 
faction varies considerably with differ¬ 
ent cultures, some completing it in 15 
days, others not completing it even on 
long incubation. 

Agar colonies: On tryptone glucose 
extract agar at 21 ®C after 1 to 2 days, 
colonies convex, glistening, entire and 
cream-colored, becoming brown on ex¬ 
tended incubation; diameters 2 to 5 mm. 
On special cheese agar with incubation 
in oxygen, luxuriant growth, the color 
becoming bright orange to reddish- 
biowm in 4 or 5 days. 
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Agar stab: Heavy surface growth on 
tryptone glucose extract agar at 21^0 
with no growth along the line of inocu¬ 
lation. 

Agar slant: On tryptone glucose ex¬ 
tract agar at 2VC after 2 days growth 
abundant, glistening, filiform, non-viscid 
and cream-colored. After extended in¬ 
cubation the color usually is brown. 
On special cheese agar in an atmosphere 
of oxygen the growth is bright orange to 
reddish-brown in 4 or 5 days. 

Broth: Turbidity and sediment. 

Potato: At 21®C after 5 days, growth is 
scanty, smooth, glistening, and varies in 
color from grayish to brownish-orange. 

Litmus milk: At 21 the changes are 
very slow. After 6 or 7 days the reac¬ 
tion becomes alkaline and a yellow sedi¬ 
ment appears. After approximately 10 
days some digestion is evident, complete 
digestion generally requiring several 
weeks to over a month. A distinct am- 
moniacal odor, more or loss objection¬ 
able, produced in old cultures. No 
coagulation. Ropiness often produced 
on extended incubation. 

Indole not produced. 

Nitrites produced from nitrates. 

Methyl red and Voges Proskauer reac¬ 
tions negative. 

Hydrogen sulfide produced in broth 
and on agar by some cultures but not 
by others. 

Natural fats not hydrolyzed. 

No acid or gas from arabinose, dex- 
tnn, glucose, dulcitol, galactose, inulin, 
lactose, fructose, maltose, mannitol, 
rafiinose, rhamnose, salicin, sorbitol, 
sucrose or xylose. 

Ethyl, propyl, butyl and amyl alco¬ 
hols oxidized largely to corresponding 
acids; hexyl and heptyl alcohols attacked 
much less actively. 

Catalase rapidly produced in or on 
various media. 

Aerobic. 

Growth temperatures: Growth at 8** 
and 37®C but not at 45®C, with the opti¬ 
mum at about 21X. 


Heat resistance low, cultures being 
killed at 62.8^0 in a few minutes. 

Growth in the pH range 6.0 to 9.8; no 
growth at pH 6.0 or below. 

Salt tolerant, cultures growing readily 
in a concentration of 15 per cent salt in 
broth or skim milk, with certain cultures 
apparently capable of growing somewhat 
in much higher concentrations. 

Closely related to or identical w’ith 
Bacterium erythrogenes Lehmann and 
Neumann. 

Source: Originally isolated by Wolff 
from the surface flora of various soft 
cheeses. 

Habitat: Widely distributed in and 
especially on the surface of dairy prod¬ 
ucts including blue, brick, camembert, 
liinburger, oka and cheddar cheeses, 
butter, milk and cream. Also found in 
various feeds including grains, silage, 
green plants, hay and straw, and in 
water, soil, manure, and air. 

4. Bacterium mycoides (Grotenfelt) 
Migula. (Bacterium mycoides roseum 
Grotenfelt, Fortschr. d. Med., 7, 1889, 
46; Bacillus mycoides roscus Sternberg, 
Manual of Bact., 1893, 640; Migula, 
Syst. d. Bakt., 1900, 482; Bacillus 
mycoides-roseus Holland, Jour. Bact., 5, 
1920, 219; Erythrobacillus mycoides- 
roseus Holland, ibid,\ Serratia rosea 
Bergey et al.. Manual, 1st ed., 1923, 96; 
Chromobacterium mycoides roseum Top- 
Icy and Wilson, Princip. of Bact. and 
Immun., f, 1931, 402.) From Greek 
mykes, fungus and eidos^ form. 

Rods: Non-motile. Gram-positive. 

Gelatin colonies: Red, felt-like. 
Liquefaction. 

Gelatin stab: Rapid liquefaction. 
Red pellicle. Red sediment. 

Colonies composed of interlacing fila¬ 
ments (Crookshank, Textb. of Bact. and 
Inf. Die.,4900, 624). 

Agar stab: Red color produced if 
grown in dark; a white color in presence 
of light. 
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Optimum temperature; Room tern- 
peraturc. 

Pigment soluble in water. 

Distinctive characters: Morphologi¬ 
cally like the anthrax bacillus. Appear¬ 
ance in gelatin. Production of a 
brilliant rose color when grown in the 
dark; colonies grown in the light are 
white, but they assume the red color if 
developed further in the dark. 

Source: Isolated from Wiesbaden soil 
by Scholl. 

Habitat: Unknown. 

Note; It has been claimed that this 
or a similar organism forms spores 
(Matzuschita, Bact. Diag., 1902, 108; 
Perlbergcr, Cent. f. Bakt., II Abt., 62, 
1924 , 8). However cultures of ScholPs 
organism received from the Krdl collec¬ 
tion by Hefferan (Cent. f. Bakt., II Abt., 
li, 1903,458) and by Breed in 1926 (per¬ 
sonal communication) did not form 
spores. These cultures produced ni¬ 
trites from nitrates and failed to liquefy 
gelatin. 

5. Bacterium mutablle Steinhaus. 
(Jour. Bact., 4^, 1941,775.) From Latin 
muiabilis, changeable. 

Short rods: On agar, 0.7 to 0.9 by 1.0 
to 2.0 microns. In fluid media, such as 
tryptophane broth, pleomorphic, bi¬ 
zarre forms frequently appearing slightly 
branched. Non-motile. Gram-posi¬ 
tive. 

Gelatin stab: Very slow liquefaction. 

Agar colonies: Cream to yellow, cir¬ 
cular, smooth, glistening, opaque. 

Broth: Moderate turbidity, slight sedi¬ 
ment. 

Litmus milk: Alkaline, soft curd, slow 
peptonization. 

Indole not produced. 

Hydrogen sulflde not produced. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Glucose, lactose, sucrose and maltose 
not fermented. 

Aerobic. 

Source: From the alimentary tract of 


the ly reman cicada, Tibicen linnet 
Smith and Grossbeck. 

Habitat: Unknown. 

6. Bacterium quails Steinhaus. (Jour. 

Bact., 4^, 1941, *774.) From Latin 

qualia, of what kind. 

Short rods: Very short on solid media, 
frequently ellipsoidal in shape. In fluid 
media: 0.5 to 0.7 by 1.4 to 2.2 microns, 
occurring singly. Non-motile. Gram¬ 
positive. 

Gelatin stab: Liquefaction. 

Agar colonies: Small (1 mm), white, 
glistening, transparent, circular, entire. 

Agar slant: Filiform, smooth, glis¬ 
tening. 

Broth: Almost clear; slight turbidity 
in serum and glucose broth. 

Litmus milk. No change. 

Indole not produced. 

Hydrogen sulfide not produced. 

Slight production of nitrites from ni¬ 
trates. 

Starch not hydrolyzed. 

Acid from glucose, sucrose and mal¬ 
tose. Lactose not fermented. 

Source: From the alimentary tract of 
the tarnished plant bug, Lygua pralen- 
si a L. 

Habitat: Unknown. 

7. Bacterium racemosum Zettnow. 
(Zettnow, Cent. f. Bakt., I Abt., Orig., 
77, 1915, 209; Zeitnowia racemoaa Ender- 
lein, Bakt. Cyelogenie, Berlin, 1925,259; 
Flavobacterium racemoaum Bergey et al., 
Manual, Ist cd., 1923,115.) From Latin 
racemoaua, branching. 

Filaments: 0.5 to 0.8 by 10 to 12 mi¬ 
crons. Branching forms found. Non- 
motile. Gram-positive. 

Gelatin colonies: White, circular, soft, 
granular, brownish, entire. 

Gelatin stab: White surface growth. 
Liquefaction napiform. 

Agar slant: Light yellow', limited 
growth. 

Broth'.Turbid. 
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Litmus milk; Coagulated, becoming 
alkaline. 

Potato: Dirty-yellowish, limited 

streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 20°(\ 

This species is selected as the type 
species for the genus Zettnoiria Ender- 
lein {loc, cii.). 

Source: Contamination on agar plate 

Habitat: Unknown. 

8. Bacterium healii Buchanan and 
Hammer. (Buchanan and Hammer, 
Iowa Agr. Plxp. Sta. Research Bull. 22, 
1915, 249; Escherichia hcaln Bergey 
et al., Manual, 1st ed., 1923, 200; Achro- 
mobaclcr healii Bergey et al., Manual, 
2nd ed., 1025, 157.) 

Rods: 0.5 to 0 7 by 2.2 to 12.9 microns, 
occurring singly and in short chains 
Non-motile. (Jram-positivo. 

Gelatin stab: Stratiform licjuefaction 
Villous growth in stab 

Agar colonies. Large, uhite, rhizoid. 

Agar slant: White, hard growth, with 
no tendency to stringines.s 

Broth: Gray pellicle and sediment. 

Litmus milk. Slightly acid, becoming 
slimy, coagulated, peptonized. 

Potato: Heavy, white, glistening 
grow’th. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid without gas from glucose, fruc¬ 
tose, maltose, sucrose, salicin and starch. 
No acid from mannitol, lactose, raffinose 
or inulin 

Aerobic, facultative. 

Optimum temperature 22°C. 

Source: Slimy milk. 

Habitat: Unknown. 

9. Bacterium insectiphilium Steinhaus 
(Jour. Bact., 4-^, 1941, 777.) From M. 
L. insect, insect and Greek philos, 
loving. ^ 

Rods: 0.8 to 1.2 by 1.0 to 2.8 microns, 
occurring singly. At times appearing 


almost as cocci or coccobacilli. Non- 
motile. Gram-positive. 

Gelatin stab: Liquefaction. 

Agar colonics; Light greenish-yellow, 
circular, entire, raised, glistening, 
smooth, opaque. 

Agar slant: Filiform, raised, smooth, 
glistening, opaque growth. 

Broth: Moderate turbidity, slight vis¬ 
cid sediment. 

Litmus milk- Alkaline, peptonization, 
and slow reduction. 

Potato: Greenish-yellow , thick, moist 
growth 

Indole not produced. 

Nitrites not produced from nitrates. 

Hydrogen sulfide not produced 

Starch slightly hydrolyzed. 

No action on the following carbohy¬ 
drates* Glucose, lactose, sucrose, mal¬ 
tose, fructose, mannitol, galactose, arab- 
inose, .xylose, dextrin, salicin, rhainnose, 
rafFinose, trehalose, sorbitol, inulin, dul- 
citol, glycerol, adonitol, mannose. 

.Verobic 

Source: From the body wall of the 
bagworm, 'fhuridopten/x ephetneraefor- 
mis Haw . 

Habitat: Unknown. 

10. Bacterium tegumentlcola Stein- 
haus. (Jour Bact., 4^, 1941, 775.) 
From Latin legurnentum, cover, skin 
and cola, dweller 

Small rods: 0.5 to 0.8 by 1.0 to 1.5 mi¬ 
crons. Have a tendency to be ellipsoidal 
on solid media Non-motile. Gram- 
positive. 

Gelatin stab: Generally no li(]ucfac- 
tion. Variable. 

Agar colonies. Tiny (I mm), white, 
convex, glistening, circular, entire. 

Agar slant: Filiform, glistening, gray¬ 
ish-white growth. 

Broth; Slight turlridity; sediment. 

Litmus milk: No change. 

Indole not produced. 

Hydrogen sulhde not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid slowly produced from glucose 
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and maltose. Acid from sucrose Lac¬ 
tose not fermented. 

Source: From the integument of the 
l>ed-bug, Cimex Icctularius L 
Habitat: Unknown 

11. Bacterium mlnutaferula Steinhaus. 
(Jour. Bact., 19H, 778.) From Latin, 
small rod. 

Very small rods. 0.4 to 0.9 by 0 7 to 1 0 
micron, occurring .singly. Xon-motile. 
dram-positive. 

Gelatin stab; No liquefaction. 

Agar colonies: Colorless to faint gray, 
circular, smooth, entire, glistening. 

Agar slant. Very thin, transparent, 
glistening growth. 

Broth: Slight turbidity and sediment 
Litmus milk. Xo change at first, 
slightly acid after one week. 

Indole not produced 
Jlydrogen sulfide not produced 
Nitrites not produced from nitrate.s 
Starch not hydrolyzed 
.Vcid from gluco.se after4 da\s Slight 
acid from sucrose Lactose and maltose 
not fermented 
Aerobic. 

Source: From triturated specimen of 
the mud-tlauber n.a.sp. Sccltphton cc- 
mentariutn Dm. 

Habitat: Unknown. 

12. Bacterium fulvum (/immermann) 
('hester. {Bacillusfulvus /immermann, 
Bakt. unserer Trink- u. Xutzwasser, 
Chemnitz, /, 1890, 44; Chester, .\nn. 
Kept. Del. Col. Agr. K\p Sta., 9, 1897, 
107; Flarobactcrium fulvum Bergey et 
al., Manual, 1st ed., 1923, 115.) From 
Latin fulvus, dull yellow'. 

Rods: 0.8 by 0.9 to 1.3 microns, occur¬ 
ring singly, in pairs and in chains. Non- 
motilc. Gram-positive. 

Gelatin colonies: Circular, convex, 
reddish-yellow. 

Gelatin stab: Convex, reddish-yellow 
surface growth. Good growth in stab. 
Slow liquefaction. 

Agar slant: Orange-red, glistening 
streak. 


Broth: Turbid with yellow sediment. 

Litmus lactose broth: Acid, or acid 
then alkaline (Dyar, .Ann. N. Y. Acad. 
Sci., 8, 1895, 368). 

Potato: Slow'b ,spreading, yellowish, 
glistening gr -’ th 

Indole formed (Dyar, loc. cit.). 

Nitrites not produced from nitrates 
(Bergey J 

Aerobic, facultative 

Optimum temperature SOX'. 

Source* From Chemnitz and Ddbeln 
tap water (Zimmermann) From dust 
ami water (Dyar) 

Habitat. Water 

13. Bacterium marinopiscosus ZoBell 
ami Upham. (Bull. Scripps Inst. Ocean¬ 
ography, l.a .folia, 5, 1914, 258 ) From 
Latin ttt'infius, pertaining to the sea, 
and p>^c<}SN\, fisli 

Hods* I 2 to 16 by 2 0 to 4.7 microns, 
with rounded ends, show granular stain¬ 
ing, occurring singly, in pairs and long 
chains Non-motile. Gram-positive, 
)mt many cells tend to decolorize leaving 
dram positive granules. 

.Ml (lifTereiitial media except the fresh¬ 
water l)roth, litmus milk, and potato 
were prcpareil with .sea water. 

delatm colonicvS Gray, circular, con¬ 
vex, 1 mm. Xo pigment. 

Gelatin stab: Liquefaction napiform, 
becoming crateriform to stratiform with 
age. ('omplete in 50 days. 

.Vgar colonies. 2 to4 mm, circular, con¬ 
vex, entire, smooth, irregular edge. 

Agar slant: Luxuriant, beaded, glisten¬ 
ing, butyrous growth with no pigment. 

Sea-watcr broth: Xo turbidity, abun¬ 
dant floeculent sediment, slight surface 
ring. 

Fresh-water broth: Good growth. 

Litmus milk: Decolorized, neutral, 
top peptonized. 

Potato. Heavy, white, raised, mucoid, 
dull growth. Potato darkened. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose and man- 
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nitol. No acid from maltose, lactose, 
sucrose, glycerol, xylose or salicin. 

Starch is hydrolyzed. 

Hydrogen sulhde not formed. 

Ammonia produced from peptone but 
not from urea. 

Casein is digested. 

Fats are not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Found on the skin of marine 
fish. 

Habitat: Not known from other 
sources. 

14. Bacterium sociovivum ZoBell and 
Upham. (Bull. Scripps Inst. Ocean¬ 
ography, La Jolla, 5, 1944 , 269.) From 
I.Atin sociuSf associate and vivurn, to live. 

Rods: 0.5 to 0.8 by 3.0 to 4.0 microns, 
with rounded ends, occurring singly, in 
pairs, and chains. Xon-motile. Cram- 
positive but tends to destain, leaving 
Gram-positive cell wall and granules. 

All differential media except the fresh¬ 
water broth, litmus milk and potato were 
prepared with sea water. 

Gelatin colonies: Irregular, sunken, 
filamentous margin, gra 3 'ish-white. 

Gelatin stab: Crateriform liquefaction 
becoming stratiform. 

Agar colonies: 2 to 4 mm, circular, 
convex, smooth, entire, darker center. 

Agar slant: Luxuriant, beaded, glis¬ 
tening, butyrous growth with no pig¬ 
ment. 

Sea-water broth: Xo pellicle, no tur¬ 
bidity, heavy flocculent sediment 

Fresh-water broth: Fair growth. 

Litmus milk: Decolorized, neutral, 
completely peptonized in 20 days. 

Potato: Abundant, dull, light cream- 
colored growth. Potato darkened. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose, maltose, 
and mannitol. Xo acid from glycerol, 
lactose, sucrose, or salicin. 

Starch is hydrolyzed. 

Hydrogen sulfide not formed. 


Ammonia produced from peptone but 
not from urea. 

Casein ts digested. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Found associated with seden¬ 
tary organisms in the sea. 

Habitat: Commonly found on sub¬ 
merged surfaces and on sessile diatoms 
in sea water. 

15. Bacterium immotum ZoBell and 
Upham. (Bull. Scripps Inst. Ocean¬ 
ography, 5, 1044, 271.) From I.»atin, 
meaning immobile or stationary. 

Rods: 0.8 by 3.1 to 8.6 microns, with 
rounded ends, occurring singly, in pairs, 
and long chains. X^on-motile. Gram¬ 
positive but tend to destain leaving 
Gram-positive outline and granules. 

All differential media except the fresh¬ 
water broth, litmus milk, and potato 
were prepared with sea water. 

Gelatin colonics: Small, circular, 
raised, gray, slowly digest gelatin. 

Gelatin stab: Crateriform liquefaction 
becoming infundibuliform. Beaded 
growth along line of stab. Xo pigment. 

Agar colonies. 1 to 2 mm, circular, con¬ 
vex, smooth, lobate margin, darker 
centers. 

Agar slant: Luxuriant, glistening, 
echinulate, mucoid growth with no 
pigment. 

Sea-water broth: Xo pellicle, moderate 
turbidity, abundant, flocculent sedi¬ 
ment. 

Fresh-w'ater broth: Scanty growth. 

Litmus milk: Decolorized, neutral, 
partly peptonized in 20 days. 

Potato: Luxuriant, mucoid, creamy 
growth which darkens potato. 

Indole not formed. 

Xitrites not produced from nitrates. 

Acid but no gas from glucose, maltose, 
xylose, and mannitol. Xo acid from 
glycerol, lactose, sucrose, or salicin. 

Starch is hydrolyzed. 

Hydrogen sulfide not formed. 
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Ammonia produced from i)(‘ptoiie but 
not from urea. 

Casein is digested. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25°C. 

Source: Found associated with marine 
sedentary organisms. 

Habitat: Xot known from other 
sources. 

16. Bacterium ammoniagenes Cooke 
and Keith. (Cooke and Keith, Jour. 
Bact.j IS, 1927, 315; Alcaligenes amrnoni- 
agenes Bergey et al., Manual, 3rd ed., 
1930, 367.) From M. L. ammonia and 
Latin gencro, develop. 

Hods with rounded ends, 0.8 by 1 4 
to 1.7 microns, occurring singly. Xon- 
motilc. Oram-positive. 

(iclatin stab: Xo liciuefaction. 

Agar colonics: C/ircuIar. fiat, smooth, 
entire, gray. 

Agar slant: Growth moderate, smooth, 
flat, opaque, glistening, butyrous, amor¬ 
phous. 

Broth: Moderate turbidity, with floc- 
culent sediment. 

Litmus milk: Slightly alkaline. 

Indole not formed. 

Xo action on carbohydrates. 

Blood serum not liquefied. 

Crea is fermented forming ammonia. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: From feces of infants. 

Habitat: Presumably widely dis¬ 
tributed in putrefying materials, 

17. Bacterium minutisslmum Migula. 
(Bacillus pyogenes minutissimus Kruse, 
in FlUggc, Die Mikroorganismen, 3 Aufl., 
S, 1896, 447; Bacterium pyogenes minu- 
tissimus Chester, Ann. Rept. Del. Col. 
Agr. Exp. SU., 9, 1897, 89; Migula, 
Syst. d. Bakt., 1900, 418; Eberlhella 
minuiissima Bergey ct al.. Manual, 1st 
od., 1923, 228; Shigella minuiissima 
Bergey et al., Manual, 3rd ed., 1930, 
350.) From Latin, smallest. 


Description from Kruse (loc. ciL). 
Description not different from that of 
Bacillus tenuis spuiigenes Pansini, ac¬ 
cording to Chester (Ann. Rept. Del. 
Col. Agr. E.xp. Sta., 9, 1897, 89). 

Hods: 0.5 by 1.0 micron, occurring 
singly and in pairs. X'on-motile. 
Gram-positive. 

Gelatin stab: No liquefaction. Yel¬ 
lowish growth spreading slightly on 
surface 

Growth on agar and blood serum is not 
characteristic. 

Acid but no gas from glucose and lac¬ 
tose. 

No characteristic odor. 

Xot pathogenic for mice and rabbits. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Isolated from a facial abscess. 

Habitat- Not known from other 
sources 

18. Bacterium incertum Steinhaus. 
(Jour. Bact., -{J?, 1941, 776.) From Latin 
incertus, uncertain. 

Short rods: 0.5 to 0.8 by 1.0 to 1.5 
microns, occurring singly and occasion¬ 
ally in pairs. Young cultures motile, 
after 48 hours generally non-motile. 
Gram-positive; after 48 hours many 
cells become Gram-negative. 

Gelatin stab: No liquefaction. 

Agar colonies: Tiny, grayish-white, 
smooth, almost transparent. Does not 
grow well on nutrient agar. 

North's gelatin chocolate agar slant: 
Filiform, thin, transparent growth. 
Brown color of chocolate medium 
changes to yellowish-green. 

Blood agar: Alpha hemolysis at first; 
after three days beta hemolysis. 

Broth: Almost clear; very slight 
growth. 

Litmus milk: No change. 

Indole not produced. 

Hydrogen sulfide not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid but no gas from glucose, sucrose, 
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fructoee» mannoee, and maltose. No 
fermentation of lactose, rhamnose, galac¬ 
tose, mannitol, dulcitol, inositol, or 
sorbitol. 

Voges-Proskauer test: Negative. 

Microaerophilic. 

Source: From the ovaries of the lyre- 
man cicada, Tihicen linnei Smith and 
Grossbeck. 

Habitat: Unknown. 

19. Bacterium imperlale Steinhaus. 
(Jour. Bact., 1941, 777.) From Latin 
imperialU, referring to the imperial 
moth. 

Small rods: 0.5 to 0.8 by 1.0 to 1.7 
microns, occurring singly and in pairs. 
A few cells motile in young cultures. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, entire, almost 
translucent, pinkish-orange to yellow 
pigment. 

Agar slant: Filiform, glistening, 
opaque growth. 

Broth: Slight to moderate turbidity; 
slight sediment. 

Litmus milk: No change at first, later 
slightly acid. 

Potato: Heavy, glistening, moist 
growth; reddish to yellowish-orange. 

Indole not produced. 

Hydrogen sulfide not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid but no gas from glucose, sucrose, 
maltose, fructose, mannitol, galactose, 
arabinose, xylose, salicin, raffinose, tre¬ 
halose, sorbitol, mannose, adonitol, 
esculin, and slight acid from lactose and 
dextrin. Inulin, dulcitol, glycerol, 
rhamnose, adonitol, and inositol not 
fermented. 

Aerobic. 

Source: From the alimentary tract of 
the imperial moth, Eaclea imperialia 
Dm. 

Habitat: Unknown. 

20. Bacterium zopfii Kurth. (Kurth, 
Bericht. d. deutsch. Botan. Gesellschaft, 


/, 1883,97; Kurikia zopfii Trevisan, Atti 
della Accad. Fisio-Medico-Statistica in 
Milano, Ser. 4, 5, 1885, 92; Helikohae- 
terium zopfii Escherich, MUnch. med. 
Wchnschr., 33, 1886, 2, quoted from En- 
lows, U. S. Hygienic Lab. Bull. 121,1920, 
47; Bacterium {Proteua) zopfii Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., P, 
1897, 103; Bacillua zopfii Migula, Syst. 
d. Bakt., P, 1900, 815; Zopfius zopfii 
Wennerand Ilettger, Jour. Bact., 4,1919, 
334.) Named for W. Zopf, German 
botanist. 

This is the type species of the genus 
Kurikia Trevisan. (Trevisan, foe. dir, 
Zopfius Wenner and Ilettger,^ Jour. 
Bact., 4, 1919, 334. )r 

Rods:0.8 by 3.5microns, with rounded 
ends, occurring in long curved chains. 
Motile with peritrichous flagella. 
Gram-positive. 

Gelatin colonics: Radiate, filamentous, 
gray. 

Gelatin stab: Arborescent growth in 
stab. No liquefaction. 

Agar colonies: Fimbriate. 

Agar slant; Spreading, gray, fimbriate 
growth. 

Broth: Slow, moderate growth. 

Litmus milk: No change. 

Potato: Moderate, gray growth; me¬ 
dium becoming dark. 

No II 2 S produced. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25® to 30®C. 

Habitat: Decomposing materials. 

21. Bacterium zenkeri (Hauser) Ches¬ 
ter. {Proieua zenkeri Hauser, Ueber 
Faulnissbaktericn, 1885; Bacillus zenkeri 
Trevisan, 1 generi e le specie delle Bat- 
teriacce, 1889, 17; Chester, Ann. Rept. 
Del. Col. Agr. E.xp. Sta., 9, 1897, 103; 
Zopfiua zenkeri Wenner and Rcttger, 
Jour. Bact., 4, 1919, 334; Bacillua pro- 
leua-zenkeri Holland, Jour. Bact., 5, 
1920, 220; Kurikia zenkeri Bergcy et al., 
Manual, 2nd ed., 1925, 215.) Named 
for K. Zenker, German pathologist. 
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liocls: 0.65 by 1.6 to 2.3 microns, occur¬ 
ring in pairs and in chains. Motile 
with peritrichous flagella. Gram-posi¬ 
tive. 

Gelatin colonies: Feathery, with fila¬ 
ments extending in all directions. 

Gelatin stab: Surface growth like 
colonics. Xo arborescent growth in 
stab. Xo liquefaction. 

Agar colonies Thin, filamentous, 
spreading, grayish. 

Agar slant. Thin, bluish-gray, fila¬ 
mentous growth 

Broth: Slightly turbid, with gray 
sediment. 

Litmus milk: Xo change. 

Potato: Barely visible, yellow inh- 
gray, glistening growth. 

Indole not formed. 

Nitrites not produced fiom nitrates 

Xo II.*8 formed. 

Aerobic, facultative 

Optimum temperature 30°C. 

Habitat. Decomposing materials. 

Note: Wenner and Rettger, loc. cit., 
consider the last two species to bo 
identical 

Appendix I: The following Gram posi- 
tive, motile species may belong with the 
above grouj). All have been placed at 
one time or another in the genus Achio- 
mobaclcr or in the genu.s FUivobaclcriuni 

1. Achromobacter lipolyticum (liuss) 
Bergey et al. {Baclridiuiv lipobfiicum 
Hu8s,\jcnt f. Bakt . II \bt , 20, 1908, 
474; Berge> et cl., Manual, 2nd cd., 
1925, 158.) From Greek, fat-dis.solving. 

Small, oval ro<l8: 0.3 to 0.5 by 0.7 to 
1.4 microns Motile, possessing pen-, 
trichous flagella. Gram-jiositive 

Gelatin colonies. C’ircular, grayish to 
transparent with irregular margin. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonies: Growth circular, gray, 
smooth, glistening, with entire margin 

Broth: Turbid with granular sediment. 

Jdtmus milk: Coagulated, peptonized, 
becoming alkaline. 


Potato: Moist, glistening, grayish 
growth. 

Indole is formed. 

Acid from glucose, sucrose, raffinose, 
xylose, mahnitol and glycerol. 

Fats are split in milk, giving rise to a 
rancid odor and a bitter taste. 

Aerobic, facultative. 

Optimum temperature 35°C. 

Source: From the udder of a cow giving 
abnormal milk. 

Habitat: Milk. 

2. Achromobacter stearophilum (Wein- 
zirl) Ih^rgey et al. (Bacillus siearo- 
philus Weinzirl, Jour. Mod. Res., 35, 
1919 , 404; Bergey et i*l., Manual, let 
ed., 1923, 145.) 

Rods 0.8 hy 5.0 microns, occurring 
singly. Motile. Gram-positive. 

Gelatin colonies: Scanty development. 

Pumpkin gelatin stab: Filiform growth 
in stab. Xo liquefaction. 

Pumpkin agar colonies: Small, smooth, 
convex, gray, entire. 

Pumpkin juice. Slightly turbid. 

Pumpkin milk: Acid, coagulated. 

Potato. Slight, smooth, gra^", glisten¬ 
ing, filiform growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid from (iirbohydratc media. 

Starch from pumpkin hydrolyzed. 

.Vcrobic, facultative. 

Optimum temperature 20®(’. 

Source: Canned pumpkin. 

Habitat' rnkiiown, 

3 Achromobacter sulfureum Bergey et 
al. (Hakt. 4, Uubentschick, Cent. f. 
Bakt., II Aht , 72, 1927, 123; Bergey 
ct al., Manual. 3id ed., 1930, 220.) 

Rods: 0.7 to 0.8 by 1.7 to 2.2 microns, 
occurring singly and in pairs. Motile. 
Gram-positive. 

Gelatin stab: Saccate liquefaction. 

Agar colonics: Circular, grayish-white, 
flat, homogeneous. 

Agar slant: Filiform, grayish-white, 
smooth, homogeneous growth. Metallic 
luster. 
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Broth: Turbid. 

Litmus milk: Peptonized. 

Potato: Yellowish-brown layer. 

Indole not formed. 

Nitrites produced from nitrates with 
gas formation. 

Hydrogen sulfide formed. 

Ammonia formed. 

Urea is attacked. 

Methylene blue reduced. 

Aerobic, facultative. 

Optimum temperature 30® to 33®C. 
Can grow at 0®C. 

Source: Sewage filter beds. 

Habitat: Putrefying materials. 

Note: See Pseudomonas urease Bergey 
et al. for another motile, Gram-positive 
organism described by Rubentschick 
(Bakt. 3) from the same source. 

4. Achromobacter aerOphilum (Rubent¬ 
schick) Bergey et al. {Urobacierium 
aerophilum Rubentschick, Cent. f. Bakt., 
II Abt., 64, 1925, 168; Bergey et al., 
Manual, 3rd ed., 1930, 224.) 

Rods: 0.75 to 0.S5 by 2.0 to 4,5 microns, 
occurring singly, in pairs, and in chains. 
Motile. Gram-positive. 

Urea gelatin colonies: Small, circular, 
dirty-gray, entire. 

Urea gelatin stab: No liquefaction. 

Urea agar colonies: Circular, grayish, 
smooth. 

Urea agar slant: Dirty-gray, glistening 
to dry growth. 

Urea broth: Turbid. 

Urea milk: Unchanged. 

Urea potato: Slight, grayish-white 
streak. 

Indole not formed. 

Nitrites produced from nitrates. 

HsS not formed. 

Ammonia not formed. 

Aerobic, facultative. 

Source: Sewage slime. 

Habitat: Putrefying materials. 

5. Achromobacter citrophilum (Ru- 
bentschick) Bergey et al. {Urobacierium 
citrophilum Rubentschick, Cent, f. Bakt., 
II Abt., 64, 1926, 168; 66, 1926, 161; 67, 


1926, 167; 6*8, 1926, 327; Bergey et al.. 
Manual, 3rd cd., 1930, 224.) 

Hods: 0.75 to 0.85 by 2.5 to 6.0 microns, 
occurring singly and in pairs. Motile. 
Gram-positive. 

Urea gelatin colonies: Small, grayish- 
white, smooth, undulate. 

Urea gelatin stab: No liquefaction. 

Urea agar slant: Filiform, grayish- 
white, thin, dry growth. 

Urea broth: Turbid. 

Urea milk: Unchanged. 

Urea potato: Dirty-gray, thin streak. 

Indole not formed. 

Nitrites produced from nitrates. 

Hydrogen sulfide not formed. 

Ammonia not formed. 

Can derive o.xygen from sodium ci¬ 
trate. 

Aerobic, facultative. 

Optimum temperature 30°C. 

Source: Sewage slime. 

Habitat: Putrefying materials. 

6. Flavobacterium sulfureum Bergey 
et al. (Bacterium punclans sulfureum 
Zettnow, C.'ent. f. Bakt., I Abt., Orig., 
77, 1916, 222; Bergey et al., Manual, 1st 
ed., 1923, 103.) 

Rods; 0.5 to 0.7 by 0.7 to 1.5 microns. 
Motile, possessing peritrichous flagella. 
Gram-positive. 

Gelatin colonies: Very small, barely 
visible, becoming brownish-yellow, 
granular. 

Gelatin stab: Spreading growth on the 
surface only. Later crateriform lique¬ 
faction. 

Agar slant: Sulfur-yellow growth. 

Broth: Turbid. 

Litmus milk: Alkaline, peptonized, 
yellowN 

Potato; Sulfur-yellow streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Blood serum: Sulfur-yellow growth. 
Partial liquefaction. 

No acid from glucose. 

Aerobic, facultative. 

Optimum temperature 25®C. 
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Source: Air. 

Habitat: Unknown. 

7. FUvobacterium acetylicum Levine 
and Soppeland. (Bull. 77, Engineering 
Exp. Sta., Iowa State Agricultural Col¬ 
lege, 1926, 46.) From the chemical term 
acetyl. 

Rods: 0.9 by 1.1 microns, with rounded 
ends, occurring singly and in pairs. Mo¬ 
tile. Gram-positive. 

Gelatin stab: Stratiform liquefaction. 

Agar colonies: Irregular in form, yel¬ 
lowy smooth, flat, amorphous, entire. 

Agar slant: Abundant, echinulate 
growth, flat, peach yellow, smooth and 
butyrous. 

Broth: King growth on surface. Tur- 
bi<i with scant sediment. 

Litmus milk: Slight acidity, with 
granular curd. Peptonization. Litmus 
reduced. 

Potato: Moderate, orange growth. 

Indole not formed 

Nitrites not produced from nitrates. 

Starch hydrolyzed. 

Blood serum liquefied. 

Acid from glucose with formation of 
acetylmethylcarbinol, 

Aerobic, facultative. 

Optimum temperature 22°C. 

Source: From skimmed milk. 

Habitat: Unknown. 

8. FUvobacterium fuscum (Zimmer- 
mann) Bergcy et al. (Bacillus fuscus 
Zimmermann, Bakt. unserer Triiik- und 
Nutzwasser, Chemnitz, /, 1890, 70; not 
Bacillus fuscus FIttgge, Pie Mikro- 
organismen, 2 Aufl., 1886,290; Bacterium 
fuscus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., P, 1897, 111; Bergcy etal., 
Manual, 1st cd., 1923, 113; Chromobac- 
terium fuscum Topley and Wilson, Princ. 
Bact. and Immun., /, 1931, 405.) From 
Latin fuscus , taw’ny. 

Rods: 0.6 by 1.5 microns, occurring 
singly. Non-motile. Gram-positive. 

Gelatin colonics: Small, with brownish 
center and yellowish border. 


Gelatin stab: Gray, filiform growth in 
stab. Slow crateriform liquefaction. 

Agar colonies: Circular, pale yellow, 
smooth, slightly convex, entire. 

Agar slant: Growth greenish-yellow, 
plumose, smooth, raised, undulate. 

Broth: Turbid, with pellicle and sedi¬ 
ment. 

Litmus milk: Slightly acid, becoming 
alkaline, with yellow ring. 

Potato: Thick, moist, chrome-yellow . 
streak. 

Indole not formed. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30X\ 

Source: From Zwonitz River water. 

Habitat: Water. 

8a. Bacterium fuscum liquefaciens 
(Dyar) ('hestcr. (Bacillus fuscus lique¬ 
faciens Dyar, .\nn. N. Y. Acad. Sci., 8, 
1895, 375; Chester, Ann. Rept. Del. Col. 
.\gr. Kxp. Sta., 9y 1897, 108.) Received 
from the Kr^ll collection labeled Bacillus 
fuscus; also from air Differs from the 
above only in liquefying gelatin more 
slowly and completely. 

0. Flavobacterium marls Harrison. 
(Canadian Jour. Research, /, 1929, 232.) 
From Latin ware, sea. 

Rods: 0.7 to 0 8 by 1 0 to 1.2 microns, 
occurring singly and in pairs. At 37°C 
coccoid. Non-motile. Encapsulated. 
Gram-positive. 

Gelatin colonies: Punctiform, red- 
orange, granular, entire. 

Gelatin stab: Red-orange surface 
growth, filiform growth in stab. No 
liquefaction. 

Agar colonies: Circular, orange-yellow, 
smooth, glistening, convex. 

Agar slant: Growth moderate, orange- 
yellow, becoming cadmium-orange to 
red-orange, spreading, glistening. 

Broth: Clear with orange pellicle and 
sediment. 

Litmus milk: At first faintly alkaline, 
becoming faintly acid with orange sedi¬ 
ment. 

Potato: Scant growth. 
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Indole not formed. 

Nitrites produced from nitrates. 

Traces of ammonia formed. 

Faint acidity f rom glucose. No action 
on lactose or sucrose. 

Loeffler’s blood serum not iKiuefied. 

No H;S formed. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Source: Isolated from the skin of fishes. 
Steinhaus (Jour. Baet., 4^, 1941, 771) 
found a similar organism in the intestine 
of a caterpillar. 

Habitat: Unknown 

Appendix II: Among the following 
species reported as Gram-positive are 
many that appear to he similar to the 
species listed above, while others may 
belong to the so-called parasitic lacto- 
bacilli of the intestine or even to Cor//- 
nehaclerium. The majorit}' have been 
placed by their authors in genera other 
than Bacleritnn. 

Bacillus achrous Migula. (Xo. 0, 
Lembke, Arch. f. Hyg , 26, 1896. 301; 
Migula, Syst. d. Bakt , 2, 1900, 676 ) 
From feces Motile. 

Bacillus asteriformis Migula (Mi¬ 
crobe astdriforme, de Klccki, Ann. 
Inst. Past., 9, 1895. 735; Migula, Syst. 
d. Bakt., 2, 1900, 816.) From feces. 
Motile. Colonies resemble tho.se of 
Bacillus mycoides but no spores are 
mentioned. 

Bacillus casei limburgemis Orla-Jen- 
sen. (Orla-Jensen, Cent. f. Bakt., II 
Abt., 75, 1904, 702; Bacterium casei lim- 
burgensis Yale, X. V. S. Agr. Exp. Sta., 
Tech. Bui. 268, 1943, 5.) From limbur- 
ger cheese. Presumably the same a.s 
Bacterium linens Weigmann. 

Bacillus choukevitchi Her ter. (Mi¬ 
crobe VIII, Chouk^vitch, Ann. Inst. 
Past., 25 f 1911,265; llerter. Just’s Botan. 
Jahresber., 89, 2 Abt., Heft 4,1915, 748.) 
From the large intestine of a horse. 

Bacillus colorabilis Migula. (Bacillus 
dcr Gallenblase, Naunyn, Deutsche med. 
Wochnschr., 1801,193; Bacillus cuniculu 
cida havanienais Sternberg, Man. of 


Bact., 1893, 450; Bacillus coli colorabilis 
Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl., 2, 1896 , 431; Bacterium coli 
colorabilis Chester, Ann. Kept. Del. Col. 
Agr E,\p. Sta., 9, 1897, 87; Bacterium 
cuniculicida havaniensis Chester, idem\ 
Migula, Syst d. Bakt., 2, 1900, 736.) 
From a di.sea8ed gall-bladder (Xaunyn) 
and from the intestines and liver of 
yellow-fever cadavers (Sternberg). 

Bacillus cupulans Migula. (Xo. 12, 
Lembke, Arch. f. Hyg, 26, 1896, 307; 
Migula, Syst. d. Bakt., 2, PXM), 677.) 
From feces. Motile. 

Bacillus fumiyatus Migula. (Xo. 11, 
Lembke, Arch. f. Hyg , 29, 1897 , 320; 
Migula, Syst. d. Bakt . 2, 19()(). 679.) 
From feces .Motile 

Bacillus yazogenea Heurlin (Heurlin, 
Bakt. Unters. d. Keimgehaltes im Geni- 
talkanalc der ficbernden Woclmermnen. 
Helsingfors, 1910,97.) From the vagina. 

Bacillus ylncialis .Migula. (Oiftpro- 
duzierender Bacillus, Vaughan and Per¬ 
kins, .\rch. f. Hyg., 27, 1896,308; Migula, 
Syst. <1. Bakt , 2, 1900, 807 ) From icc 
cream and cheese. Motile 

Bacillus inrolutus Walsch. (Cent. f. 
Bakt., I Abt., Grig, 88, 1905, 615.) 
From preputial secretion. 

Bacillus laseri Migula. (Gasbildeiider 
aerober Bacillus, Laser, Cent , f. Bakt., 
IS, 1893, 217; Migula, Syst. d. Bakt., 2, 
1900, 763.) From the lungs and liver 
of a calf. Motile. 

Bacillus membramjer Migula. (Xo. 7, 
Lembke, Arch. f. Hyg., 26, 1896, 302; 
Migula, Syst. d. Bakt., 2, 1900, 675.) 
From feces. Motile. 

Bacillus pseudotyphosus Migula. (Ty- 
phusahnlicher Bacillus, Lustig, Diag. d. 
Bakt. d. Wassers, 1893, 18; Migula, Syst. 
d. Bakt., 2, 1900, 730; not Bacillus pseu- 
doiyphosus Kruse, in FlUgge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 383.) Mo¬ 
tile. P>om several samples of w’ater 
from Thales de Aosta, Italy. 

Bacillus pulmonum Migula. (Proteus 
bei Lungengangran des Menschen, 
Babes, Progrds medical roumain, April 6, 
1889; Migula, Syst. d. Bakt., 2 . 1900, 
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766.) From gangrenous lung exudate 
and the spleen. Motile. 

Bacillus radiatus Zimmermann. (Zim- 
mermann, Bakt. unserer Trink- u. Nutz- 
wasscr, Chemnitz, /, 1890, 58; not Ba¬ 
cillus radiatus LUderitz, Ztschr. f. Hyg., 
6, 1889, 149; not Bacillus radiatus Ches¬ 
ter, Man. Determ. Bact., 1901, 241; 
Bacillus aquatilis radiatus Kruse, in 
FlOgge, Die Mikroorganismen, 3 Aufl., 
1896,315; quoted as B. radiatus aquatilis 
Zimmermann by Kruse, idem\ Bacterium 
radiatus aquatilis Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 100; 
Bacterium aquatilis radiatus Chester, 
idem; Bacillus pseudoradlatus Migula, 
Syst. d. Bakt., 1900, 8.30; Bacterium 
aquatilis Chester, Man. Detcrni. Bact., 
1901,160; not Bacterium aquatile Migula, 
loc. cit.f 469.) From water. Motile. 
In certain stages of development (pre¬ 
sumably old cultures) Zimmermann 
slates that this organism is Gram¬ 
negative. 

Bacillus splendens Migula {Bacillus 
putidus splendens Bernabei, Bull d. 
Soc. I.4inci8iana d. Ospedali di Roma, 
IS; sec abst. in Out f. Bakt , /7, 1895, 
460; Migula, Syst. d. Bakt., 2, 1900, 754.) 
From a case of fetid bronchitis. Motile. 

Bacterium acidiformans (Sternberg) 
Chester. (Bacillus acidiformans Stern¬ 
berg, Man. of Bact , 1893, 449; Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 79.) From the liver of a yellow 
fever patient. Also reported from bees¬ 
wax (White, r. S. Dept. Agr. Bur. En- 
tomol., Bull. 14, 1906, 14). 

Bacterium cactivorum Pasmetti and 
Buzzati-Traverso. (Xuovo Gior. Bot. 
Ital., N.S. 1935, 117.) From a dis¬ 
eased cactus. 

Bacterium dendrobii Pavarino. (Rev. 
di Pat. Veg., 6, 1912, 242.) From Dend- 
robium sp. 

Bacterium (?) musae (Gaumann) El¬ 
liott. (Pseudomonas musae Gaumann, 
Med. van het Inst, voor Plantz., No. 48, 
1921, 58; Elliott, Manual Bact. Plant 
Path., 1930, 170; Phytomonas (?) musae 
Magtou, in Hauduroy et al., Diet. d. 


Bact. Path., 1937, 385.) From diseased 
bananas. 

Bacterium nicotiriovorum Bucherer. 
(Cent. f. Bakt., II Abt., 105, 1942, 169.) 
From a mixture of soil, manure and mud. 

Bacterium pseudotyphosum Migula. 
(Typhusahnlicher Bacillus, Lustig, 
Diagnostik der Bakterien des Wassers, 
1893, 17; Migula, Syst. d. Bakt., 2, 19(X), 
428.) Non-motile. Isolated by Sartori 
from Rome tap water. 

Bacterium teutlium Metcalf. (Met¬ 
calf, Cent. f. Bakt., II Abt., IS, 1904,28; 
Aplanohacter teutlium E. F. Smith, In¬ 
tro. to Bact. Dis. of Plants, 1920, 474; 
Phytomonas teutlia Bergey et al., Man¬ 
ual, 3rd ed., 1930, 280.) From a soft rot 
of sugar beets. See Manual, 5th ed., 
1939,216 for a description of this species. 

Flavohactcrium dehydrogenans Ar- 
naudi. {Micrococcus dehydrogenans Ar- 
naudi, Boll. Soz. ital. Soc. intern. Micro¬ 
biol , 18, 1939. 000; Arnaudi, Cent. f. 
Bakt., II Abt., 105, 1942-43, 352.) Fi'om 
a pressed yeast cake. 

Flavohactcrium vitarumen Knutsen. 
(Knutson, in liechdel, Honeywell, 
Dutcher and Knutsen, Jour. Biol. 
Chem., 80, 1928, 234.) From the rumen 
of a cow. 

Kurthia bcssoni Severi. (Quoted from 
Giorn. Batteriol. e Immunol., S4, 1946, 
107.) 

Kurthia variabilis Seven. (Giorn. 
Batteriol. e Immunol.. S4, 1946, 107.) 
From feces. 

22. Bacterium idoneum McBeth. 
(McBeth, Soil Science, /, 1916, 460; 
Cellulomonas idonea Bergey et al.. Man¬ 
ual, Ist ed., 1923, 165.) From Latin 
idoneus, capable. 

Rods: 0.5 by 1.5 microns. Non-mo¬ 
tile. Gram-negative. 

Gelatin stab* Moderate, yellowish 
growth. Slight napiform liquefaction. 

Agar colonies: Circular, convex, soft, 
becoming brittle, grayish, granular, en¬ 
tire. 

Agar slant: Scant, yellowish-white 
growth, becoming distinctly yellow. 
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Gelatin stab: Moderate, yellowish 
growth. Slight napiform liquefaction. 

Agar colonies: Circular, convex, soft, 
becoming brittle, grayish, granular, en¬ 
tire. 

Agar slant: Scant, yellowish-white 
growth, becoming distinctly yellow. 

Ammonia cellulose agar: Enzymatic 
zone shows a diameter of 2 to 3 mm at 
the end of 30 days. 

Peptone cellulose agar: Enzymatic 
zone shows a diameter of 1.5 to 2.0 mm 
at the end of 30 days. 

Broth: Turbid. 

Filter paper broth: Paper reduced to 
thin, limp sheet which falls apart on 
slight agitation at end of 15 days. 
Litmus milk: Acid, not digested. 
Potato: Abundant, moist, glistening, 
grayish-white growth, becoming dis¬ 
tinctly yellow. 

Indole not formed. 

Nitrites produced from nitrates. 
Ammonia not produced. 

Acid from glucose, malto.se, lactose, 
starch and glycerol. 

Aerobic, facultative. 

Optimum temperature 20%‘. 

Source: Soil from California. 

Habitat: Soil. 

23. Bacterium udum Kcllerman et al. 
(Kellerman, Me Beth, Scales and Smith, 
Cent. f. Bakt., II Abt., 39, 1913, 514; 
Cellulomonas uda Bergey et al., Manual, 
Ist cd., 1923, 166; Proteus cellulomonas 
var. Proteus udus Pribram, Klassifika- 
tion der Schizomycelen, Leipzig und 
Wien, 1933, 72.) From Latin tulus grow¬ 
ing in marshy ground. 

Rods: 0.5 by 1.5 microns. Xon-mo- 
tile. Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant, faintly yel¬ 
lowish growth. 

Cellulose agar: Enzymatic zone 0.5 
mm wide. 

Broth: Turbid. 

Litmus milk: Acid. 

Potato: Good growth. 

Indole not formed. 

Nitrites produced from nitrates. 


Ammonia is produced. 

Acid from glucose, fructose, arabinose, 
xylose, maltose, lactose, sucrose, dextrin 
and starch. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Compost from Arlington, Va. 

Habitat: Soil. 

24. Bacterium lucrosum McBeth. 
(McBeth, Soil Science, f, 1916, 461; 
Cellulomonas lucrosa Bergey et al.. 
Manual, Ist cd., 1923, 167.) From Latin 
lucrosusy lucrative. 

Hods: 0.4 by 1.3 microns. Non-mo- 
tile. Gram-negative. 

Gelatin stab: No growth. 

Agar colonics; C'ircular, convex, semi¬ 
transparent, granular, entire. 

.Agar slant: Moderate, flat, grayish- 
white growth, becoming somewhat iri¬ 
descent. 

Ammonia cellulose agar: On crowded 
plate, the colonies show an enzymatic 
zone of I mm or more. 

Peptone cellulose agar: Enzymatic 
zone 2 to 3 mm wide in 25 days. 

Broth: Turbid. 

Filter paper broth; Paper is reduced 
to a grayish-white pulpy mass whose 
fibers separate on slight agitation. 

Litmus milk: No change. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

25. Bacterium acidulum Kcllerman et 
al. (Kellerman, McBeth, Scales and 
Smith, Cent. f. Bakt., II Abt., 39, 1913, 
513; Cellulomonas acidula Bergey et al.. 
Manual, Ist ed., 1923, 167.) From Latin 
aciduSf acid. 

Rods: 0.3 by 1.0 micron. Non-motile. 
Gram-negative. 
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Gelatin stab: No liquefaction. 

Agar slant: Sliglit, grayish growth. 

Cellulose agar: Knzymatic zone 0.5 to 
1 mm in width. 

Broth: Clear. 

Litmus milk: Acid. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose 
and sucrose. None from glycerol or 
mannitol. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 20®C. 

Source: Soil from Utah. 

Habitat: Soil. 

26. Bacterium castigatum McBeth. 
(McBeth, Soil Science, 1, 1916, 458; 
Cellulomonas castigata Borgey ct al., 
Manual, Ist cd., 1923,168.) From Latin 
caatigatust subdued. 

Rods: 0.4 by 1.2 microns. Non-mo- 
tile. Gram-negative. 

Gelatin stab: Moderate surface 
growth. No liquefaction. 

Agar colonies: Circular, slightly con¬ 
vex, brittle, grayish-white, granular, 
entire. 

Agar slant: Abundant, glistening, 
grayish-white growth. 

Ammonia cellulose agar: Enzymatic 
zone may attain a diameter of 2.5 mm in 
30 days. 

Peptone cellulose agar: Enzymatic 
zone may reach a diameter of 2 mm in 
30 days. 

Broth: Slightly turbid. 

Filter paper broth: Paper completely 
disintegrated and reduced to a pulp-like 
mass in 15 days. 


Litmus milk: Acid, not digested. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and. glycerol. 

Aerobic. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

27. Bacterium bibulum (McBeth and 
Scales) Holland. {Bacillus hibulua'M.c- 
Beth and Scales, Bur. of Plant Industry, 
U. S. Dc],t. of Agr., Bui. No. 266, 1913, 
35; Holland, Jour. Bact., 5, 1920, 217 
and 221; Cellulomonas bibula Bergeyet 
al.. Manual, Ist ed., 1923, 158.) From 
Latin hibulus, thirsty. 

Rods: 0 4 by 13 microns. Motile. 
Gram-negative. 

Gelatin stab: Crateriform liquefaction. 

Cellulose agar colonies: Circular, con¬ 
vex, smooth, soft, grayish to faintly 
yellowish-white, finely granular. En¬ 
zymatic zone 0.3 mm in some cases. 

Agar slant: Luxuriant, glistening, 
smooth, moist, raised growth. 

Broth: Slightly turbid. 

Litmus milk: Faintly acid. 

Potato: Smooth, glistening, canary 
yellow growth. 

Indole is formed. 

Nitrites not produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C, 

Source: From sewer slimes and culti¬ 
vated soils. 

Habitat: Soil. 


Appendix I: The genus Cellulomonas as originally proposed was bjwed on a sin^e 
physiological property and included such diverse types of bacteria as (1) polar 
flagellate species, now placed in Pseudomonas. (2) Gram-variable, non-motile rods 
now placed in Corynebacterium, and (3) peritrichous, non-spore-forming, Gram-nega- 
tive rods. Unfortunately the name is unsuitable for the third of these gwups w 
that it has not been inserted in the outline used in this edition of the Manual. De¬ 
scriptions of species previously placed in this genus are given below. 
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Genva A. Cellulomonas Bergey el aL 
(Manual, Ist ed., 1923, 154.) 

Small rods, with rounded ends, non-spore-forming, motile with peritrichous fla¬ 
gella, occurring in soil and having the property of digesting cellulose. Growth on 
ordinary culture media often not vigorous. Gram-negative. 

The type species is Cellulomonas biazotea (Kell^'rman) Bergey et al. 

Key to the species of genus Cellulomonas. 

I. Motile with peritrichous flagella. 

A. Gelatin liquefied. Chromogenic. 

1. Milk acid. 

a. Ammonia not produced; indole not formed. 

1. Cellulomonas biazotea 

2. Milk acid; digested. 

a. Ammonia produced; indole not formed. 

2. Cellulomonas aurogencs. 
aa. Ammonia produced; indole formed. 

3. Cellulomonas galba. 

3. Milk alkaline. 

a. Ammonia produced; indole not formed. 

4. Cellulomonas folia, 

4. Litmus milk unchanged. 

a. Ammonia produced; indole not formed. 

5. Cellulomonas flava. 

B. Gelatin liquefied. Non-chromogenic. 

1. Milk acid. 

a. Ammonia not produced; indole not formed. 

6. Cellulomonas cellasea. 
aa. Ammonia produced; indole not formed. 

7. Cellulomonas iugis. 

aaa. Ammonia not produced; indole formed. 

8. Cellulomonas concitata. 

2. Milk acid; digested. 

a. Ammonia produced; indole not formed. 

9. Cellulomonas caesia. 

C. Gelatin not liquefied. Chromogenic. 

1. Milk acid. 

a. Ammonia produced; indole formed. 

10. Cellulomonas gilva. 

2. Milk alkaline. 

a. Ammonia not produced; indole not formed. 

11. Cellulomonas ferruginca . 

D. Gelatin not liquefied. Nop-chromogenic. 

1. Milk acid; not digested. 

a. Ammonia not produced; indole not formed. 

12. Cellulomonas albida, 

13. Cellulomonas alma. 
aa. Ammonia not produced; indole formed. 

14. Cellulomonas desidiosa, 
aaa. Ammonia produced; indole not formed. 
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15. Cellulomonaa pusilla. 

16. Cellulomonas gelida. 

11. Motility not recorded. 

A. Gelatin liquefied. Chromogenic 
1. Milk acid. 

a. Ammonia not produced. Acid from glucose. 

17. Cellulomonas flavigenja . 

aa. Ammonia i)roduced. No acid from carbohydrates. 

18. Cellulomonas rossica. 


1. Cellulomonas biazotea (Kellerman 
et al.) Bergoy et al. (Bacillus hiazoleus 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Aht., 39, 1913 , 506; 
Bergcy et al., Manual, Ist ed., 1923, 
158; Proteus cellulomonas var. Proteus 
hiazoleus Pribram, Klassifikation dcr 
Schizomycelon, Leipzig und Wien, 1933, 
72.) 

This is the type species of the genus 
C ellulomonas. 

Rods: 0.5 by 0.8 micron. Motile with 
one to three peritrichous flagella 
Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Lu.xuriant yellow growth. 

Cellulose agar: Enzymatic zone 0 25 
mm or less in width. 

Peptone cellulose agar. No enzymatic 
zone. 

Broth: Turbid, 

Lit- milk: .Aeul. No curdling or 
digestion. 

Potato: Grows well. 

Indole not formed. 

Nitrites produced from nitrates 

.\mmonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, and glycerol. No acid from 
mannitol. 

.Verobic, facultative 

Optimum temperature 2()°(’ 

Source: Soil from Utah. 

Habitat: Soil 

2. Cellulomonasaurogenes (Kellerman 

et al.) Bergoy et ul. ( Bacillus aurogenes 

Kellerman, McBcth, Scales and Smith, 
Cent, f. Bakt., II Aht., 30, 1013, 505; 
Bcrgey et al., Manual, Ist ed., 1923, 


157.) From Latin and Greek, gold-pro¬ 
ducing. 

Hods. 0.4 by 1.4 microns. Motile 
with one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant yellow growth. 

Cellulose agar: Enzymatic zone 0.5 to 
1.5 mm wide. 

Broth: Turbid. 

Litmus milk: Acid, digested. 

Potato: Luxuriant growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20°C. 

Source: From soil from Louisiana and 
Maine. 

Habitat: Soil. 

3. Cellulomonas galba (Kellerman et 
al.) Bergoy et al. (Bacillus galbus 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt , II Abt., S9, 1913, 509; 
Bergey et al.. Manual, 1st ed., 1923,157.) 
From Latin galbus, yellow. 

Hods: 0.4 by 1.0 micron. Motile with 
one to three peritrichous flagella. 
Gram-negative 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant yellow growth. 

Cellulose agar: Enzymatic zone 0.5 mm 
in width. 

Broth: Turbid. 

Litmus milk: Acid, digested. 

Potato: No growth. 

Indole is formed. 
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Nitrites not produced from nitrates. 

Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from Louisiana. 

Habitat: Soil. 

4. Cellulomonas folia Sanborn. (Jour. 
Bact., 1926, 1 and 343.) From Latin 
folium^ leaf. 

Description from Sanborn (Jour. 
Bact., iSy 1929, 170) and also from his 
unpublished notes. 

Rods: 0.8 to 1.0 by 1.0 to 1.5 microns, 
occurring singly and in short chains. 
Motile with four to six peritrichous 
flagella. Gram-negative. 

Gelatin stab: Slow crateriform lique¬ 
faction, becoming stratiform. 

Agar slant: Growth moderate, dirty- 
white, echinulate, raised, glistening, 
opaque, butyrous. 

Broth: Turbid with yellowish sedi¬ 
ment. 

Litmus milk: Alkaline. 

Potato: Thick, moist, yellov>ish-brown 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas slowly produced frOm 
glucose, sucrose, glycerol and mannitol 
after prolonged incubation. No acid or 
gas from lactose. 

Starch hydrolyzed. 

Ammonia produced. 

No HjS formed. 

Aerobic, facultative. 

Optimum temperature 25° to 30°C. 

Resembles Cellulomonas rossica. 

Source: From decomposing leaves. 

Habitat: Occurring in soil and active 
in decomposing leaves in composts, hav¬ 
ing the property of digesting cellulose. 

5. Cellttlomonas flava Sack. (Cent. f. 
Bakt., II Abt., 1924, 79.) From 
Latin fiavus^ yellow. 

Rods: 0.2 by 1.5 microns. Motile. 
Gram-negative. 


Gelatin colonies: Circular, citron 
yellow. 

Gelatin stab: Very slow liquefaction. 

Agar colonies: Large, circular, citron 
yellow. 

Agar slant: Abundant, citron yellow 
streak. 

Broth: Turbid with pellicle and sedi¬ 
ment. 

Litmus milk: Unchanged. 

Potato: Light brown streak. 

Indole not formed. 

Nitrites and ammonia produced from 
nitrates. 

Hydrogen sulfide produced. 

Cellulose hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20°C. 

Habitat: Soil. 

6. Cellulomonas cellasea (Kellermao 
ct al.) Bcrgey et al. (Bacillus ccllaseus 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Abt., S9, 1913, 508; 
Bergey et al., Manual, Ist ed., 1923,158.) 

Rods: 0.5 by 1.2 microns. Motile 
with one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Limited grayish growth. 

Cellulose agar: Enzymatic zone 0.5 mm 
or less. 

Broth: Clear. 

Litmus milk: Acid. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative.. 

Optimum temperature 20°C. 

Source: Soil from Utah. 

Habitat: Soil. 

7. Cellulomonas lugis (McBeth) Ber¬ 
gey ct al. (Bacillus iugis McBeth, Soil 
Science, f, 1916, 456; Bergey et al.. 
Manual, 1st ed., 1923,158.) From Latin, 
joined together. 

Rods: 0.4 by 1.4 microns. Motile with 



family BACI’ERIACEAK 


619 


one to three peritrichouB flagella. 
Gram-negative. 

Gelatin stab: Napiform liquefaction. 

Agar colonics: Circular, convex, soft, 
grayish-white, granular, entire. 

Agar slant: Scant, grayish-white, 
Aliform growth. 

Ammonia cellulose agar: After 20 days, 
all colonies show* an enzymatic zone of 
1 mm or more. 

Peptone cellulose agar: Enzymatic 
zone continues to increase up to 30 days 
at which time it may reach 5 mm in 
width. 

Broth: Turbid. 

Filter paper broth: After 15 days, the 
paper shows many ragged holes but dis¬ 
integrates readily. 

Litmus milk; Acid, not digested. 

Potato: Abundant, glistening, gray¬ 
ish-white growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol 

.\erobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

8. Cellulomonas concitata (McBeth) 
Hcrgey et al, (Bacillus concitatus Mc¬ 
Beth, Soil Science, /, 1016, 448; Bergey 
etal., Manual, Ist ed., 1023, 150.) From 
Latin concitatus, rapid. 

Rods: 0.5 by 1.2 microns. Motile 
with one to four peritrichous flagella. 
Gram-negative. 

Gelatin stab: Napiform liquefaction. 

Agar colonies: Irregularly circular, 
decidedly convex, soft, becoming viscid, 
grayish-white, sometimes slightly fluo¬ 
rescent, granular, entire. 

Agar slant: .\bundant, flat, moist, 
faint yellowish-white growth. 

Ammonia cellulose agar: Surface col¬ 
onics show an enzymatic zone of 1.0 to 
1.5 mm. Deep colonics no zone but 
colony somewhat clearer than surround¬ 
ing medium. 


Peptone cellulose agar: Enzymatic 
zone, surface colonies, 2 to 2.5 mm; bot¬ 
tom colonies, 1 mm or less. 

Broth: Turbid. 

Filter paper broth: Ijn 15 days, the 
paper is a disintegrated fibrous 
which retains its pure white color. 

Litmus milk: Acid,'not digested. 

Potato: No growth. 

Indole is formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from fructose, maltose, lactose, 
sucrose, starch and glycerol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from (/alifornia. 

Habitat: S«)il. 

9. Cellulomonas caesia (Kcllerman et 
al.) Bergey et al. (Bacillus caesins 
Kcllerman, McBeth, Scales and Smith, 
Cent, f liakt., II Abt., 39, 1913, 507; 
Cellulomonas caseia.(sic) Bergey et al.. 
Manual, 1st ed., 1923, 159; Cellulomonas 
casci vsH‘) Bergey et al., Manual, 4th ed., 
1931, 190.) From Latin cacstus, bluish- 
gray. 

Rods. 0.4 by 1.5 microns. Motile with 
one or two peritrichous flagella. Gram- 
negative. 

Gelatin stab: Liquefaction. 

Beef agar streak: Moderate, flat, thin 
growth, slightly bluish fluorescence. 

Cellulose agar: Enzymatic zone, 0.5 
to 1.0 mm in 15 days. 

Broth. Turbid. Slight sediment in 
5 days. 

Litmus milk; Acid, digested. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from Louisiana, Wiscon¬ 
sin and New Hampshire. 

Habitat: Soil. 
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10. CaUuloiiioiiAS fllva (McBeth). Her- 
gey et a1 . (Baeillua gilvus McBeth, Soil 
Science, 1, 1916, 453; Bergey et al.. 
Manual, let ed., 1923,160.) From liatin 
gihme, pale yellow. 

Rods: 0.5 by 1.5 microns. Motile 
with one to five peritrichous fiagella. 
Gram-negative. 

Gelatin stab: Moderate, yellowish- 
white surface growth. No liquefaction. 

Agar colonies: Circular, convex, bu- 
tyrous, canary-yellow, sometimes with 
brownish rings, granular, entire. 

Agar slant: Filiform, yellowish-white 
growth. 

Ammonia cellulose agar: Enzymic 
sone not more than 1 mm. Entire col¬ 
ony semitransparent. 

Peptone cellulose agar: Enzymatic 
sone, 3 to 4 mm in 25 days. 

Broth: Slightly turbid. 

Filter paper broth: In 15 days, the 
paper is reduced to a thin, white filmy 
mAtm which disintegrates readily. 

Litmus milk: Acid, not digested. 

Potato: Abundant, canary-yellow 
growth. 

Indole is formed. 

Nitrites produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20^C. 

Source: Soil from California. 

Habitat: Soil. 

11. Cellttlonionss femiginea (Rull- 
mann) Bergey et al. (Bacillus ferru- 
gineus liullmann. Cent, f. Bakt., I Abt., 
Orig., H, 1898, 465; van Iterson, Cent, 
f. Bakt., II Abt., 11, 1904 , 694; not 
Bacillus ferrugineus liullmann, Cent. f. 
Bakt., I Abt., 24, 1898, 467; Bergey et 
al., Manual, 1st ed., 1923, 150.) From 
Latin, rust-colored. 

Rods: 0.5 to 0.8 by 1.5 to 2.0 microns, 
occurring singly. .Motile, possessing 
peiitfiebous flagella. Gram-negative. 


Gelatin colonies: Brown, the pigment 
diffusing into the medium. 

Gelatin stab: No liquefaction. 

Agar slant: Rusty-brown streak. 

, Broth: Turbid. 

Litmus milk: Dark-yellow ring; alka¬ 
line. 

Potato: Rusty-brown streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Water. 

12. Cellulomonas albida (McBcth) Ber¬ 
gey et al. (Bacillus albidus McBeth, 
Soil Science, /, 1916, 445; Bergey et al.. 
Manual, 1st cd., 1923, 160.) From Ijatin 
albidus, white. 

Rods: 0.4 by 1 0 micron. Motile with 
one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Scant growth. No lique¬ 
faction. 

Agar colonies: Circular, convex, soft, 
grayish-white, granular, entire. 

Agar slant: Scant, white streak. 

Ammonia cellulose agar: .\fter 30 days 
the colonies show an enzymatic zone of 
1 to 2 mm. 

Broth: Clear. 

Filter paper broth: In 15 days, the 
paper is reduced to a thin, filmy, grayish- 
white mass which readily breaks up. 

Litmus milk: Slightly acid, not di¬ 
gested. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol'. 

Aerobic, facultative. 

Optimum temperature 20^C. 

Source: Soil from California. 

Habitat: Soil. 

13. Cellulomonas alma (McBeth) Ber¬ 
gey et al. (Bacillus almus McBeth, 
Soil Science, 1, 1916, 446; Bergey et al.. 
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Manual, Ist ed., 1923,161.) From Latin 
almuB^ nourishing. 

Rods: 0.5 by 1.2 microns. Motile with 
one to five peritrichous flagella. Gram¬ 
negative. 

Gelatin stab: Scant growth. No lique¬ 
faction. 

Agar colonies: Circular, convex, soft, 
becoming brittle, grayish-white, granu¬ 
lar, entire. 

Ammonia cellulose agar: Enzymatic 
zone 3 to 4 mm in 25 days. 

Peptone cellulose agar: Enzymatic 
zone 2.5 to 3.5 mm in 30 days. 

Agar slant: Scant, grayish-white 
growth, becoming yellowish-white. 

Broth: Slightly turbid. 

Filter paper broth: Paper reduced to 
a loose felt-like white mass in 15 days. 

Litmus milk: Slightly acid, not di¬ 
gested. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

14. Cellulomonas desldiosa (McBeth) 
Breed. {Bacillus desiduosus (sic) Mc¬ 
Beth, Soil Science, 1, 1916, 450; Cellulo¬ 
monas deciduosa (sic) Bergey et al.. 
Manual, 1st ed., 1923, 162; Breed, in 
Manual, 5th ed., 1939, 495.) From 
Latin desidiosus^ inactive. 

Rods: 0.4 by 1.0 micron. Motile with 
one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Moderate growth. No 
liquefaction. 

Agar colonies: Circular, slightly con¬ 
vex, soft, becoming somewhat^viscid, 
grayish-white, granular, entire. 

Agar slant: Scant, fiat, grayish -white 
growth. 


Ammonia cellulose agar: Enzymatic 
zone 3 to 3.5 mm in 25 days. 

Peptone cellulose agar: Enzymatic 
zone 1 to 2 mm around surface colonies. 
Bottom colonies frequently show no en¬ 
zymatic zone until after 20 days. 

Broth: Slightly turbid. 

Filter paper broth: Paper is divided 
into gray white mass which readily dis¬ 
integrates. 

Litmus milk: Acid, not digested. 

Potato: No growth. 

Indole is formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, lactose, maltose 
and starch. No acid from mannitol, 
sucrose or glycerol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

15 Cellulomonas pusilla (Kellerman 
et al.) Bergey et al. {Bacillus pusilus 
(sic) Keilerman, McBeth, Scales and 
Smith, Cent. f. Bakt., II Abt., S9, 1913, 
513; Cellulomonas pusila (sic) Bergey 
et al., Manual, Ist ed., 1923,161.) From 
Latin pusilla, very small. 

Rods: 0.6 by 1.1 microns. Motile 
with one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: No liquefaction. 

Agar slant: Scant, grayish-white 
growth. 

Cellulose agar: Enzymatic zone 1 mm 
or less in width. 

Broth: Turbid 

Litmus milk: Acid. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20^C. 
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Source: Soil from District of Columbia 
and South Carolina. 

Habitat: Soil. 

16. Cellulomonas gelida (Kellerman et 
al.) Bergey et al. (Bacillus gelidus 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Abt., S9, 1913, 510; 
Bergey et al., Manual, Ist cd., 1023,1G2.) 
From Latin gelidus, stiff. 

Rods: 0.4 by 1.2 microns. Motile 
with one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: No liquefaction. 

Agar slant: Lu.xuriant, grayish-white 
growth. 

Cellulose agar: Enzymatic zone 1.5 
mm in width. 

Broth: Turbid. 

Litmus milk: Acid, peptonized. 

Potato: Grows well. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from Connecticut. 

Habitat: Soil. 

17. Cellulomonas flavigena (Kellerman 
and McBeth) Bergey et al. (Bacillus 
flavigena Kellerman and McBeth, Cent, 
f. Bakt., II Abt., 84, 1912, 488; Bergey 
et al., Manual, Ist ed., 1923,165.) From 
Latin, yellow-producing. 

Rods: 0.4 by 1.0 micron. Motility 
not recorded. Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant, yellow growth. 

Cellulose agar: Enzymatic zone 0.75 
to 1.5 mm in width. 

Broth: Turbid. 

Litmus milk: Acid. 

Potato: Grows well. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, fructose,arabinose. 


xylose, maltose, lactose, sucrose, dextrin, 
starch, inulin, salicin, glycerol and man¬ 
nitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: From contaminated culture. 

Habitat: Soil. 

18. Cellulomonas rossica (Kellerman 
and McBeth) Bergey et al. (Bacillus 
rossicus Kellerman and McBeth, Cent, 
f. Bakt., II Abt., 84, 1912, 492; Bergey 
et al., Manual, Ist ed., 1923,157; Proteus 
cellulomonas var. Proteus rossicus Prib¬ 
ram, Klassifikation der Schizomyceten, 
Leipzig und Wien, 1933, 72.) 

Rods: 0.3 by 1.2 microns. Motility 
not recorded Oram-negative. 

Gelatin stab: Rapid liquefaction. 

Agar slant: Luxuriant, yellow growth. 

Cellulose agar: Enzymatic zone 0.5 to 
1.0 mm in width. 

Broth: Turbid. 

Litmus milk: Alkaline. 

Potato: Grows well. 

Indplc not formed. 

Nitrites produced from nitrates. 

Ammonia produced. 

No acid from carbohydrate media. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source* From contaminated culture. 

Habitat: Soil 

Appendix II: The following cellulose- 
digesting bacteria are not included 
above: 

Achromobacter picrum Fuller and Nor¬ 
man. (Jour. Bact., 4^, 1943, 276.) 
From soil. 

Bacillus aurogenes var. eUbus Keller¬ 
man, McBeth, Scales and Smith. (Cent, 
f. Bakt., II Abt., 89, 1913 , 506.) From 
soil from New York State. Differs from 
Cellulomonas aurogenes in that it shows 
no chromogenesis. 

Bacillus rossicus var. castaneus Keller¬ 
man et al. (loc. cit., 508; Proteus cellu^ 
lomonas var. Proteus castaneus Pribram, 
Klassifikation der Schizomyceten, Leip¬ 
zig und Wien, 1933, 72.) From soils 



family bacteriaceae 


623 


from Maine, Connecticut and Kew York. 
Peritrichous. No liquefaction of gela¬ 
tin. Chestnut color on potato. 

BacilluB subalbus Kellerman et al. 
(loc. ctl.f 512). From soils from Georgia, 
Kentucky and New York. 


Bacillus subalbus var. batatatis Keller¬ 
man et al. (loc. cit ., 513). From soil from 
South Carolina. Differs from the above 
species in that it liquefies gelatin and 
forms a very scant yellowish growth on 
potato. 


Appendix III: The following genus has been proposed for Gram-negative rods that 
utilize bacterial polysaccharides as a sole source of carbon. 


Genus A. Saccharobacterlum Sickles and Shaw. 

(Jour. Bact., 28, 1934, 430.) 

Pleomorphic, iion-niotile, uon-spore-forming rods. Gram-negative. Grow in 
mineral solutions containing bacterial polysaccharides as the sole source of carbon. 
Found in swamp and other uncultivated soils. Placed by the authors in the Family 
Mycobactcriaceac because of resemblances between these bacteria and those placed 
in Cytophaga, CcUfalcicula and Cellvibrio. As the latter genera are no longer placed 
in this family, Succharobacleriurn is placed temporarily in this .appendix to the genus 
Bacterium near bacteria that decompo.se cellulose and agar. 

The type species is Saccharobacterium ovale Sickles and Shaw. 


1 . Saccharobacterium ovale Sickles and 
Shaw. (Jour. Bact., 28, 1034, 422.) 
From Latin ovum, egg, ellipse. 

Extremely pleomorphic Young cells 
ellipsoidal, 1 5 by 2.0 microns, usually in 
pairs, contain granules which stain 
deeply with basic dyes. Older cultures 
contain cells which may be from 12 to 15 
microns long, \on-inotile. Gram- 
negative. 

No growth on ordinary media such as 
beef extract agar, blood agar, beef-ex- 
tract agar slants, nutrient gelatin, po¬ 
tato slants, litmus milk, beef-infusion 
broth and beef-extract peptone broth. 

Medium A plus pneumococcus II car¬ 
bohydrate and 0.8 per cent agar: Very 
small, round, pink colonies, pinpoint in 
size after about 5 days. After 2 weeks 
1 mm in diameter, ('oherent. 

Litmus milk: No growth. 

Beef-extract peptone with 1 per cent 
sucrose: Moderate turbidity. Yellowish 
sediment. 

Starch: Hydrolyzed in Medium A con¬ 
taining pneumococcus II carbohydrate. 

Grow'th in lactose and sucrose broths. 


Growth m maltose, xylose and dextrin 
broths in some strains. No acid from 
inulin, mannitol, salicin and glucose 
oroths. 

Aerobic. 

Minimum temperature 20®C. Opti¬ 
mum 34'' to 35‘’C. Maximum 37 ®C. 
Thermal death point 54®C for 10 minutes. 

Minimum pH 6.4. Optimum pH 7.0 
to 7.4. Maximum pH 7.8. 

Distinctive characters: The addition 
of 0.5 per cent sodium chloride to any 
favorable medium completely prevents 
growth of the organism (Medium A is 
that used by Dubos and Avery in 1931, 
(NIL) 2 ^ 504 ,1 g, K 2 HPO 4 ,2.0 g, tap water 
1000 ml). Decomposes the carbohydrate 
of pneumococcus type II. 

Source: Swamps and other unculti¬ 
vated soils. 

Habitat: Soil. 

2. Saccharobacterium acuminatum 
Sickles and Shaw. (Jour. Bact., 28, 
1934, 425.) From Latin acuminare, to 
sharpen. 

Extremely pleomorphic. Young or¬ 
ganisms are pointed, often curved rods. 
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0.5 by 2 mierops, having p densely stain¬ 
ing granule. The tapering pointed ends 
remain uhstiuned. Older cells have 
rounded ends, are spherical, pear- 
shaped or a long ellipsoid, stain weakly. 
Non-motile. Gram-negative. 

No growth on ordinary media. See 
preceding species. 

Medium S with pneumococcus 1 car¬ 
bohydrate and 0.8 per cent agar: Very 
tiny, pale yellow colonies. Less than 
0.5 mm in diameter. 

Starch not hydrolyzed. 

Growth in sucrose broth. No growth 
in glucose, lactose, maltose, dextrin, 
inulin, mannitol and salicin broths. 
Aerobic. 

Minimum temperature 20^*0. Opti¬ 
mum 28^« to 32^C. Maximum 34”0. 
Thermal death point48”C for 10 minutes. 

Minimum pH 6.0. Optimum pH 6.6 
to 7.2. Maximum pH 7.8. 

Distinctive characters: Decomposes 
the carbohydrate of pneumococcus 
Type I. The addition to any favorable 
medium of 0.7 per cent sodium chloride, 
of 0.3 per cent beef extract or of 0.5 per 
cent peptone completely inhibits growth. 

The composition of Medium S is as 
follows: MgSO-THjO, 0.2 g, NH 4 H,P 04 . 
1.5 g, CaCls, 0.1 g, FeClj, tr, KCl, 0.1 g, 
10 cc N/1 NaOH. Distilled water 1,000 
ml, pH 7.2 to 7.4. To this was added 
the specific pneumococcus carbohydrate 
as a source of carbon in concentrations 
varying from 0.002 to 0.01 per cent. 

Source: From swamps and other un¬ 
cultivated soils. 

Habitat: Soil. 

28. Bacterium nenckli &ernacki. 
(Biemacki, Cent., f. Bakt., II Abt., B9, 
1911, 166; Achromchacter nenckii Bergey 
et al., Manual, 3rd ed., 1930, 227.) 
Named for Nencki, a chemist at the 
Medical Institute in Warsaw. 

Rods: 0.8 by 1.25 to 2.0 microns, with 
rounded ends, occurring singly and 
in pairs. C^psulated. Non-motile. 
Gram-negative. 


Gelatin colonies; Circular, convex, 
yellowish-white, granular. 

Glucose and sucrose gelatin: Colonies 
larger and slimy. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, grayish-white, 
glistening, concentric, finely granular. 

Agar slant: The medium is liquefied. 

Glucose and sucrose agar: Heavy slimy 
growth with gas. Faint fruity odor. 

Broth: Slightly turbid with gray sedi¬ 
ment and slight odOr. 

Litmus milk: Acid and gas formation. 

Potato: Slight growth. 

Glycerol potato: Heavy growth with 
the appearance and consistency of cream. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, maltose, sucrose, raffinose and 
mannitol. 

Fruity odor in cultures 

Facultative anaerobe. 

Optimum temperature 37°C. 

Source; From Spanish dried grapes. 

Habitat: Unknown. 

29. Bacterium polyslphoniae Lunde- 
stad. (Lundcstad, Cent. f. Bakt., II 
Abt., 75, 1928, 331; Flavobacterium poly- 
siphoniae Bergey ct al., Manual, 3rd 
ed., 1930, 152.) From Greek, many 
tubes. 

Hods: 0.5 to 0.6 by 2.0 to 4.0 microns, 
with rounded ends, occurring singly. 
Non-motile. Gram-negative. 

Fish-gelatin colonies: Circular, 

slightly glistening, bright yellow, trans¬ 
parent, with denser center. 

Fish-gelatin stab: Slight yellowish 
growth on surface. Slow saccate lique¬ 
faction. 

Sea-w'eed agar colonies: Circular, flat, 
with concentric rings, diffuse margin, 
light yellow. Agar is disintegrated. 

Fish-agar slant: Yellow, flat growth, 
with undulate margin. 

Broth: Turbid with flocculent pellicle 
and yellowish sediment. 

Indole not formed. 
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Nitrites not produced from nitrates. 

No action on carboiiydrates. 

Slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 3()°C^ 

Source : Sea water of Norwegian Coast. 

Habitat: Sea Neater. 

30. Bacterium droebachense Lundr*- 
stad. (Lundestad, Cent. f. Hakt., II 
Abt., 1928, 329; FUivohacln'ium droe- 
bachvnse Hergcy ct iil., Manual, 3rd ed , 
1930, 153; 1 u d o mo n as d roebach en se 
Stanier, Jour. Hart , 4^, 1911, 5^14.) 
Latinized, from Drobak, where this or¬ 
ganism was isolated. 

Hods: 0.5 to 0.6 by 2.0 to 2.6 microns, 
with rounded ends, occurring singly. 
X on -moti le. Cl ra m -nega t i vc 

Fish-gelatin colonies: Small, eircular, 
compact, opatiue, glistening, orange- 
yellow. 

Fish-gelatin stab: Li(|uefaclion in- 
fundibuliform becoming stratiform 

Sea-weed agar colonies Small, cireu 
lar, flat, opaque, glistening, orange- 
yellow. Agar is disintegrated. 

Fish-agar slant. Flat, opaciue, glisten¬ 
ing, slimy, orange-yellow, entire growth. 

Broth: Slight floeculent turbidity, 
yellow. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch hydrolyzed. 

Slow grow th on surface of glucose agar 
stab. No gas. 

.\erobic, facultative. 

Optimum temperaturt* about 37^^(' 
Minimum temperature S'* to 10°(’ 
Maximum 

Stanier (loc, vil ) identified cultures 
isolated from sea water on the Pacific 
C'oast as belonging to this species. 
Some liquefied gelatin while others did 
not. Nitrates were reduced. A yellow 
membraneous pellicle was formed on 
broth, and the temperature range is 
given as 5® to 35®C. Optimum 25®C. 
He renamed the organism Pseudomonas 


droehachensiSy but reported it non- 
motilc. 

Source: From sea water at Drobak on 
the Norwegian Coast. 

Habitat: Sea water. 

31. Bacterium delesseriae Lundestad. 
(Lundestad, Cent. f. Bakt., II Abt., 
75y 1928, 332; Flavobacierium delesseriae 
Bergey ot al., Manual, 3rd ed., 1930, 
153.) 

Rods: 0.5 to 0.6 by 1.6 to 2.6 microns, 
with rounded ends, occurring singly. 
Non-motile. Gram-negative. 

Fish-gelatin colonies: Circular, trans¬ 
parent, glistening, concentrically ringed, 
yellow. 

Fish-gelatin stab: Crateriform lique¬ 
faction, with yellow sediment. 

Sea-A'ced agar colonies: Circular, flat, 
concentrically ringed, light yellow. 
Agar is disintegrated. 

Fish-agar slant * No growth. 

Broth. Turbid with floeculent pellicle 
and sediment, light yellow. 

Indole not reported. 

Nitrites not reported. 

N(' action on carbohydrates. 

Slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 23''C. 

Source. S(*:i water of Norw egian Coast. 

Habitat: Sea water. 

32 Bacterium boreale Lundestad. 
(Lundestad, Cent. f. Bakt., II Abt., 75, 
1928, 333; Flavobacierium boreale Bergey 
et al., Manual, 3rd ed., 1930, 154.) 
From Latin borealisy northern. 

Rods* 0.5 to 0.6 by 1.6 to 2.6 microns, 
with rounded ends, occurring singly. 
Non-motile. Gram-negative. 

Fish-gelatin colonies: Circular, 

opaque, glistening, concentrically 
ringed, yellow. 

Fish-gelatin stab: Yellow, with crateri¬ 
form liquefaction. 

Sea-w'ater agar colonies: Circular, flat, 
opaque, glistening, diffuse margin, light 
yellow’. Agar is disintegrated. 
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Fifih>agar slant: Yellow, flat, glisten¬ 
ing, opaque, entire growth. 

Broth: Finely flocculent, yellow sedi¬ 
ment. 

Indole not reported. 

Nitrites not reported. 

No action on carbohydrates. 

Slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 23^C. 

Source: Sea water of Norwegian Coast. 

Habitat: Sea water. 

33. Bacterium ceramicola Lundestad. 
(Lundestad, Cent. f. Bakt., II Abt., 76, 
1928, 332; Flavobacierium ceramicola 
Bergeyetal.,Manual, 3rded., 1930, IM.) 
From Greek, living in earthenware. 

Rods: 0.5 to 0.6 by 1.4 to 2.4 microns, 
with rounded ends, occurring singly and 
lying side-by-side. Non-motile. Oram¬ 
negative. 

Fish-gelatin colonies: Circular, glis¬ 
tening, transparent, yellow. 

Fish-gelatin stab: Slight, yellow sur¬ 
face grow’th. Liquefaction crateriform. 

Sea-water agar colonies: Circular, flat, 
transparent, glistening, diffuse margin, 
light yellow. Agar is disintegrated. 

Fish-agar slant: Moderate, yellow, 
flat, entire, glistening, opaque growth. 

Broth: Light yellow' pellicle and sedi¬ 
ment. 

Indole not reported. 

Nitrites not reported. 

No action on carbohydrates. 

Slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 23'’C. 

Source: Sea water of Norwegian 
Coast. 

Habitat: Sea water. 

34. Bacterium rbodomelae Lundestad. 
(Lundestad, Cent. f. Bakt., II Abt., 75, 
1928, 331; Flavobacierium rhodamelae 
Bergey et al., Manual, 3rd ed., 1030, 
146.) 

Rods: 0.5 to 0.8 by 1.2 to 2.0 microns, 
with rounded ends, occurring singly, in 


pairs, and at times in short chains. Mo¬ 
tile. Gram-negative. 

Fish-gelatin colonies: Circular, 

slightly glistening, opaque, white. 

Fish-gelatin stab: Rapid infundibuli- 
form liquefaction. 

Sea-weed agar colonies: Circular, flat, 
thin, transparent, glistening, entire. 
Agar is dissolved. 

Glucose agar slant: Moderate growth, 
white, becoming orange-yellow, flat, un¬ 
dulate margin, opaque, glistening. 

Broth: Turbid, with pellicle and gray¬ 
ish-yellow, slimy sediment. 

Indole not formed. 

Nitrites not produced from nitrates. 

No action on carbohydrates. 

Very slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Sea w’ater of Norwegian Coast. 

Habitat: Sea water. 

35. Bacterium alginovorum Waksman, 
Carey and Allen. (Jour. Bact., 58, 
1934 , 215.) From M. L., alginic and 
Latin voro, devour. 

Rods: 0.75 to \ .2 by 1.5 to 2.0 microns, 
with rounded to almost elliptical ends, 
especially when single, occurring fre¬ 
quently in pairs and even in chains. 
Actively motile. Capsule-forming. 
Gram-negative. 

Alginic acid plate: Colony large, white 
in appearance with coarse granular cen¬ 
ter, entire margin. Clears up turbidity 
caused by the alginic acid on plate. 
No odor. 

Alginic acid liquid medium: Heavy 
pellicle formation. Active production 
of an enzyme, alginase, which brings 
about the disappearance of alginic pre¬ 
cipitate in sea water medium. 

Salt water medium: A slimy pellicle of 
a highly tenacious nature is produced, 
the whole medium later turning to a soft 
jelly. 

Sea water gelatin: Active and rapid 
liquefaction in two to six days, at I8®C; 



family bactbriaceae 


627 


highly turbid throughout the liquefied 
zone. 

Agar liquefaction: Extensive softening 
of agar, no free liquid. 

Sea water glucose broth: Abundant 
uniform turbidity, with surface pellicle; 
some strains give heavier turbidity and 
others heavier pellicle. 

Litmus milk containing 3.5 per cent 
Balt: No apparent growth. 

Potato moistened with sea water: 
Moist, spreading growth, ivory-colored; 
heavy sediment in free liquid at the 
bottom. 

Starch plate: Abundant, cream-colored, 
slimy growth; extensive diastase produc¬ 
tion. 

Ae robi c, mi c roae roph i 1 i c. 

Optimum temperature 20°C. 

Source: F'rom sea water, sea bottom 
sediments and from the surface of algal 
grow’th in the sea. 

Habitat: Very common in the sea. 

36. Bacterium fucicola Waksmaa, 
Carey and Allen. (Jour. Bact., 28, 1934, 
213.) From Latin fucus, seaw’eed and 
cola, dweller. 

Short rods; 0.6 to 1.0 by 1.0 to 1.5 


microns, with ends rounded to almost 
coccoid; slightly curved. Actively mo¬ 
tile, with twirling motion. Gram-nega¬ 
tive. 

Alginic acid plate; Colonies finely 
granular, entire; at first w^hitish, turning 
brown in three to five days, and later 
almost black, producing a deep brown 
soluble pigment. 

Alginic acid liquid medium: Limited 
grow'th on surface in the form of a pelli¬ 
cle. Frequently produces no growth 
at all. 

Sea water gelatin: Active liquefaction; 
no growth in stab; thin, fluorescent 
growth throughout liquefied zone. 

Agar liquefaction: Positive, although 
limited; only softening of agar. 

Sea water glucose broth: Faint tur¬ 
bidity; no pellicle, no sediment. 

Litmus milk containing salt:*No ap¬ 
parent growth. 

Potato moistened with sea w^ater: No 
growth. 

Starch plate; No growth. 

Aerobic. 

Optimum temperature 20®C. 

Source: From sea water near the sur¬ 
face of the sand bottom. 

Habitat: Rare in sea water. 


Appendix I: Additional agar-digesting bacteria placed in genera other than Bac¬ 
terium, 

I. Achromobacler. 

A. Motile with peritrichous flagella. 

1. Nitrites produced from nitrates. 

1. Achromobacter pastinatar. 

II. Agarbacterium. 

A. Non-motile. 

1. Nitrites produced from nitrates. 

2. Agarbacterium bufo. 

B. Motile, but position of flagella not recorded. 

1. Nitrites produced from nitrates. 

3. Agarbacterium reducan^, 

4. Agarbacterium viscosum. 

2. Nitrites not produced from nitrates. 

5. Agarbacterium mesentericus. 

6. Agarbacterium aurantiacum. 

7. Agarbacterium cyanoides. 

3. Seven additional species that are numbered but not named. 
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III. Flavobacterium, 

A. Non-motile. 

1. Nitrites produced from nitrates. 

8. Flavobacterium uliginosum, 

B. Peritrichous flagella. 

1. Nitrites produced from nitrates. 

9. Flavobacterium amocontacium. 


1. Achromobacter pastinator Gorosliiie. 
(Jour. Bact., 96, 1933,442.) From Latin 
pastinator, one who digs a trench. 

Short rods: 0.4 by 1.5 microns, occur¬ 
ring singly and in pairs. Motile with 
two to five peritrichous flagella. Gram¬ 
negative. 

Plain gelatin stab; No growth. 

Nutrient gelatin stab: Surface growth 
very scanty. No liquefaction. 

Nutrient agar colonies: At first tiny, 
almost colorless, becoming yellowish 
and ring-like. Agar liquefied rapidly. 

Nutrient agar slant: Growth good, flat, 
not thick. Agar liquefied along streak 
often to the depth of a (juarter of an 
inch. Pocket formed at bottom of slant 
filled with a rather viscous, yellowish 
fluid. 

Nutrient broth: Slight turbidity after 
5 days. Subsurface but no surface 
growth. No sediment. 

Litmus milk: Slightly c-cid after 20 
days. No curd. Only a trace of reduc¬ 
tion at bottom of tube. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

No HiS produced. 

Acid from arabinose, glucose, galac¬ 
tose, lactose, fructose, maltose, mannose, 
melezitose, pectin, raffinose, rhamnose, 
salicin, sucrose, starch and dextrin. 
No grow th in dulcitol, erythritol, manni¬ 
tol, sorbitol, glycerol, xylose and inulin. 

Starch is hydrolyzed. 

Limits of growth: pH 5.9 to 9.0. 

Temperature relations: Optimum 
28®C. Good growth at 25®C. Moderate 
grow*th at 20® and 37®C. No growth at 
10® and 42®C. 

Facultative anaerobe. 

Distinctive characters: Digests agar 


rapidly; colonies sink through tb the 
glass of the Petri dish. Feb ling's solu¬ 
tion reduced by the liquefied agar. (Con¬ 
siderable change in viscosity of agar due 
to the digestion. 

Source: From a trickling filter receiv¬ 
ing creamery wastes. 

Habitat. Probably widely distributed 
in nature. 

2. Agarbacterium bufo .\ngst. (Puget 
Sound Biol. Sta. Pub., 7, 1929, 49.) 

Short rods with rounded ends, 0.6 by 
0.8 micron, occurring singly and in pairs. 
Non-motile. No capsules Gram-nega¬ 
tive. 

Fish gelatin stab. iStratiform liciuefac- 
tion, growth best at top. 

Fish gelatin colonies. Girciilar, crateri- 
form, granular. 

Fish agar slant: .Vbuiidant, filiform, 
raised, glistening, opaque, yellow', mem¬ 
branous growth. 

Fish agar colonies. (Circular, concen¬ 
trically ringed, sunken, entire, granular, 
yellow to orange. 

Digests agar; cellulose not attacked. 

Potato: No growth. 

Plain milk unchanged, surface growth 
yellow'. 

Does not produce HsS or indole. 

Nitrites produced from nitrates. 

Acid from mannitol. No acid from 
.xylose, rhamnose, arabinose, glucose, 
sucrose or lactose. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 25° to 28°C. 
Maximum under 36°C. 

Source: Isolated from Odonthalia kamt‘ 
Hchatica. 

Habitat: On marine algae. 
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3. Agarbacterium reducans Angst. 
(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.6 by 
0.8 micron, occurring singly and in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonies: (Circular, sunken, 
entire, crateriform, granular. 

Fish gelatin stab; Crateriform lique¬ 
faction, growth only near surface. 

Fish agar slant; Abundant, filiform, 
flat, glistening, smooth, opaque, white, 
butyrous growth. 

Fish agar colonies; Moderate, circular, 
smooth, flat, entire, granular, white to 
buff or colorless. 

Digests agar; cellulose not attacked. 

Fish broth; Turbid, no sediment, no 
surface growth. 

Potato: No grow th. 

Nitrites produced from nitrates. 

No IIor indole formed 

Plain milk unchanged. 

Acid from sucrose, arabinosc, rham- 
nose and mannitol. No acid from xylobc 
or lactose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25' to 28'T'; 
thermosensitivc. 

Source; l8t)lated from Sercocifstis 
luetkeana. 

Habitat; On marine algae. 

4. Agarbacterium viscosum .\ngst. 
(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.6 to 
0.8 micron, occurring singly or in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonies. (Circular, sunken, 
entire, crateriform, granular. 

Fish gelatin stab: Stratiform liquefac¬ 
tion, growth best at surface. 

Fish agar slant; Abundant, raised, 
glistening, smooth, opaque, gray, vesicu¬ 
lar, viscid growth. 

Fish agar colonies: Circular, con¬ 
toured, raised, lobate, granular, fluores¬ 
cent green. 

Digests agar; cellulose not attacked. 


Fish broth; Flocculent pellicle, turbid, 
no sediment, fluorescent green. 

Potato: Abundant, filiform, glistening, 
smooth, yellowish-brow'n, butyrous 
growth. 

Nitrites produced from nitrates. 

No H 2 S or indofe formed. 

Plain milk unchanged; surface growth 
greenish. 

No acid from rhamnose, sucrose, lac¬ 
tose, mannitol, xylose or arabinosc. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 20° to 28®C; 
thermosensitivc. 

Source: Isolated from Iridaea cordaia. 

Habitat: On marine algae. 

5. Agarbacterium mesentericus Angst. 
(Pug(‘i Sound Biol. Sta Pub., 7. 1929, 
49.) 

Short rods with lounded ends, 0.6 by 
0.8 micron, f>ccurring singly or in pairs. 
Motile Xo capsules. Orem-negative. 

Fish gelatin stab: Infundibuliform 
iKlucfaction; growth host at top. 

Gelatin colonies: Circular, sunken, 
irregular, crateriform, granular. 

Fish agar slant: Abundant, filiform, 
raised, glistening, finely wrinkled wdien 
old or dry, opaciuo, buff, membranous 
grow th. 

Fish agar colonies C'ircular, concen¬ 
trically ringed, flat, entire, granular, 
white to huff. 

Digests agar; cellulose not attacked. 

Fish broth: Membranous pellicle, 
moderate clouding, no sediment. 

Potato: Spreading, raised, glistening, 
wrinkled, buff to yellowish, membranous 
grow th. 

Does not produce II jS or indole. 

Nitrites not produced from nitrates. 

Plain milk unchanged. 

.\cid from mannitol. No acid from 
.xylose, rhamnose, arabinose, glucose or 
lactose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 20® to 28®C; 
thermosensitivc. 
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Source: Marine algae; isolated from 
Nercocystia luetkeana. 

Habitat: On marine algae. 

6. Agarbacterium aurantiacum Angst. 
(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.6 to 
0.8 micron, occurring singly or in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonies: Circular, sunken, 
crateriform, entire. 

Fish gelatin ^tab: Stratiform liquefac¬ 
tion, no growth along line of stab. 

Fish agar slant: Abundant, filiform, 
flat, glistening, smooth, opaque, orange, 
butyrous growth. 

Fish agar colonies: Circular, smooth, 
flat, erose, sunken, granular. 

Digests agar; cellulose not attacked. 

Fish broth: Membranous pellicle,tur¬ 
bid, no sediment. 

Plain milk unchanged; surface growth 
orange. 

Potato: Abundant, filiform, flat, dull, 
smooth, orange, butyrous growth. 

Nitrites not produced from nitrates. 

No HiS or indole formed. 

Acid from lactose and mannitol. No 
acid from .xylose, rhamnose, arabinose, 
glucose or sucrose 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 20° to 28°C; 
thermosensitive. 

Source: Isolated from Porphijra per¬ 
forata. 

Habitat: On marine algae. 

7. Afsrbacteritsm cyanoldes Angst. 
(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.8 by 
1.4 microns, occurring singly or in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonies: Circular, sunken, 
entire, crateriform, granular. 

Fish gelatin stab: Stratiform liquefac¬ 
tion, growth only at top. 

Fish agar slant: Abundant, filiform, 
raised, glistening, smooth, opaque, gray, 
butyrous growth. 


Fish agar colonies: Circular, smooth, 
flat, lobed, granular, greenish to yel¬ 
lowish. 

Digests agar; cellulose not attacked. 

Fish broth: Flocculent pellicle, turbid, 
no sediment, fluorescent green. 

Potato: .Vbundant, filiform, raised, 
glistening, smooth, buff, butyrous 
growth. 

Nitrites not produced from nitrates. 

No HjS or indole formed 

Plain milk acidified, greenish surface 
growth. 

Acid from sucrose. No acid from xy¬ 
lose, arabinose, glucose, lactose, manni¬ 
tol or rhamnose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 20° to 28°C; 
thermosensitive. 

Source: Isolated from Iridaca cordata. 

Habitat: On marine algae. 

Noth: Seven additional species arc 
described with as much detail by Angst 
(loc. cit ) as are the six above species; 
but he refers to them only as Agarbac- 
terium Nos. 5, 6, 7, 8, 9, 13, 14, and 15. 
All digest agar. 

8. Flavobacterium uliginosum ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5, 1944, 
263.) From Latin uligo, ooze or moist 
mud. 

Rods: 0.4 to 0.6 by 1.2 to 3.9 microns, 
some slightly curved, occurring mostly 
singly with some short chains. Non- 
motile. Gram-negative. 

All differential media e.xcept the fresh¬ 
water broth, litmus milk, and potato 
were prepared with sea water. 

Gelatin colonies: 1 mm, orange, 
sunken. 

Gelatin stab: Infundibuliform lique¬ 
faction. Yellow pigment. Gelatin dis¬ 
colored brown. 

Agar colonies: Sunken, uneven, irregu¬ 
lar, gummy colonies which liquefy agar. 
Produces orange to yellow pigment and 
discolors agar brown. 

Agar slant: Luxuriant, yellowish- 
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orange, glistening, filiform, adherent 
growth which slowly liquefies agar. 

Sea-water broth: Dense yellow pellicle, 
moderate turbidity, slightly viscid sedi¬ 
ment. 

Fresh-water broth : No visible growth. 
Litmus milk: (Completely decolorized, 
neutral. 

Potato: No visible growth. 

Jndole not formed. 

Nitrates rapidly reduced to nitrites. 
Produces acid but no gas from xylose, 
glucose, maltose, lactose, sucrose and 
salicin. Does not ferment glycerol or 
mannitol. 

Starch not hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia pro<luced from peptone but 
not from urea. 

Casein digested. 

Fats not hydrolyzed. 

Agar liquefied rapidly. However, 
after prolonged laboratory cultivation 
this organism gradually loses its ability 
t(^ digest agar. 

Aerobic, obligate. 

Optimum lemperaturt* 20'’ to ‘25X- 
Source: Marine bottom deposits. 

0. Flavobacterlum amocontactum Zo- 
Bell and Allen. (Jour, liact , 29^ 1935, 
246.) From Latin amo, to love and con- 
lactus, touching, contacting 
Slender rods: 0.4 to 0.7 by 1.6 to 2.3 
microns, with rouiuied (uids, occurring 
singly and in irregular clump.s. Stain 
very lightly. Possess well-detined cap¬ 
sules. Actively motile by means of peri- 
trichous flagella. (Jram-negative. 

Gelatin stab: Good filiform growth 
with rapid saccate liquefaction. 

Agar colonies: Circular, 2 0 to 4.0 mm 
in diameter, yellow. 

Agar slant: Abundant, filiform, 
smootli, Klistcniiig, abundant, bright 
yellow growth having a butyrous con¬ 
sistency. Originally liquefied agar, but 
this property was lost following artificial 
cultivation. 

Sea water broth: Good growth with 
ring at surface. Strong turbidity and 
abundant viscid sediment. No odor. 


Milk: No growth. 

Potato: No growth. 

Potato dialyzed in sea water: Slight 
yellow growth. 

Indole not formed. 

Nitrites produced from nitrates. 
Ammonia liberated from peptone. 
Hydrogen sulfide produced. 

No acid from glucose, lactose, sucrose, 
xylose or mannitol. 

Starch not attacked. 

Optimum reaction pH 8.0. 

Optimum temperature 18® to 21®C. 
Facultative aerobe. 

Distinctive character: Adheres firmly 
to submerged glass slides; cannot be 
removed with running w^ater. 

Source: Many cultures isolated from 
glass slides submerged in sea w^ater. 
Habitat: Sea water. 

Appendix II; Another species de¬ 
scribed recently is: 

Bacillus ezedens Wieringa. (Wicr- 
inga, Jour. Microbiol, and Serol., 7, 
1941, 121; Bacillus agar-exedens Wier- 
inga, idem.) From stable manure, leaf- 
mold and soil. Liquefies agar. 

37. Bacterium chltinophllum Hock. 
(Jour. Marine Res., 1941, 103.) From 
M. L., chitin and Greek philos, loving. 

Short rods: 0.35 to 0.65 by 0.95 to 1.5 
microns. Motile. Gram-negative. 

Sea water gelatin: Liquefaction; 
growth absent in stab but abundant in 
liquefied zone. 

Sea water agar plate: Colonies circu¬ 
lar, smooth, entire, raised, white. 

Sea water liquid medium: Moderate 
growth, sometimes with formation of 
ring or pellicle. Scant granular sedi¬ 
ment. 

Decomposes natural chitinous material 
such as horseshoe crab shells and also 
purified chitin. 

Four out of five strains produce ni¬ 
trites from nitrates. 

Acid from glucose and usually from 
sucrose, glycerol and mannitol. One of 
five cultures produced acid from lactose. 
Does not digest cellulose. 
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Does not hydrolyze starch. 

Does not produce hydrogen sulfide. 

Aerobic. 

Optimum temperature 20®C. 

Source: From the shell of a decom¬ 
posing horseshoe crab, Limulus poly- 
phemuSy&nd from the intestinal tracts of 

Venus mercenaria, Ovalipes ocellatus, 
Muslelus mustelus and Spheroides ma- 
culaius. 

Habitat: Common in marine sand, 
mud and water. 

38. Bacterium chitinochroma Hock. 
(Jour. Marine Res., 4> 1941, 105.) 

Short rods: 0.45 to 0.75 by 0.90 to 1.4 
microns. Motile. Cram-negative. 

Sea water gelatin: Active liquefaction; 
no growth in stab, but thick bright yel¬ 
low growth throughout the liquefied 
zone. 

Basic agar plate: Colonies circular, 
smooth, entire, raised, varying in color 
from lemon to deep orange. 

Basic liquid medium: .Vbundant 
growth with production of pellicle. 
Scant granular sediment, increasing with 
age of culture. 

Decomposes natural chitinous material 
such as horseshoe crab shells and also 
purified chitin. 

Does not produce nitrites from ni¬ 
trates. 

Acid from glucose and sucrose, but 
not lactose, glycerol and mannitol. 
Does not digest cellulose. 

Hydrolyzes starch. 

Does not produce hydrogen sulfide. 

Aerobic. 

Optimum temperature 20X\ 

Source: From the intestinal tract of 
the squid, Loligo pealeii. Common. 

Habitat: Marine sand, mud and water. 

Appendix I: The first species of chitin- 
ovorous bacteria that w'as described and 
named w'as placed in the genus Bacillus 
because it w'as a motile rod. 

1. Bacillus chitinovorus Benecke. 
(Bot. Zeitung, 6S, 1905, 227.) From 
M. L. chitirif chitin; varus, devouring. 


Rods: 0.75 by 2.0 microns. Sometimes 
in pairs and chains. Motile with peri- 
trichous flagella. Gram-negative. 

Gelatin stab: Liquefaction. 

Mineral agar containing chitin: Good 
growth if no sugar is added to produce 
acid. Xon-chromogenic. 

Peptone mineral agar containing 
chitin: Good growth if reaction is neutral 
to slightly alkaline. 

Salt in concentrations up to IJ per 
cent is favorable for growth. Ma.ximum 
4 per cent. 

Peptone broth: Turbid with heavy, 
slimy, whitish to brownish pellicle. 

Nitrites produced from nitrates. 

Ammonia produced in peptone-chitin 
media. 

Acid from glucose and sucrose. 

Optimum temperature 20®C. 

Source: Isolated at Kiel from media 
containing decomposing crab shells and 
from media containing purified chitin; 
also from soil. 

Habitat: Brackish water and soil. 

Notes: Bacillus tumescens Zopf, Ba¬ 
cillus cohaerens Gottheil, Bacillus pro- 
leus vulgaris Kruse, Bacillus call com¬ 
munis Sternberg, Bacillus fluorcsccns 
Itqiufaciens Fltigge, Bacillus megathe¬ 
rium Do Hary, Vibrio aquatilis (Ittnther 
and Spirillum rubrum von Ksmarch did 
not attack chitin under the conditions 
tested by Benecke Hoc. cil.). 

Benton (Jour. Bact., 29, 1935, 449) 
describes but does not name 17 types of 
chitinovorous bacteria isolated from 
v^ater, mud and plankton of fresh water 
lakes, from decaying May fly nymph 
shells, intestinal contents of fish, frogs, 
bats, snipe, and crayfish. Also shore 
soil, composts, etc. Twelve types are 
reported to be monotrichous, two are 
peritrichous and three, position of 
flagella not stated. Of two Gram-posi¬ 
tive types, one may have been a spore- 
former and the other a Corynebacterium, 
Tw'o types digested cellulose. 

ZoBell and Rittenberg (Jour. Bact., 
SS, 1938, 275) isolated and studied but 
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did not name 31 cultures of chiiinoclastic 
bacteria from marine sources. Out of 
16 cultures studied intensively, all were 
Gram-negative. All but 4 of the 31 
cultures were motile. One culture was 
a coccus and two species were vibrios. 
None digested cellulose. 

^39. Bacterium phosphoreum (Cohn) 
Molisch. (Micrococcus phosphoreus 
Cohn, see letter addressed to J. Perm, 
Vcrzameling van stukken betrelTcnde het 
geneeskundig staatstoozicht in Neder¬ 
land, 1878, 126; Bacterium phosphores- 
cens Fischer, C’ent. f. Bakt , 3, 1888, 107; 
Pkotobactenum phosphorescens Beijer- 
inck, Arch. N^crl. d. Sci. Exactes. BS, 
1880, 401; Streptococcus phosphoreus 

Trevisan, I generi e le specie delle 
Batteriacec, 1889, 31; Bacillus phos- 
phoreus Mac4, Trait<5 de Bact., Paris, 
4th ed., 1901, 995; Micrococcus phos¬ 
phorescens Chester, Man. Detenn. Bact., 
1901, 181; Molisch, Die Leuchtende 
Pflanzen, 1912, 66; Phoiohacter phos 
phoreum Bcijerinck, Folia Microbio 
logica. Delft, 4, 1916, 15; Photobaebnum 
phosphoreum Ford, Textl). of Bact., 
1927, 615.) 

Description from Fischer Hoc. cit.). 

Coccobacilli: Occur frequently as 
zooglea. Non-motile, Stain lightly 
with aniline dyes. 

Gelatin: No liquefaction. 

Gelatin streak: Gray white growth. 

Broth: No growth. 

Milk: No growth. 

Potato: No growth. 

Ferments carbohydrates. 

Blue-green phosphorescence.^ 

Minimum temperature 6^C. Maxi 
mum 26®. Optimum for luminescence 
10®C. 

Aerobic, facultative. 

Source: Isolated from luminous hsh. 

Habitat: Found commonly on dead 


40. Bacterium phosphorescens Indlge- 

nus (Eisenberg) Chester. (Einheim- 
ischer Leuchtbacillus, Fischer, Cent. f. 
Bakt., 3, 1888, 107; PhotobacUrium 
fischeri Beijerinck, Arch. N^rl. d. Sci. 
E.xactes, 23, 1889, 401; Bacillus fischeri 
Trevisan, I genori e le specie delle 
Batteriacce, 1889, 18; Bacillus phos¬ 
phorescens tndtgenus Eisenberg, Bakt. 
Diag., 3 Aufl., 1891, 124; Vibrio fischeri 
Lehmann and Neumann, Bakt. Diag., 

1 Aufl., 2, 1896, 342; Chester, Ann. Rept. 
Del. Col. Agr. E.xp. Sta., 9, 1897, 121; 
Microspira fischeri Chester, Men. De¬ 
term. Bact., 1901, 333; Spirillum phos- 
phorescens Holland, Jour. Bact., 5, 1920, 
225; Vibrio phosphorescens Holland, 
ibid., 226; Achromobacier fischeri Bcrgey 
et al.. Manual, 3rd cd., 1930, 220.) 

Dej^cription from Fischer (loc. cit.). 

Short thick rods: 0.4 to 0.7 by 1.3 to 
2.1 microns, with rounded ends, occur¬ 
ring singly and in pairs. Motile. Stain 
with the usual aniline dyes. 

Johnson, Zworykin and Warren (Jour. 
Bact., 46, 1943, 167) made pictures with 
the electron microscope of a culture 
which they identify with this species. 
The organisms have a tuft of polar fla¬ 
gella, indicating that this species belongs 
in the genus Pseudomonas. 

Gelatin stab: Liquefaction. 

Gelatin colonies: Liquefaction. After 
one week, circular, 1 mm in diameter, 
entire. 

Broth: No growth. 

Milk: No growth. 

Blood serum: No growth. 

Potato: No growth. 

Cooked fish: Abundant growth. En¬ 
tire surface covered with a gray-w^hite, 

slimy, phosphorescent mass. ^ 

Temperature relations: Minimum 5 
to 10®C. Optimum 22®C. 

Aerobic. 

Source: From sea w^ater at Kiel and 
from herring. 


sh, meat, etc. 



634 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Habitat: Live on dead fish and in sea 
water. 

41. Bacterium hemophosphoreum 
Pfeiffer and Stammer. (Pfeiffer and 
Stammer, Ztschr. f. Morph, u. Okol. d. 
Tiere, fiO, 1930, 136; Brucella (/) haemo- 
phoephoreum Pribram, Klassihkation der 
Schisomyceten, Leipzig und Wien, 1933, 
67.) 

Rods: 1.0 by 4.5 microns, the size 
varying with the medium. Seem to show 
bipolar staining. 

Fish agar with 3 per cent soa salt: 
Good growth. 

Litmus milk: Acid. Reduction. 

Potato: Yellow growth, medium be¬ 
coming orange. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid from glucose, sucrose, lactose, 
maltose, galactose, mannitol and fruc¬ 
tose. 

Phosphorescent. 

Pathogenic for other insects. 

Source: Isolated from the blood of 
diseased larvae of the mealworm, Tenr- 
brio molitor. 

Habitat; From diseased insect larvae. 

Appendix 1: The following phospho¬ 
rescent species have been described in 
the literature. Many are incompletely 
described and they have been placed in 
various genera without adequate study. 

Achromobacter argenieophosphorescens 
(Katz) Bergey et al. ( Bacillus argenteo- 
phosphorescens /, Katz, Cent. f. Bakt., 
9, 1891, 157; Bacterium argenteo-phos- 
pJtorescens Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., P, 1897,121; Bacillus 
argenteo-phosphorescens Wignlsky Syst. d. 
Bakt., F, 1900, 869; Photobacillus 1, 
Miquel and Cambier, Trait4 de Bact., 
Paris, 1902, 881; Bergey et al.. Manual, 
3rd ed., 1930, 221.) From sea water in 
Elizabeth Bay, Sydney, Australia. Sil¬ 
ver-white luminescence. Probably a 
variety of Photobacterium fischeri Beijer- 
inck, according to Katz. 

AchromobaeUr eyaneophosphorescens 


(Katz) Bergey et al. {Bacillus cyaneo- 
phosphorescens Katz, Cent. f. Bakt., F, 
1891, 158; Photobacterium cyaneum Lud¬ 
wig, according to Kruse, in FlUgge, Die 
Mikroorganismen, 3 Aufl., F, 1896, 331; 
Photobacterium cyano-phosphor escens 
(sic) Ford, Textb. gf Bact., 1927, 619; 
Vibrio cyaneo-phosphorescens Lehmann 
and Neumann, Bakt. Diag., 7 Aufl., f, 
1927, 543; Bergey et al., Manual, 3rd ed. 
1930, 221.) From sea water in Little 
Bay, near Sydney, Australia. Bluish- 
green luminescence. Identical with or 
similar to Photobacterium indicum Beijer- 
inck, according to Katz. 

Achromobacter luminosum Bergey et 
al. (Bacillusargcntco-phorphorescens II, 
Katz, Cent. f. Bakt., fl, 1891, 157; Bac- 
terium argenteo-phosphorescens Migula, 
Syst. d. Bakt.. f, 1900, 435; Photobacil¬ 
lus II, Miquel and Cambier, Traits de 
Bact., Paris, 1902 , 882; Bergey ct al., 
Manual, 3rd ed., 1930, 226.) From fish 
obtained in the market. Greenish-silver 
luminescence. 

Achromobacter phosphoreum (Migula) 
Bergey et al. (Bacillus argenteo-phos¬ 
phorescens liquefaciens Katz, Cent. f. 
Bakt., 9y 1891, 157; Bacillus phosphoreus 
Migula, Syst. d. Bakt., 2, 1900, 867; 
Bergey et al.. Manual, 3rd ed., 1930,222.) 
From sea water along the coast near 
Sydney, Australia. Luminescence 
slight. Probably identfcal with Photo- 
bacterium luminosum B eijerinck! 

Achromobacter phosphoricum (Migula) 
Bergey et al. (Bacillus argenteo-phos¬ 
phorescens III, Katz, Cent. f. Bakt., 9, 
1891, 157; Bacillus phosphoricus Migula, 
Syst. d. Bakt., 2, 1900,870;Photobacillus 
III, Miquel and Cambier, Trait4 de 
Bact., Paris, 1902, 882; Bergey et al., 
Manual, 3rd ed., 1930, 223.) From 
cuttlefish (Sepia sp.) obtained in the 
fish market. Bluish-greenish-white 
luminescence. 

A chromobacter smaragdinophosphores- 
cens (Katz) Bergey et al. (Bacillus 
smaragdino-phorphorescens Katz, Gent, 
f. Bakt., 9, 1891,150; Bacterium smarag- 
dino phosphorescens Chestefi Ann. Kept. 
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Del. Col. Agr. Exp. Sta., 9, 1897, 124; 
BocicT ium ^^o,^o>odino~pho8phor€8C6n8 
Migula, Syst. d. Bakt., 9, 1900,435; Bac¬ 
terium 8margadinum (sic) Chester, Man. 
Determ: Bact., 1901, 181; Bergey et al.. 
Manual, 3rd ed., 1930, 225.) From her¬ 
ring in a fish market in Sydney, Aus¬ 
tralia. Green luminescence. Probably 
identical with Photobaclerium phosphor- 
escens Bcijcrinck. 

Bacillus fischeri Dyar. (Dyar, Ann. 
N. Y. Acad, bci., 5, 1895, 370; Bacterium 
fischeri Chester, Man. Determ. Bact., 
1901, 165.) Dyar added to the con¬ 
fusion in the nomenclature of phos¬ 
phorescent organisms by giving this 
name to four cultures received by him 
from the Krill collection labeled Photo- 
bacterium phosphor escenSf Photobac¬ 
terium balticunij Photobaclerium fischeri 
and Photobaclerium pflugeri. 

Bacterium chironomi Issatschenko. 
(Bulletin du Jardin Imperial botanique 
k St. Pdtcrsbourg, //, 1911, 37; Photo- 
bacterium chironomi Issatschenko, ibid., 
43.) A phosphorescent bacterium from 
a genus of midges, Chtronomus. 

Bacterium giardi (Kruse) Billet. 
(Giard and Billet, Compt. r^nd. Soc. 
Biol., Paris, 1889 , 593; Phoiobacterium 
pathogenicum Giard, quoted from Eijk- 
mann, see abst. in Cent. f. Bakt., 12, 
1892,656; Photobacterium giardi Kruse, in 
Fltiggc, Die Mikroorganismen, 3 Aufl., 
f, 1896, 333; Bacillus phosphorescens 
giardi Kruse, idem; Bacterium phos¬ 
phorescens giardi Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 125; 
Billet, Bull. Sci. France et Belgique, 21, 
1898, 144; Bacterium phosphorescens- 
giardi Chester, Man. Determ. Bact., 
1901, 182.) Pathogenic for marine crus¬ 
taceans. 

Bacterium hippanici Issatschenko 
(loc. ciC, 47). From fresh water fish. 

Bacterium lucens (van Tieghem) 
Nticsch. (Micrococcus lucens van Tieg¬ 
hem; Ntiesch, Karsten's Deutsche Flora, 
1880; quoted from Ludwig, Cent. f. 
Bakt., 1887, 375.) From luminous 


meat. Considered identical with Bac¬ 
terium phosphoreum. 

Bacterium luminosus (Beijerinck) 
Chester. (Photobacterium luminosum 
Beijerinck, Arch. N4erl. d. Sci. Exactes, 
28, 1889, 401; Vibrio luminosus Beijer¬ 
inck, Bot. Zeit., 1889, 763, according to 
Trevisan, I generi e le specie delle 
Batteriacee, 1889,23; Bacillus luminosus 
DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8,1889, 982; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 121; Microspira luminosa Migula, 
Syst. d. Bakt., 2, 1900, 1015; Photobacter 
lumtnosum Beijerinck, Folia Microbio¬ 
logies, Delft, 4, 1916, 15.) From sea 
water. 

Bacterium pelagia Dubois. (Dubois, 
Compt. rend. Acad. Sci., Paris, 107, 
1888, 502 and 111, 1890, 363; Bacillus 
pelagia DeToni and Trevisan, in Sac¬ 
cardo, Sylloge Fungorum, 8, 1889, 959.) 
Isolated from the surface of Pelagiae 
noctilucae. 

Bacterium pfluegeri Ludwig. (Lud¬ 
wig, Ztschr. f. wissensch. Mikrosk., 1, 
1884, 181; Micrococcus pfliigeri Ludwig, 
Iledwigia, No. 3, 1884; Arthrobacterium 
pflugeri DeBary, 1887; Photobacterium 
pjlugeri Beijerinck, Cent. f. Bakt., 8, 
1890, 617; Bacterium phosphorescens 
pjlugeri Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 125.) From fish 
and meat. Considered identical wdth 
Bacterium phosphoreum. 

Bacterium pholas Dubois (Compt. 
rend. Acad. Sci., Paris, 107, 1888, 502.) 
Isolated from Pholadis dactyli. 

Bacterium phosphorescens Hermes. 
(Hermes, Sitzungsber. naturf. Freunde, 
April 19, 1887, quoted from Cent. f. 
Bakt., 2, 1887, 404; Bacillus hermesi 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1889, 18.) From sea w'ater. 
Mac4 (Trait6 de Bact., Paris, 4th ed., 
1901, 994) says this may be the same as 
Micrococcus phosphoreus Cohn. Emer¬ 
ald-green luminescence. 

Bacterium phosphorescens gelidus 
(Eisenberg) Chester. (Phosphoresciren- 
den Mikroorganismen, Forster, Cent. f. 
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Bakt., t, 1887, 337; Bacillus phosphores- 
eens gelidus Eisenborg, Bakt. Diag., 
3 Aufl., 1891, 182; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 125.) 
From phosphorescent sea fish. Fischer 
(Cent. f. Bakt., 18i^, states that 
this organism is the same as his Bac¬ 
terium phosphoresce ns. 

Coccobacillus acropoma Yasaki anil 
Haneda. (Yasiiki and Haneda, 1936; 
quoted from Harvey, Living Light, 
Princeton, 1940, 33.) From a fish (Arro- 
poma japonicum). 

Coccobacillus coelorhynchiis. (Studied 
by Hsu, Sei-i-kai Med. Jour., 56, 1937,1; 
quoted from Harvey, Annual Rev. of 
Biochem., 10, 1941, 543.) Frf»ni a deep- 
sea fish (Coclorhynchus sp.). 

Coccobacillus ikiensis. (Quoted from 
Harvey, Living Light, Princeton, 1940, 
263.) 

Coccobacillus loligo Kishitani. (Kish- 
itani, Proc. Imp. Acad. Tokyo, 4, 1928, 
69; quoted from Harvey, Living Light, 
Princeton,. 1940, 35.) From the squid 
(Loligo edulis). 

Micrococcus cyanopkos. (Studied by 
Claren, Ann. d. Chemie, 635, 1938, 122; 
quoted from Harvey, Living Light, 
Princeton, 1940, 184.) 

Micrococcus physiculus, ((Juoted 

from Harvey, Living Light, 1940, 34.) 
The cause of luminescence of a fish 
(Physiculus japonievs^. 

Microspira phosphoreum Yasaki. 

(Yasaki, see Sei-i-kai-zasshi, 4^, 1926; 
quoted from Harvey, Living Light, 1940, 
2^.) Caused luminescence of a fre.sh- 
water shrimp in Japan. 

Photobacter hollandiae Beijerinck. 
(Proc. Sect. Sci., Kon. Akad. v. We- 
tensch., Amsterdam, 3,1900,352.) Simi¬ 
lar to Photobacierium luminosum. 

Photobacter hollandtcum Beijerinck. 
(FoliaMicrobiologica, Delft, 4» 1^-) 

Photobacter hollandicum parvum 

Beijerinck. (Folia Microbiologica, 
Delft, 4. 1916, 15.) 

Photobacter splendidum Beijerinck. 
(Beijerinck, Proc. Sect. Sci., Kon. Akad. 
V. Wetensch., Amsterdam, 5 , 1900, 352; 


Vibrio splendidus Lehmann and Neu¬ 
mann, Bakt. Diag., 7 Au6., 9, 1927, 543; 
Photobacierium splendidum, quoted from 
Harvey, Living Light, Princeton, 1940, 
204.) May be a variety of Photobac¬ 
ter i urn indicum. 

Photobacter splendor maris Beijerinck. 
(Proc. Sect. -Sci., Kon. .Akad. v. We¬ 
tensch., .Amsterdam, S, BKX), 352.) 
May he a variety of Photobacterium 
indicum. 

Photobacterium Beijerinck. (Beijer¬ 
inck, Arch. X^crl. d. Sci. E.xactcs, 23, 
1889, 401; Photobacter Beijerinck, Proc. 
Sect. Sci., Kon. Akad. v. Wetensch., 
Amsterdam, 3, 19(X), 352; Photospirillum 
Miquel and (‘ambicr, Traitti de liact., 
Paris. 1902, 888; Pholomonas Orla-Jcn- 
sen. Jour. Bact., 6, 1921, 271.) Photo- 
bacterium phosphorescens is the type 
species of this genus. See Bacterium 
phosphoreum. Sc'veral species are 
plac€»d in this genus by Fischer. 

Photobacierium annulare Fischer. 
(Fischer, Ergebnisse d. Plankton-Ex¬ 
pedition d. Humboldt-Stiftung, 4» 1894, 
41; Microspira annularis Migula, Syst. 
d. Bakt., 2, 1900,1014.) From sea water. 

Photobacierium bnlticum Beijerinck. 
(Kinheimischer Lcuchtbacillus, Fischer, 
Cent. f. Bakt., 3, 1888, 105; Beijerinck, 
Akad. V. Wetenschappen, .Afdeel. Na- 
tqurk., 2de Reeks, 7, 1890, 239; sec abst. 
in Cent. f. Bakt., 8, 1890, 617; Vibrio 
balticns Lehmann and Neumann, Bakt. 
Diag., 1 .Aufl., 2, 18%, 3-11.) From water 
of the Baltic Sea. The relationship of 
Photobacierium balticum to Bacterium 
phosphorescens indigenus is not clear. 
The former species is based on a culture 
sent by Fischer to Beijerinck labeled 
Kinheimischer Lcuchtbacillus which 
Beijerinck considered to be different 
from his Photobacierium fischeri. 

Photobacierium caraibicum Fischer. 
(Fischer, loc. cit., 1894 , 41; Microspira 
caraibica Migula, loc. cit., 1015.) From 
sea water. 

Photobacierium coronatum Fischer. 
(Fischer, loc. cit., 41; Microspira corona to 
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Migula, loc, cit., 1013.) From sea 
water. 

Fhotobacterium degenerans Fischer, 
(tischer, loc. cU.j 37; Microspira de- 
generans Migula, loc. ctt.. 1015; Iiacdlu.H 
degencrans Heijorinck, Folia Micro!>io- 
logica, Delft, I, 1912, 1 ) From sea 
water 

Photohactenum delgadtnuv Fischer. 
(Fischer, loc. cit , 37; Mievonpun dehjo- 
Migula, loc cit., 1014 ) From sea 

water. 

Photohacterium glutinosum Fischer 
(Fischer, loc. at , 41; Microspira gluh- 
nosa Migula, loc. at , 1014 ) From sea 
water. 

PhotobacU ruim hirftutinn Fischer 
(loc. at ,41). From marine fish. 

Photobactenum pnpillarv Fischer. 
(Fischer, loc at , 11; Micr<h<ip{fa pnpil- 
lariH Migula, h/c. at., 1010 ) Fnun sea 
water. 

Photobactcruim m puu ((Quoted from 
1 loiidorofT, Jciur Hacf . 1912, 451, 

who obtained a culture* so labeled which 
hed c<»me from Frof Kluvv(*r’s coll**,* 
tion at i)(*lft / 

Photohdctai lun tufian.suni I’kscIkm* 

( Fisclu’r. ri( 37; Mlao.^p, rn tufn rn.'dt 
.Migula, Idc at. 1011, Photolutcte* 
tubnculatiim Heijf‘nn< k, Fobs Micro- 
biologica. Dc'lfl. 4. FOO, 15) From .m*;*, 
water. 

Psatdomontis foifOinrnsi.s, (t^ttoted 
from Harvey, Fi\ing Light, IVincc'tcui, 
1940, 203 ) 

Sarano uoctiluco Ibdh’r l Heller, 
.\reh. f. Fhy.'iiol , patli ('ht'm. u .Mikr , 
\ F., 6, 1S53 5-1. 11. .sc(* Ibirvey Lning 
Light. IVinceton, 1910, 0) From fish 
Possibly tin* same .ms Hnrft/ium phos 
phoraim Moliseh. 

12 Bacterium erythrogloeum Huhland 
and (Irohmann (Cent f. Pakt . 11 
Abf., 67, 1921, 250 i Fn»m (Ireeh mj- 
throH, red and ghdn, glue 

Hods*0.5b> 2.0 microns Xon-motilc. 
(I ram-negative. 

Cielatin plate. Bed, droplet -like 

colonies. 


Gelatin stab: No liquefaction. 

Agar plate: Red, droplet-like colonies. 

Agar slant; Raised, non-spreading, 
glistening, brick-red grow'lh. 

Potato: Abundant, brick-red, w'arty. 

.\erobic 

Facultative autotroph. 

O.xidizes hydrogen in an inorganic 
ni(‘dium under an atmosphere of H 2 , O 2 , 
and Produces a pellicle on the 

inorganic licjuid medium. 

Source - (/aloareous soil. 

Habitat. Probably widely distributed 
in soil. 

13. Bacterium lentulum Grohmann. 
(Gent f Hakt , II Abt., 67, 1924,256.) 

Rods.-O 5 by ! to2 microns. Motile by 
loTig thin pcritrichous flagella. Gram- 
n(‘gative. 

Gelatin plate, (’olonies appear like 
milk (bophds. 

Gelatin stab - No liquefaction. 

Agsii plate Tough, ochre yellow col¬ 
onies about 7 mm in diameter. 

A gill St 1 (‘ilk. Parchment-like, folded, 
\eliow sir(*ak about 1 cm broad. 

Potato Heavy, yidlow growth. 

A(‘robic 

Fi’cultativi' iiutotr()j>h. 

Oxidizes hvdrogeii in an inorganic 
m(*duim under iin {itm(>.sphere of II 2 , O 2 , 
iind (’().>. lVodiic(‘s a heavy folded 
]M‘llieh‘ on thi* inorganic liquid medium 

»Soun-e: Soil poor in lime. 

Habitat: Probably wididy distributed 
in soil 

44. Bacterium leucogloeum Ruhland 
and Grohmann. (Cent f. Bakt.. II 
\ I >t., 67 , 1 924, 25G.) From (1 roek Ic u koi ^. 
while and (/lota. glue. 

Rods 9 5 by 0.7 to 52 (?) mierons. 
Motile by nmans of peritriidious flagella. 

Gelatin stab No li(iU("faetion. 

Agar streak: Wide, slimy, wet, ivory- 
eolon'd growth 

Potato Gra> -brown slime. 

Aerobic. 

Facultative autot roph. 

Oxidizes hydrogen in an inorganic 
medium under an atmosphere of II 2 , On, 
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and COi. Produces a pellicle on the 
inorganic liquid medium. 

Source: Calcareous soil. 

Habitat: Probably widely distributed 
in soil. 

*45. Bacterium stewartil Erw. Smith. 
(Sweet corn bacillus, Stewart, N. Y. 
Agr. Exp. Sta. Bui. 130, 1S97, 423; 
Pseudomonas stewarti Smith, Proc. A. A. 
A. Sci., ISDS, 422; Smith, Bact. in 
Rel. to Plant Dis., 5, 1914, 89; Aplano- 
bacter steivarti McCulloch, Phytopath., 
8, 1918, 440; Bacillus stewarti Holland, 
Jour. Bact., 5, 1920, 220; Phytomonas 
stewartii Bcrge\' et al.. Manual, 1st ed., 
1923, 192.) Named for F. C. Stewart, 
American plant pathologist. 

Description from Smith, U. S. Dept. 
Agric., Div. Veg. Phys. and Path., Bui. 
28, 1901. 

Rods: 0.4 to 0.7 by 0.9 to 2.0 microns. 
Capsules. Non-motile (McCulloch, loc. 
cii.). Gram-negative. 

Gelatin: No liquefaction. 

Nutrient agar colonies: Small, round, 
yellow colonies. 

Broth: Growth feeble with whitish 
ring and yellow precipitate. 

Milk: Yellow ring but no visible action 
on the milk. Slightly acid. 

Nitrites not produced from nitrates. 
McNew (Phytopath., 1938, 773) 
states tliat less virulent strains assimi¬ 
late only organic nitrogen; those of 
intermediate virulence assimilate nitro¬ 
gen from inorganic salts without reduc¬ 
tion of nitrates to nitrites; virulent 
strains reduce nitrates to nitrites. 

Hydrogen sulfide not formed. 

Indole production slight or none. 

Reduction of methylene blue in Dun¬ 
ham's .Sfilution feeble or doubtful. 

Acid but no gas from glucose, galac¬ 
tose, sucrose, mannitol and glycerol. 
No acid from maltose. Acid from fruc- 
tose, arabinose and xylose (McNew, 
loc. cit.). 


Starch not hydrolyzed. 

Optimum temperature 30°C. Maxi¬ 
mum 39‘*C. Minimum 8®C. 

Optimum pH 6.0 to 8.0. Limits about 
pH 4.5 to 8.5. 

8 per cent salt restricts growth. 

Strict aerobe. 

Source: From wilted sweet corn 

Habitat: Pathogenic on corn, Zea 
tnays. Sweet corn very susceptible 
and field corn slightly so. 

40. Bacterium tardlcrescens Mc¬ 
Culloch. (McCulloch, Phytopath., F7, 
1937, 135; Phytomonas tardicrescena 

Burkholder, Phytopath., 27, 1937, 617.) 
From Latin, slow growing 

Rods: 0.6 to 0 8 by 1.58 microns. Mo¬ 
tile with a polar flagellum. Gram-nega¬ 
tive. 

Gelatin: No liquefaction. 

Beef-e\tract agar colonies: (’ircular, 
mustard yellow, edges entire, 1 to 1.5 
mm in diameter. 

Broth: Light clouding. 

Milk: Slightly alkaline. Clearing 
after 5 to 6 weeks. 

Nitrites are produced from nitrates. 

Indole not produced. 

No IIjS produced or feebly so. 

Acid but no gas from glucose, fructose, 
galactose, arabinose, xylose and rham- 
nose. Alkaline reaction from salts of 
citric, malic and succinic acid. 

Starch is not hydrolyzed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 52, 1942, 603). 

Optimum temperature 26®C. Maxi¬ 
mum 32®C. Minimum 6®C (McCulloch, 
Phytopath., 28, 1938, 648). 

Optimum pll 6.5 to 7.5. Grow th slight 
at 5.8 and 8.0 (Mc(-ulloch, loc. cit.). 

No grow'th with 3 per cent salt (Mc¬ 
Culloch, loc. cit.). 

Aerobic. 

Distinctive character: Very slow 
growler. 


•The section covering species of interest to plant pathologists has been pre¬ 
pared by Prof. Walter H. Burkholder, Cornell Univ,, Ithaca, New York, May, 1946. 
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Source : Isolated by McCulloch and by 
Burkholder from blighted iris leaves. 

Habitat: Pathogenic on Iris spp. 

47. Bacterium albilineans Ashby. 
(Ashby, Trop. Agr., Trinidad, 6, 1929, 
135j PhytoffioncLS albilinecLTis Magrou, in 
Hauduroy et al., Diet. d. Bact Path., 
Paris, 1937, 326.) From Latin, produc¬ 
ing white streaks. 

Description taken from Martin, Car¬ 
penter and Weller, The Hawaiian 
Planters* Record, 36, 1932, 184. 

Rods: 0.25 to 0.3 by 0.6 to 1.0 micron, 
occurring singly or in chains. Motile 
with a polaY flagellum. Gram-negative. 

Agar colonies: After 7 to 10 days, 
minute transparent drops, moist, shin¬ 
ing. Honey yellow to Naples yellow. 

Gelatin: No liquefaction. 

Milk: Growth, but no visible change 
in the milk. 

No growth with ammonium salts, ni¬ 
trates, or asparagine as a source of ni¬ 
trogen. 

No growth in peptone uater without 
carbohydrates. Invertasc secreted 

Starch is not hydrolyzed 

Optimum temperature about 25°C 
Maximum 37°C. 

Distinctive characters: DilTers from 
Xanihomonas vascular urn which produces 
n largo gummy type of colony, and which 
is a very active organism biochemically. 
The two pathogens also differ in the 
type of lesion they produce on sugai 
cane. 

Source: Isolated by 1). S North (Co¬ 
lonial Sugar Ref. ("o., Sidney, N.S 
Wales, Agr. Rept., 8, 1926, 1) from white 
stripe and leaf scald of sugar cane in 
Australia. 

Habitat: Vascular pathogen of sugar 
cane, Saccharum officinnrum. 

Appendix I: The following species 
have been described from diseased plant 
tissues but may not, in some cases at 
least, have been the cause of the disease. 

Bacillus betas Migula. (Kramer, Oes- 
terrcich. landwirtsch. Centralb., 1891, 


Heft 2 and 3; Migula, Syst. d. Bakt., 2^ 
1900, 779.) The cause of a disease of the 
sugar beet {Beta vulgaris). 

Bac. caryophyllacearum Dufrenoy. 
(Compt. rend. Soc. Biol., Paris, 81, 1918, 
920; probably there is an earlier reference 
to this species.) On Dianthus, Sapo- 
naria and Lychnis. 

Bacillus coffeicola Steyaert. (Rev. 
Zoo. et Bot. Afr., 22, 1932, 137.) From 
nodules on cofifee roots. 

Bacillus lacerans Migula. {Bacillus 
''If, Busse, Ztschr. f. Pflaiizenkr., 7, 18—, 
72; Migula, Syst. d. Bakt., 2, 1900, 780.) 
From diseased sugar beets. 

Bacillus maculicola Delacroix. (Dela¬ 
croix, Compt. rend. Acad. Sci. Paris, 
HO, 1905, 680; Bacterium maculicola 
Stapp, in Sorauer, Handb.'d. Pflanzen- 
krankheiten, 5 Aufl., 2, 1928, 276; Apian- 
obacter maculicola Elliott, Manual Bact. 
Plant Path., 1930, 8; Phytomonas nico¬ 
tian ae-laban Magrou, in Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 386.) From 
ftiscased spots on leaves of tobacco. 

Bac. nucleophyllus Dufrenoy. (Compt. 
rend. Soc. Biol., Paris, 81, 1918, 920, 
nomen nicdum.) On Rhododendron fer- 
rugineum. 

Bac. tritici Dufrenoy. (Compt rend. 
Soc. Biol., Paris, 81, 1918, 920, nomen 
nudem ; not Pseudomonas tritici Hutchin¬ 
son, India Dept, of Agr., Bact. Ser., 1, 
1917, 174.) On wheat. 

Bacillus vitis Monter.iartini. (Rev. 
Patol. Vcg., 6, 1913, 175.) Pathogenic 
on the grape {Vitis vinifera). 

Bacterium apii Brizi. (Lav. e Uelaz. 
d. Reg. Staz. di Patol. Veg., Roma, 
Gennio-Giugno, 15, 1896 and Atti R. Ac- 
cad. Naz. Lincei, Rend. Cl. Sc. Fis., 
Math, c Nat., Scr. 5, 6, 1897, 233.) 
Motile. From rot of celery. 

Bacterium betac Chester. (Bacterial 
parasite, Arthur and Golden, Indiana 
Agr. Exp. Sta., Bull. 39, 1892 , 61; Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta.jP, 1897, \2S; Bacillus arthuriMigolsi, 
Syst. d. Bakt., 2, 1900, 681.) Motile. 
From diseased sugar beet tubers. 

Bacterium briosianum Pavarino, 
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(Atti del. R. Accad. Naz. Lincci, Rend. 
Cl. Sci. Fis., Math, et Nat., fO, 1911, 
161.) Motile. From lesions on the 
vanilla vine. 

Bacterium castinicolum Cavara. 
(Rev. d. Pat. Veg., 7, 1914, 5.) Motile. 
From chestnut canker. 

Bacterium corylii Brzezinski. (Bull. 
Intern. Acad, des Sci. Cracovie, Cl. Sci. 
Math, e Nat., 1903, 139.) Motile. 

From diseased filbert trees. 

Bacterium dendrobii Pavarino. (Rev. 
di Pat. Veg., 5, 1912, 242.) 

Bacterium dianthi Chester. (Para¬ 
sitic bacteria, Arthur and Bolley, Purdue 
Univ. Agr. Exp. Sta., Bull. 59, 1896, 21; 
Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 106; Bacillus dianthi 
Chester, Man. Determ. Bact., 1901, 253; 
Pseudomonas dianthi E. F. Smith, U. S. 
Dept. Agr., Div. Veg. Phys. and Path., 
Bull. 28, 1901, 153.) Motile. From 
lesions on carnation leaves. 

Bacterium fid Cavara. (Ist. Bot. del. 
R. Univ. di Catania, Atti Acad. Giocii., 
18, Mem. 14,1905,1; Phytomonas (?) fid 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., 1937 , 354.) Motile. 

Causes a blight of figs. 

Bacterium lycopersici var. vitiati 
Strzalkowska. (Strzalkowska, Acta 
Soc. Bot. Poloniae, Warsaw, 7, 1930,611; 
Phytomonas vitiati Burkholder, in Man¬ 
ual, 5th ed., 1939, 216.) From rotting 
tomato. 

Bacterium mali Brzezinski. (Bull. 
Intern. Acad. Sci. Cracovie, Cl. Sci. 
Math, e Nat., 1903, 100.) Motile. 

From apple canker. 

Bacterium montemartinii Pavarino. 
(Rev. di Pat. Veg., 8, 1911, 65.) Motile. 
From wisteria canker. 

Bacterium (7) oncidii Peglion. (Peg- 
lion, 1809, quoted from Hauduroy et al., 
Diet. Bact. Path., 1937, 388; Bacillits 
onddii Stevens, 1913; Phytomonas (/) 
oncidii Hauduroy et al., idem,) From 
an orchid (Onddium sp.). 

Bacterium pint Chester. (Bacillus 
des tumeurs du Pin d’Alep, Vuillemin, 
Compt. rend. Acad. Sci., Paris, 707,1888, 
874 and 1184; BadUus vuillemini Trevi- 


san, I generi e le specie dclle Batteriacee, 

1889, 19; Chester, Ann. Rept. Del. Col. 
Agr. E.xp. Sta., 0, 1897, 127; Pseudo^ 
monas pini Petri, Ann. Ist. Supt. For. 
Naz. Firenze, 0, 1924, 187.) From galls 
on pine {Pinus halepensis). 

Bacterium putredinis Davaine. (Da- 
vaine, Baetdries, in Dictionnairc En- 
cyclop^dique des Sci. Mddicales, 1866; 
Bacillus putredinis Trevisan, Add. ad 
Gen., p. 36; see DeToni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
1025; not Bacillus putredinis Weinberg, 
Nativelle and Pr^vot, Les Microbes 
Ana^robies, Paris, 1937, 755.) Causes a 
soft rot of several plants. 

Bacterium pyr[ Brzezinski. (Bull. 
Internat. d. I’Acad. des Sci.de ('racovie, 
Cl. Sci. Math, e Nat., 1903, 130.) Mo¬ 
tile. From pear canker. 

Bacterium rubefaciens Burr. (Burr, 
.Vnn. App. Biol., 75, 1928, 570; Phyto¬ 
monas rubefaciens Magrou, in ILiuduroy 
et al., Diet. Bact. Path., 1937, 406; 
not Bacterium rubefaciens (Chester, Ann. 
Rept. Del. Col. Agr. Kxp. Sta., 8, 1897, 
115.) 

Bacterium suberfaciens Burr. (Burr, 
Ann. App. Biol., 75, 1928, 570; Phyto¬ 
monas suberfaciens Magrou, in Hauduroy 
et al., Diet. Bact. Path., 1937, 417.) 
Motile. From diseased potato tubers. 

48. Bacterium rubefaciens (Zimmer- 
mann) Chester. (Bacillus rubefaciens 
Zirnmermann, Die Bakterien unserer 
Trink- und Nutzwasser, C’hemnitz, 7, 

1890, 26; Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 8, 1897, 115; Erythro- 
bacillus rubefaciens Holland, Jour. Bact., 
8, 1920, 223; Serratia rubefaciens Bergey 
et al., Manual, Ist ed., 1923, 92;-Chromo- 
bacterium rubefaciens Topley and Wilson, 
Princ. Bact. and Iinmun., 7, 1931, 402.) 
From Latin ruber^ red and fado, to make. 

Rods: 1.0 to 1.6 microns in length, oc¬ 
curring. singly and in pairs. Actively 
motile. Gram-negative. 

Gelatin colonies: Minute, white. 

Gelatin stab: Surface growth yellow¬ 
ish, the medium taking on a red tinge. 
No liquefaction. 
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Agar colonieB: Small, white, with 
erose margin. 

Agar slant: White, smooth, glistening, 
somewhat luxuriant, the medium taking 
on a wine red color. 

Broth: Turbid with white pellicle, the 
medium slowly assuming a rcjddish tinge. 

Litmus milk: Acid, with slow coagula¬ 
tion and reduction of the litmus. Be¬ 
coming alkaline. 

Potato: A heavy, white, creamy layer, 
which later becomes yellowish-brown. 

Indole not produced. 

Xitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25°C'. No 
growth at 37®C. 

Habitat: Water. 

49. Bacterium nibidum (FJisenberg) 
Chester. {Bacillus rubidus Kiscnberg, 
Bakt. Diag., 3 Aufl., 1891,88; liactcnum 
rubidus (sic) Chester, Ann. Hept Del. 
(-ol. Agr, Exp. Sta., 9, 1897, 107 and 115; 
Serratia rubtda Levine and Soppeland, 
Iowa State Coll. Engineering f],xp. Sta 
Hull. 77, 1926, 53 ) From Latin rubidus, 
red. 

Description from Eisenberg {loc. cii.). 
Levine and Soppeland (/or. cU.) found 
an organism in buttermilk which they 
identified as Scrratia rubida. Their de¬ 
scription is more complete than that 
given by Eisenlierg but differs from the 
original in several respects. 

Hods: Medium size with rounded ends, 
often in long chains. Motile. 

Gelatin colonies: (Circular, finely gran¬ 
ular, entire, with reddish center Slow 
growth. 

Gelatin stab: Liquefaction. Brown¬ 
ish-red sediment. 

Agar colonies: Small, flat, smooth, 
amorphous, entire, brownish-red. Slow 
growth. 

Agar slant: Browmish-red streak. 
Spreading over surface. 

Potato: Browmish-red growth. 

Blood serum liquefied, red pigment. 

Aerobic, facultative. 

Does not grow well at 37*C. 

Source: Water. 


60. Bacterium laterlceum (Adametz) 
Lehmann and Neumann. {Bacillus la- 
iericeus Adametz, Die Bakterien der 
Trink- und Nutzwasser, Mitteil. der 
oestrr. Versuchsanst. f. Brauerei u. 
Malzerei in Wien, 1888, 50; Bacillus 
eriithraeus Trevisan' I generi e le specie 
delle Batteriacee, 1889, 19; Bacterium 
latericeiim Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896, 258; Serratia 
lalericea Bergey et al.. Manual, Ist ed., 
1923, 94.) From Latin latericeus, brick. 

Rods: 0.5 to 0.7 by 1.0 to 1.3 microns. 
Xon-motilo. Gram-negative. 

Gelatin colonies: Small, white, granu¬ 
lar, with slightly irregular margin. 

Gelatin stab: A thin, dry, spreading, 
cream-pink surface growth. No lique* 
faction. 

Agar colonies: Dry, glistening, whit¬ 
ish, wdth irregular margin. 

Agar slant: Brick-red, smooth, glis¬ 
tening, butyrous. 

Broth* Thick pellicle; fluid clear. 

Litmus milk: Alkaline. 

Potato. Brick-red streak. 

No gas from carbohydrate media. 

Indole not produced. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25° to 30°C. 

Habitat: Water. 

51. Bacterium alginicum Waksman, 
Carey and Allen. (Jour. Biu l., 28, 1934, 
213.) 

Rods short to almost spherical, 0.6 to 
1.0 micron in diameter. Sluggishly 
motile. Capsule-forming. Gram¬ 
negative. 

Alginic acid plate: White, finely 
granulated colonies, with entire margin. 
Does not clear up the turbidity in plate. 
Odor formed, resembling that of old 
potatoes. 

Alginic acid liquid medium: Thin 
pellicle, weak alginase formation. 

Sea water gelatin: Thin growth 
throughout gelatin stab, no liquefaction 
in 7 days at 18°C. 

Agar liquefaction: None. 

Sea water glucose broth; Uniform but 
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very limited turbidity; no pellicle; no 
sediment. 

Litmus milk containing salt: No ap¬ 
parent growth. 

Potato moistened with sea water: 
Moist, spreading growth, cream-colored; 
heavy sediment in free liquid at bottom. 

Starch plate: Limited, pale blue 
growth; no diastase. 

Aerobic. 

Optimum temperature 20®C. 

Source: From sea w-ater, and from the 
surface of algal growth. 

Habitat: Common in sea water. 

52. Bacterium terrestralglnicum Waks- 
man et al. (Waksman, Carey and 
Allen, Jour. Bact., 1934, 217.) 

Long rods, with somewhat rounded 
ends, usually single, but also in pairs, 
and occasionally in chains of shorter 
rods. 1.0 to 1.5 by 1.5 to 2 5 microns. 
Motile. Granular. Gram-negative. 

Alginic acid plate: Colonics small, 
whitish in appearance with a slight 
metallic sheen. 

Alginic acid liquid medium: Medium 
at first clouded. Later, a pellicle is 
formed on the surface of the medium, 
vrhich is soon broken up due to active 
gas formation. Reaction of medium 
becomes slightly alkaline. 

Gelatin medium: Slow* growth through¬ 
out stab, slow liquefaction at surface 
of medium at 18°C. 

Agar liquefaction: None. 

Glucose broth: Abundant turbidity, 
some sediment, no pellicle, slightly 
fluorescent. 

Litmus milk: Acid, milk coagulated, 
only limited digestion of coagulum. 

Potato: Abundant, pinkish, compact, 
dry growth on surface of plug, the rest 
of plug becoming gray, with a tendency 
to darkening. 

Starch plate: Limited growth along 
streak, no diastase. 

Aerobic to facultative anaerobic. 

Optimum temperature 30^C. 

Source: From New' Jersey soil. 

Habitat: Soil. 


53. Bacterium cygnl Migula. (Septi- 
kamiebacillus der Schw&ne, Fiorentini, 
Cent. f. Bakt., 19, 1896 , 935; Migula, 
Syst. d. Bakt., 9, 1900, 365; Bacillus 
cygneus Chester, Manual Determ. Bact., 
1901, 221.) From Latin cygnua, swan. 

Rods: Motile. Gram-negative. 

This organism may have been the 
fowl cholera or septicemia organism 
(Pasteurella avicida Trevisan); but is 
more probably closely related to the 
organism which causes keel in ducklings 
{Salmonella anatis Rettger and Scoville). 

Source: From a sw'an. 

Habitat: The cause of an infectious 
disease of swans in the city park at 
Milan, Italy in 1895^. 

54. Bacterium cyprlniclda Plchn. 
(Plehn, Cent. f. Bakt., I Abt., Orig., 
55, 1903-Ul, 461; Klebsiella cyprinicida 
Bergey et al.. Manual, 2nd ed., 1925, 
266.) From Greek kyprmoa, carp and 
Latin caedo, to kill. 

Rods: 0.8 by 1.0 nucron, occurring 
singly and in chains. Capsulated. 
Non-motile. Gram-negative. 

Gelatin colonies: White, glistening, 
convex, with slight fluorescence around 
the colony in three or four days. 

Gelatin stab: White, convex surface 
growth. No liquefaction. 

Agar slant: White, glistening layer, 
becoming slimy. 

Broth: Turbid, with thick gray pellicle 
and slimy sediment. 

Litmus milk: Slightly alkaline. No 
coagulation. 

Potato: Light yellowish layer, be¬ 
coming dark brownish. The medium is 
dark violet-gray. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid from carbohydrate media. 

Aerobic, facultative. 

Optimum temperature 10® to 20®C. 

Habitat: The cause of a fatal disease 
in carp, show’ing as red spots on the 
ventral surface. 

55. Bacteriumparvttlum Conn. (N. Y. 
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Agr. Exp. Sta. Bui.494,1922,26.) From 
Latin, very small. 

Very small rods: 0.1 to 0.2 by 0.3 to 
0.6 micron. Non-motilc. Gram-nega¬ 
tive. 

Gelatin plate: Punctiform colonies. 
Agar plate: Punctiform colonies. 
Grows poorly in liquid media. 

Indole not formed. 

Nitrites produced from nitrates. 

No acid from glucose, lactose, sucrose, 
glycerol or ethyl alcohol in either liquid 
or solid media. 

Starch not digested. 

Optimum temperature 25°C. 

Strictly aerobic. 

Distinctive character: Causes strong 
volatilization of ammonia from a mix¬ 
ture of horse feces and urine. 

Source: From manure. 

Habitat: Soil. 

56. Bacterium mcthyllcum (Loew) Mig- 
ula. (Bacillus mcthylicus Loew, Cent, 
f. Bakt., IB. 1S92, 405; Migula, Syst. d. 
Bakt., 2, 1900, 447.) From the ehemifal 
term, methyl. 

Short, thick n»ds: 10 by 2.0 to 2 6 
microns. Ciram stain not recorded. 


Gelatin colonies: After 2 days, round 
to oval, yellowish, entire; later edges 
ciliate. Liquefaction. 

Glucose gelatin stab: Liquefaction 
crateriform. Whitish-yellowish sedi¬ 
ment. No liquefaction in depth. 

Glucose gelatin stab; In depth, little 
or no growth, slowly liquefied near 
surface. 

Agar stab: Surface growth spreading, 
grayish-white. No growth in depth. 

Broth: No turbidity. On the surface 
and adherent to the walls, a white ring 
which precipitates on shaking. 

Potato* Growth very slow, pure white, 
adherent. 

Grows well in 0.5 per cent methyl 
alcohol, 0.05 per cent dicalcium phos¬ 
phate, and 0.01 per cent magnesium sul¬ 
fate, on which broth it forms a reddish 
pellicle. 

Possesses the ability to decompose 
lormaldeliyde and formic acid salts with 
formati<'n of a reddish pellicle. 

\crobe. 

Source: A culture contamination from 
the air 

Habitat: Probably soil. 


ADPendiz I: A few of the numerous Gram-negative, motile or non-motilo, non- 
sporc-forming rods that do not belong in the groups previously listed m this genus 
are described here. All have been placed in the genus Bacillus by those who have 
described them, although none form spores. 


I. 


Produce a pink to 
A. Motile. 


red chromogenesis. 

1. Bacillus iaciorubefaciens. 


B. Non-motilo. 

1. Gelatin liquefied. 


2. Bacillus ruhricus. 

3. Bacillus riijus. 


2 . 


Gelatin not liquefied, 
a. Salmon pink on agar. 

4. Bacillus 


mycoidcs corallinus. 


aa. Vinous red on agar. 

5, 

II. Produces a water-solublo orange 


Bacillus bruntzii. 
to emerald green pigment. 


A. Motile. 

1. Gelatin liquefied. 


6. Bacillus aurantiacus iingitanus 
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1. Bachlus lactorubefaciens Gruber. 
(Gruber, Cent. f. Bakt., II .\bt., 5, 
1902, 457; Serratia lactorubefaciens Ber¬ 
gen et ah, Manual, Ist ed., 1023. 02.) 
From Latin, to nuike milk rod. 

Small rods: 0.4 to 0.6 by 3.5 microns, 
occurring singly and in pairs. Motile 
with peritrichous flagella. Gram reac¬ 
tion not given. 

Gelatin colonies: Grayish-white, 
smooth, glistening, spreading. 

Gelatin stab: At times arborescent; 
the medium tinged with red. No lique¬ 
faction. 

Agar colonies: Circular, lobed, grayish, 
contoured. 

Agar slant: White, spreading growth. 

Broth: Turbid, with grayish pellicle 
and 8lim\ sediment. 

IJmiis milk: Becomes rose red, .slimy, 
slightly acid, without coagulation. 

potato: W’hite, spreading growth. 

Xo gas from carbohydrate m(‘dia 

Indole not produced. 

Xitritcs produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25'(’ 

Habitat: Milk. 

2. Bacillus rubricus Hetferan. (lief- 
feran, Cent. f. Bakt., II .\bt , II, 1003, 
403; Eryihrohacillus rubncus Holland. 
Jour. Bact., 5, 1920, 220; Serralia lubncn 
Bergey et al.. Manual, 1st ed., 1923, 313, 
Chronwhaclerintn rubncum Toplcy and 
Wilson, Princ. Bact. and linmun , /, 
1931, 402.) 

Rods: 0.7 to 0 9 by 1.0 to 4 0 rnicr(»ns, 
occurring singly. Non-motile Gram 
reaction not given 

Gelatin colonies: Small, circular, yel 
low-orange, deepening t » red. 

Gelatin stab. Slow lirpiefacfion. Old 
cultures lose this j)ri»perty 

Agar colonies* Circular, raised, entire 

Agar slant: Moist, .spreading, w bite ti> 
pink, gradually deepening in color. 

Broth: Turbid, with viscid .sediment 

Litmus rnilK. .Mkaline. 

Pot.'»t4>* Slight growth, bright pink, 
turning coral red. 

Indole not produced. 

Nitrites not produced from nitrates. 


No acid or gas from carbohydrate 
media. 

Aerobic, facultative. 

Optimum temperature 25® to 30®C^ 
Xo growth at 37®C. 

Source: Isolated from Mississippi 
river water, also from buttermilk. 

3. Bacillus rufus Hetferan. (Hef- 
feran, Cent. f. Bakt., II Abt., 11, 1903, 
313; Erythrubacillus rufus Holland, Jour. 
Bad., 5, 1920, 220; Serratia rufa Bergey 
et al., Manufri, Ist ed., 1023, 05.) From 
Latin mfus, red. 

Differs from fiacillus rubncus in show¬ 
ing more lu.xuriant growth on potato ami 
slower .action in milk. 

Siuirce: From Missis.sippi River water. 

4 Bacillus mycoldes coralllnus Hef- 
feran. (Ibdforan. Cent. f. Bakt., II 
•Vbl . II, 1903. 439; Serratia coiaUtria 
Bcrgr*v ct al., Manual, 1st ed , 1923, 93 ) 

Siimll. slender rods: 1.2 to 2.0 micron.s 
in length, occurring singly ami in pairs 
Xon-motile. (Jraiu reaction not given. 

Gelatin colonies* Minute, becoming 
pink, .smooth, laised. 

Gelatin stcb* Slow growth. Raised, 
smooth, glistening, j)ink surfaee growth. 
Fine, feether\ growth in stab Xoliijue- 
fa<*tioii 

.\gar eolonies: Minute, with filamen¬ 
tous margin 

Agar slant: Smooth, moist, salmon 
pink. 

Broth* Turbid, with pink flakes on 
surfaee. 

Litmus milk. .Mkaline, with red sur- 
fac(*. 

J^)talo: Idke agar slant 

Imlole not formed. 

Xitrites produeed from nitrates. 

Xo gas from earbohydrate media. 

Aerobie, facultative. 

Optimum temperature 25® to 3()®C^ 

Source; Isolated from Mississipn* 
river water. 

5. Bacillus bruntzil Nepveux. (Nep- 
veux, Coinpt. rend. Soc. Biol., Paris, 
1920, 242; These*, Fac. de Pharm., 
Jouve et C3e, Paris, 1920, 136 pp.; 
Serratia brunUii Bergey et al., Manual. 
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3rd ed., 1930, 126.) Named for Prof. 
Bruntz of Paris. 

Bacillus roseus Jluorescens Mar- 
chal (Trav. Lab. Microbiol. Fac. 
Pharm. Nancy, 1937, 90) is regarded by 
Lasseur (personal communication, 1938) 
as identical with Bacillus brunizti 
Nepveu.x 

Rods: 0.3 to 0.5 \*y I 25 to 1.5 microns, 
occurring singly imkI in pairs. Nou- 
rnotile. (Irani negative*. The cells 
store vedutin iin<l glycogen as reserve 
materials. 

Gelatin colonies: Circular, gray, 
smooth, contoured, glistening, undulate 
margin, becoming red. 

Gelatin stab: No liquefaction. 

Agar colonies: ('ircular, flat, smooth, 
contoured, radiate margin, vinous red. 

Agar slant: Smooth, echinulato, bu- 
tyrous, vinous red in color. 

Broth: Turbid. 

Litmus milk: Unchanged 

Indole not formed. 

Nitrites produced fn»m nitratc.s. 

Acid from glucose, fructose, maltos«* 
lactose, sucrose, mannitol, diilcitol and 
glycerol. 

Aerobic, facultative 

Optimum temperature 20® to 25°C 

Habitat : Water 

6. Bacillus aurantiacus tingitanus 

Uemlinger and Hailly ((’ompt rend. 
Soc. Biol Paris, tl9, 1935, 2IG ) 

Short rods; Usually 2 to 3 microns, 
sometimes 5 to G microns long. Actively 
motile. Gram negative. 

Growth occurs on all the ordinary 
nutrient media Fluorescent bright 
orange pigment. 
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Gelatin: Rapid liquefaction. 

Milk: Slow coagulation. 

Synthetic broth: Lasseur, Dupaix> 
Lasseur and Marion (Trav. Lab. Micro- 
biol. Fac. Pharm. Nancy, Fasc. 9, 1936, 
34) recognize two rough types of this 
organism, one of which forms a smooth 
end the other a wrinkled pellicle. The 
smooth type gives a rough (pH 4.7) or a 
smooth (pH 6.3) iiellicle according to the 
pH of the medium 

Indole not formed. 

Artichoke media: Luxuriant growTh. 
Kmcrald green pigment iiroduced. On 
transferring the culture to potato, the 
bright oiange pigment rcaiqiears. 

Coagulated seruiii: No liquefaction. 

Acid fnun suciose, lactose, glucose, 
mannitol and malto.*»e. 

Non-pathogenic. 

Optimum pH 6.6. No growth at pH 
6.2, but grows at pH 7 8. 

Optimum temiierature 20®C. Good 
growth from 15° to 37°C. 

.Aoiobic. 

Pigment: Orange or capucine pigment 
which diffuses throughout the medium. 
Not affected by the presence or absence 
of light. Pigment production depends 
on the growth of the culture, not on the 
acidity of the medium. Insoluble in 
acetone, amyl alcohol and gasoline. 
Partially soluble in ether and ethyl 
alcohol which are colored yellow'. 

Distinctive character: A fluorescent 
pigment of an unusual shade (bright 
orange). 

Source: From water at Taiigicrs. 

Habitat: Presumably water. 


Appendix II I* The anaerobic genus Melhanoboctcriut u was proposed tentatively 
by Kluyverand Van Niol in I'.KW with indication that they rcRardcd Sohngon’s meth¬ 
ane Imclerium aa the type spo.-ioa of the Renus. Later, Barker (1936) found or- 
ganiams that he regarded as identical with those previously isolated by Sohngen and 
he proposed the name Metham,bacterium sbhngcnii for this species. A second species 
found at the same time was named Methanobarterium omdtanskn^d .t was identified 
as the species previously described but not named by OmeliSinsky. .U the time, he 
felt that these anaerobes should be includeil in the f amily ^f!,cobactcr^aceae (1936, 


• The manuscript for this section lias been reviewed by Dr. H. Albert Barker, 
Univerrity of California, Berkeley, California, February, 1945. 
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p. 422). In 1940, he discovered that the second species produced spores. In a per¬ 
sonal communication (March 20,1945) he suggests that further work is needed before 
the relationships of these organisms can be clarified. 

QenrM A, Methanobacterliim Kluyver and Van Niel, 

(Cent. f. Bakt., II Abt., P-f, 1936, 399.) 

Straight or slightly bent rods, sometimes united in bundles or long chains. Usu¬ 
ally non-motile. Endospores sometimes formed. Anaerobic. Chomo-heterotro- 
phic or chemo-autotrophic oxidizing various organic or inorganic compounds and 
reducing carbon dioxide to methane. Gram-variable, usually negative. 

The type species is Meihanobacierium aoehngenii Barker. 


1. Methanobacterium soehngenli Bar¬ 
ker. (Methane bacterium, Sdhngen, Dis- 
sertation, Delft, 1906; Barker, Arch. f. 
Mikrobiol., 7, 1936, 433.) Named for 
Prof. N. L. Sdhngen who first studied 
this organism. 

Rods; Straight to slightly bent, moder¬ 
ately long. Non-motile. Non-spore¬ 
forming. Gram-negative. 

In liquid cultures cells are character¬ 
istically joined into long chains which 
often lie parallel to one another so as to 
form bundles. 

Acetate and n-butyrate but not pro¬ 
pionate are fermented with the produc¬ 
tion of methane and carbon dioxide. 

Ethyl and n-butyl alcohols not fer¬ 
mented. 

Obligate anaerobe. 

Source; Enrichment cultures contain¬ 
ing acetate or butyrate as the only 
organic compound. Four strains were 
isolated from acetate enrichment cul¬ 
tures. The cultures were highly purified 
but not strictly pure. 

Habitat: Canal mud, sewage. Prob¬ 
ably occurs widely in fresh water sedi¬ 
ments where anaerobic conditions pre¬ 
vail. 

2. Bar¬ 
ker. * (Bacille de la decomposition m4- 
thanique de I’alcohol ethylique, 
Omeliansky, Ann. Inst. Past., SO, 1916, 
80; Barker, Arch f. Mikrobiol., 7, 1936, 
436; also see Barker, Antonie van Leeu¬ 
wenhoek, 6, 1940, 201 and Jour. Biol. 
Chem., 137, 1941, 153.) Named for 
Prof. W. Omeliansky who first observed 
the organism. 


Rods: 0.6 to 0.7 by 1.5 to 10 microns, 
usual length 3 to 6 microns, unbranched, 
straight or slightly bent. Usually non- 
motile, occasionally feeble motility is 
observed. Spor^ of low heat resistance 
formed, spherical, terminal, swelling the 
rods. 

Primary alcohols, including ethyl, 
propyl, n-butyl and n-amyl alcohols, are 
oxidized to the corresponding fatty 
acids. Secondary alcohols, including 
isopropyl and scc-butyl, arc oxidized to 
the corresponding ketones Hydrogen 
is oxidized. 

Fatty and liydroxy acids, glucose, 
polyalcohols and amino acids are not 
attacked. 

Carbon dioxide is used and converted 
to methane. Growth and alcohol oxida¬ 
tion are directly proportional to (he 
carbon dioxide supply at low concen¬ 
trations. 

Nitrate, sulfate and oxygen cannot be 
used as oxidizing agents. 

Utilizes ethyl alcohol best of all or¬ 
ganic compounds. 

Utilizes ammonia as a nitrogen source. 

Growing range: pH 6.5 to 8.1. 

Optimum temperature 37®. to 40®C. 
Maximum 46® to 48®C. 

Obligate anaerobe. 

Source: Soil, fresh water and marine 
muds, rabbit feces, sewage. Pure cul¬ 
tures were isolated from fresh water and 
marine muds (Barker, loc. cii., 1940). 

Habitat: Wherever organic matter is 
decomposing in an anaerobic, approxi¬ 
mately neutral environment. 
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^endix III: Miscellaneous species of 
non-motile, or motile, non-spore-forming 
rod-shaped bacteria not previously listed 
or described. 

Aacobacterium luteum Babes. (Babes, 
in Cornil and Babes, Les Bact^ries, 3rd 
ed., /, 1890, 155; also see Petri, Cent. f. 
Bakt., II Abt., 26, 1910, 359.) From 
water in Budapest (Babes) and the olive 
fly (Petri). 

Bacillus a, 6, c, d, c, /, h and i, Vignal. 
(Arch. d. phys. norm, et path., S^r. 3, 
8, 1886, 350~3<3; also see Flavobacteriwn 
buccalis Bergey et al. and Bacillus bucca- 
Ita fortuiius Sternberg.) From saliva 
and the teeth. 

Bacillus actdo-aromalicus Van dor 
I^ck. (Cent. f. Bakt., II Abt., 17, 1907, 
652.) From milk. 

Bacillus acutangulus Migula. (Xo. 13, 
Lembke, Arch. f. Hyg., 29, 1S97, 319; 
Migula, Syst. d. Bakt,, 2 , IIMK), m) 
From feces. 

Bacillus acutus Kern (Arh b:\kt 
Inst. Karlsruhe, /, Ifeft 1, 1896, 133., 
From the stomach of a bird. 

Bacillus adamclzn Migula. (Bacillus 
No. XIII, Adametz, Lamlwirtsch 
Jahrb., 18, 1889, 246; Migula, Syst. d. 
Bakt., 2, 1900, 686; not Bacillus adametzi 
Trevisan, I generi e Ic specie delle 
Batteriacee, 1889, 19.) From cheese. 

Bacillus acris (Chester (Bacillus no- 
laccus sacchari .Vger, X. V. .Med. Jour., 
1894 , 205; sec Dyar, Ann. X. Y. .\cad. 
Sci., 8, 1895, 369; Bactciium violaceous 
sacchari (’hcbler, Ann. Hept. Del. Col. 
Agr. Kxp. Sta., 9, 1897, 110; Chester, 
Man. Doterm. Bact., 1901, 200.) From 
.air. Produces a violaceus black pigment 
in old cultures in milk. 

Bacillus aerobtus Doyen. {Bacillus 
urinae aerobius Doyen, Jour. d. connaiss. 
m<5dic., 1889, 107; Doyen, ibid., 108.) 
From urine. 

Bacillus aerogenes Miller. (Miller, 
Deutsche med. Wchnschr., 12, 1886, 119; 
see Miller, Die Mikroorganismen der 
MundhOhle, I^eipzig, 1889, 262; not Ba¬ 


cillus aerogenes Kruse, in FlQgge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 340.) 
From the stomach. 

Bacillus aerogenes sputigemis capsula^ 
tus Herla. (Arch, de Biol., 14 , 1895,403; 
abst. in Cent. f. Bakt., 2S, 1899, 359.) 
From the blood of a mouse which had 
been inoculated with the sputum of a 
pneumonia patient. 

Bacillus aeschynomenus Trevisan. 
(Bacillc de Pair j. Babes, in Cornil and 
Babes, Les Bact^ries, 2nd ed., 1886, 150; 
Trevisan, I generi e Ic specie delle Bat¬ 
teriacee, 1889, 20.) From air. 

Bacillus aUhebius Trevisan. (Bacille 
de Pair c. Babes, in Cornil and Babes, 
Les Bact^rics, 2nd ed., 1886, 149; Trevi- 
san, I generi e Ic specie delle Batteriacee, 
1889, 20.) From air. 

Bacillus agilis Trevisan. (Bacillus 
der Vugus-Pneumonie, Schou, Fortschr. 
d. Medicin, 3, 1885, Xo. 15; Bacillus 
pneumonicus cyilis Flugge, Die Mikro¬ 
organismen, 2 Aufl., 1886, 262; Trevisan, 
1 generi e le specie delle Batteriacee, 
1889, 14; not Bacillus agihs Tschisto- 
wilsch, Berl. klin. Wochnsehr., 1892,512; 
not Bacillus agilis Chester, Man. De¬ 
term. Bact., 1901,226; not Bacillus agiHs 
^lattes, Sitzungsber. d. Gesells. z. 
Beforderung d. gesam. Xaturw. z. Mar¬ 
burg, 62, 1927, 406; not Bacillus agilis 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 33; Bacterium jmeumonicus 
agilis Chester, Ann. Rej>1 Del. Col. 
Agr. Exp. Sta., 9, 1897, 140; Bacterium 
vagus pueumonie Chester, ibid., 144; Ba¬ 
cillus pneumonicus Migula, Syst. d, 
Bakt , 2, 1900, 752.) From the lungs of 
rabbits having vagus pneumonia. 

Bacillus agilis Mattes. (Sitzungsber. 
d. Gesells. z. Beforderung d. gesam. 
Naturw. z. Marburg, 62, 1927 , 406.) 
From the Mediterranean flour moth 
(Ephestia kuehnicUa). 

Bacillus agillimus DeToni and Trevi¬ 
san. (Bacillus luteus putidus Maggiora, 
Giorn. d. Soc. ital. dTgienc, 11, 1889,344; 
DcToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 969.) From 
the skin. 
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liacilUis agnorum Trovisan. (liavtc- 
rium sultile agnonnn Rivolla, (liorii. <li 
Anat. fisiol. dcgli animali, ISvSl, .‘>1 ami 
1883, 78; Trevisan, I gonori e Ic sporio 
delle Battcriacoo, ISSO, 13.) i'nmi tlis 
eased lambs. 

liaciltus alacer Krksteiii. (Ztsehr. f. 
Forst- u. Jagduw'sen, J6*, 181)4, 13.) 

Found associateil with the eggs of the 
null moth (Lgmanlria monavha). 

liiicilliis alaim Oricg Smith. (Proc. 
Linn. Soc. New St). Wales, SO, 1905, 570.) 

Bacillus allmlus Kern. (.Vrh. bakt 
Inst. Karlsruhe, /, 4, 1890, 108 » 

From the stomaeh and intestines of a 
bird. 

Bacillus alhus Pagliani, Maggitna and 
Fratini. (Wei.sser Bat'illus, Kisenbeig. 
Bakt. Diag., 1 .\uH., ISSG, Table 7. 
Pagliani et al., (liorn. tl. Soe ital 
tlTgiene, 9. ISST, 587: not Hatilh ' ulhm 
Trevi.san, 1 geneii t* \c .vptMit* tlolle 
Batteriaeet', ISsl), 14. not linnUus alhus 
Borgey et al , Manual, 3rd ed , IIKIO, 39s, 
Bacterium alhus C’hester, .Vnn. 1b*pt 
Del. Col. Agr. Kxp. Sta., 0 , 1S97, 70.) 
From water. 

Bacillus alhus anaerobicscetis N'aughan. 
(Amer. Jour. Med. Sei., 104, 1892, 191 ) 
From water. 

Bacillus alhus putvlus DeBary. 
(Quoted from Sternberg. Man. of IWt , 
1893, 675.) From water. 

Bacillus alhus-puiiduH Chester. tMu- 
sehek, see Adainetz, Bakt. Nutz. u. 
Trinkwasser, 1S88; Chester, Man. De- 
term. Bact.. 1001, 237.) From water. 

Bacillus alhus putrid us \’aughaii. 
(Amer. Jour. Med. Sei., 104^ 1892, 186.i 
From water. 

Bacillus alpha Dyar. (Ann. N. V. 
Acad. Sci., 8, 1895, 366.) From air. 

Bacillus amabilis Dyar. (Dyar, Ann. 
N. Y. Acad. Sei., 8, 1895, 358; Bacterium 
amabilis Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 110.) From air. 

Bacillwt amarillae Trevisan. (Bacille 
de la 6<$vre jaune, Babes, in Cornil and 
Babes, Les Baett^ries, 2nd cd . 1886, 529; 


Trevisan, I generi e le specie delle Bat- 
terineeo, 1889, 13.) From a ease of 
yellow fever. 

Bacillus amarus Migula. (Bacillus 
liquefaciens Imtis amaii v. Freudenreich, 
Landwirls(‘h. Jahrb. li. Schweiz, 8, 
1894; Migula, Syst. d. Bakt., 2, 1900, 694; 
not Bacillus amarus Hammer, Iowa .\gr. 
Kxp. Sta. Ues. Bull. 52, 1919,198.) From 
bitter milk. 

Bacillus amerimni s Trevisan. (Ba- 
eille de Pair h. Babes, in C'ornil and 
Babes, Les Baett^ries, 2iided., 18vS6, 149; 
Trevi.san, 1 generi e le specie tlelle 
Battt‘ri:ie<‘e, 1889, 20.) Frt)in air. 

Bacillus umififduloidcs Weiss. (.\rb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
216.) From brine on salteil piekles. 

Bacillus auccjis Trevi.san. (Baeillc 
<Ui inueus intestinal norma! a. Babes, in 
Cornil ami Babe.s, l.es Bactt'Ties, 2nd ed., 
1886, 153, Trevisan, I generi e le s|)ecie 
delle Batteriaeee, 1889, 15.) Fiom nor¬ 
mal inte.stinul mucous. 

Bacillus authraciformis Wiihelmy. 
(Arb. bakt. In.st. Kailsruhe, 3, 1003, 28.) 
From meat extract. 

Bacillus nnthracoides Trevisan. (Ba- 
eille de Fair /■, Babes, in (\>rnil and 
Babes, L(‘s Baetciie.s, 2nd ed., 1886, 151; 
Trevisan, F generi e le specie delle 
Batteriacee, 1889, 20; not Bacillus an- 
thracoidrs Kruse, in Flugge, Die Mikro- 
organismen, 3 .Vull , 2, 1896, 232.) From 
air 

Bacillus aunulatus Zimmertnanii. 
(Bakt. unserer IVink- u. Xutzwiisser, 
Chemnitz, 2, 1891, 30.) From water. 

Batillus anularius Henriei. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
32.) F'rom Kmimmlhal cheese. 

Bacillus apicum Kruse. (Canestrini, 
.\Ui Soe. Yen. Trent. Sei. Nat., 12 , 1892, 
134; Kruse, in Fliigge, Die Mikroorganis- 
men, 3 Aufl., 2, 18%, 233.) From in¬ 
fected bees and their larvae. 

Bacillus apisepticus Burnside. (Jour. 
Econ. Ent., 2/, 1928, 379.) Pathogenic 
for the honey bee (Apis mellifera). 

Bacillus aquatUis Migula. (Bacillus 



family mactlriackae 


649 


nqualilis nulcalun fV, Weichnelbaum, 
Das daterroiphische Sanitktswospn, 18H!), 
No. 14-23; Bacterium wiiialilis Kulcatus 
quarlua Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9. 1897, 72; Migulu, Syst’ 
d. Bakt..«, 1900, 733; not Ra, illuH aqua- 
tilts Frankland and Franklanrl, Ztachr. 

3S1; liaviUuB aquatihs- 
sulcalns-quatluH Cdiostor, Man. Detorm. 
Bact., HK)I, 216.) From wator 
Baallus aquatilis TroviHan. (Hacilh* 
cle Teau a, Babes, in ( ornil and Hahos, 
LeeBaett^rios,2nded., ISSG, I(>7;Tro\ i^an, 

I goneri e Ic specie delle Battcriaceo, 
1889, 19; not Bacillus aquatilis Fiank- 
land and Frankland, Ztschr. f, Ilyg , 6*. 
1889,381.) From water 
Bacillus aquatilis cawnturus Kruse. 
(Kruse, in Fliigge, Die .MikroorKanisiuen, 
3 Aufl., 18%, 315; Bat ti mini aquatilis 
communis Chester, Ann Kept Del. C'ol. 
Agr. I'Ap. Sta., (>, 1S97, 91.) Found 
eonunonly in water List(*d hy Kruse 
as a non cdiminogenie .sUain of Bacillus 
jl u ore sec ns liqu cfariv n s (I ^s*e ml am ana s* 
Jliioresccns Migula) 

Bacillus arborescens Jamieson ainl 
Fdingion. (Brit. Med. Jour, /, 1SK7, 
1265.) From the desquamation of scar¬ 
let fever patients. 

Bacillus arhoreus Migula fBauni- 
ehenbaeillus, Maschek, Bakt I nter- 
sueh. d. Leitnieritzer Trink\\as.ser, l.eit- 
meritz, 1SS7; Migula, S\st. d. Bakt., 
BKK), 710.) From water 
Bacillus arnmaticus Beijennek. 
(Quoted from Van der Leek, (’ent f. 
Bakt., II Abt., 17, 1%7. VM), not Bacillus 
aromaticus l^ammel. Bull 20, Iowa .Vgr. 
Kxp. Sta., 1893, 792; not Bacillus aiv- 
malleus (Irimin, (Vnt. f. Ikakt , II Abt., 
8, BK)2, 589; not Bacillus aiamaticus 
Van der Leek, lac. cit., <159 ) krom 
milk. 

Bacillus aromaticus Van dc’r Leek. 
(Van der Leek, Cent. f. Bakt.. II Abt , 
17, 1907, 659.) From soft cheeses. 

Bacillus assimilis Trevi.san. (Bacille 
de Fair i, Babes, in Cornil and Babes, Lcs 
Bactdrics, 2nd cd., 1880,150;Trevisan, I 


generi c le specie delle Batteriacec, 
1899 , 20.) From air. 

Bacillus autanlius Trevisan. (Or- 
angerother \\ asserbacillus. Adametz and 
Wichmann, Mitth. Oest. \'ers. Slat. f. 
Brauerei u. Miilz. in Wien, /, 1888, 50; 
Tievisun, 1 gener? (‘ le specie delle 
Batteriacoe, 1SS9, 19; not Bacillus auran- 
tius Bergey et al., Manual, 3r(l ed., 1930, 
121 ) From w'uler. 

Bacillus aureus l*!ckstein. (Ztschr. f. 
Forst - u. JagdwcHon, i?6*, 18‘.M, 9; prob¬ 
ably not Batillus aureus Frankland and 
Frankland. Philos. Trans. Uoy. Soe. 
T.omlon, 178, B, 1887, 272 and probably 
not Bacillus auivus Pansini, Arch. f. 
path Anat u. Plnsiol.. 1J2, 1800, 436; 
not Badllus nuicus Adamclz, (quoted 
from Sternberg, Man of Bact., 1893, 
621.) ('apal)le of inf(*eting the larvae 
of vaiious insects. 

Bacillus azuicus Zimmermann. 
(Bakt uns(‘i(‘r Trink- u. Xutzwasser, 
C'hemintz, i, 1894, 21.) From w^ater. 

Batdlus baiesi Trc\isan (Bacille du 
»nu*'u^ intestinal normal b. Babes, in 
Cornil and Ibibes, Les Bactcries, 2nded., 
1SS(*», 153, Trevisan. I generi e le specie 
delle Batteriacoe, 1SS‘). 15.) From nor¬ 
mal int(‘stinal mucus. 

Baiilhis hclfanUi Migula. (Kino neue 
path(»gene Bakteriumarl im Tetanus- 
matciial, Ihdfanti and Pescarolo, Cent, 
f Bakt-L 18SS, , Bacillus accidental is 

tetani Kruse, in Flugge, Die Mikro- 
organisnnm, 3 Aufl., 2, 1896. 433; Bade- 
iium accidintalis tdani ('hester, Ann. 
Kept Del. ('ol Agr. Kxp. Sta., 9, 1897, 
SS; Migula, Syst. il. Bakt., 2, 1000, 767; 
not Bacillus hcifanti Carbone and Ven- 
turelli. Boll. 1st. Sieroler., Milan, L 
1925. 59; Bacillus accidentalis Chester, 
Man. Determ. Bact., 1001, 22t).) From 
pus in a ciise of tetanus. 

Bacillus benzoli Tausson. (Planta, 7, 
1929, 735.) From soil. Oxidizes ben¬ 
zene. 

Bacillus bcnlcricus Trevisan. (Ca¬ 
rat t. di ale. nuov. gen. di Batl., 1885, 
12.) From cases of beri-beri in Japan, 
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Also sec Ogata, abst. in Cent. f. Hakt., 
5 , 1888, 75. 

Bacillus beroUnensis Migulu. (Ilotcr 
Bacillus aus Wasscr, Fracnkcl, (buiulriss 
der Bakterienkundc, 3 Aufl., 1800, 252; 
Bacillus ruber beroUneusis Kruso, in 
Fliigge, Die Mikroorganisnion, 3 Aufl., 
2, 1896, 303; Bacterium ruber berolinensis 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., P, 1807, 113; Migula, Syst. d. 
Bakt., f, 1900, 856; not Bacillus berolin¬ 
ensis Chester, Man. Doterin. Bact., 
1901, 305.) From water. Rust-red to 
orange-yellow pigment on potato. 

Bacillus beta Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 366.) From air. 

Bacillus beyerinckii DeToni and Trevi- 
san. {Bacillus radicicola var. lique- 
faciens Beijerinck, Rot. Zeitung, 1888, 
750; DeToni and Trevisan, in Saccardo, 
Syllogc Fungorum, 8, 1889, 972; not Ba¬ 
cillus beijerinckii Hcnnehcrg, Zlschr. f. 
Spiritusindustric, ^8, 1903, 22; see Cent 
f. Bakt., II Abt., 11 , R)03, 159.) From 
soil and the roots of legumes. 

Bacillus hillingsi Chester. (Bacillus 
of corn-stalk disease of cattle, Billings, 
in Baunigarten, Jahresbericht, IS89, 184; 
Chester, Man. Determ. Bact., 1901,214.) 
Isolated by Billings from corn-stalk 
disease of cattle, and by Xocarrl from 
bronchopneumonia in o.xcn. 

Bacillus bombycis Chatton. (Chatton, 
Compt. rend. Acad. Sci., Paris, 166, 1913, 
1708; not Bacillus bombycis Macejuati, 
Stazioni s{)erirncntali Agrarie Italiane, 
20, 1891, \2\; Bacterium bombycis Paillot, 
L’infectiou chez les insectes, 1933, 131.) 
From diseased silkworms (Bombyx mori). 

Bacillus bookeri Dyar. (Dyar, Ann. 
X. Y. Acad. Sci., 8,1895,378; not Bacillus 
bookeri Ford, Studies from the Royal 
Victoria Hospital, Montreal, /, 1903, 31.) 
Found by Dr. Prudden in a case of cys¬ 
titis. 

Bacillus brnchyihrix DeToni and Trevi¬ 
san. (Bacillus G, Maggiora, Gioni. 
Soc. ital. dHgiene, 11 , 1889, 348; DeToni 
and Trevisan, in Saccardo, Syllogc 


Fungorum, 8, 1889, 967.) From the 
skin. 

Bacillus br'unneus (Scliro(‘(er) Schroc- 
ter. (Bacteridiwn brunneum Schroeter, 
in Cohn, Beitr. z. Biol. d. Pllanz., /, 
Heft 2, 1872, 126; Schroeter, in Cohn, 
Kryptog. Flora v. Schlesien, S (1), 
1886,158; not Bacillus bninneus Adametz 
and Wichmann, Die Bakt. der Nutz- und 
Trinkwiisser, Wien, 1S88; Bacillus fuscus 
Fliigge, Die Mikroorganismen, 2 Aufl., 
1886, 290; not Bacillus fuscus Zimmer- 
mann, Bakt. unserer Trink- u. Xutz- 
wasser, C'hemnitz, 1 , 1890, 70.) Bac¬ 
terium brunneum Schroeter or (.'ohn is 
given as a synonym by Fliigge (1886) and 
by Trevisan (1889) but this appears to 
be an incorrect spelling of Bactet idium 
brunneum Schroeter. Neither Schroeter 
nor Cohn used Bacterium brunneum in 
1872 or later so far as can be determined 
by a careful study of Ihcir papers. 
From corn, wheat and potato infusions. 

Bacillus buccalis fortuitus Sternberg. 
(Bacillus j, Vignal, Arch. Phys. norm, et 
path., S<$r. 3, 8, 1886, 337; Sternberg, 
Man. of BiU't., 1893 , 685; Bacterium bu- 
califf (m') fortuitus (Chester, Ann Rept. 
Del. Col. .\gr. Kxp. Sta , .9, 1897, 91 and 
130; Bacillus bucalis (sic) Chester, Man. 
Determ. Bact., 1901, 234; not Bacillus 
buccalis Trevisan, I generi e le specie 
dellc Batteriacee, 1889, 15.) From the 
mouth. 

Bacillus buccalis muriferens Miller. 
(Miller, Dental Cosmos, 33, 1891, 792 
and 800.) From the blood A slimy 
capsulated bacillus. 

Bacillus buccalis septicus Miller. 
(Miller, Dental Cosmos, 85,1891, 792 and 
802.) From the mouth and in pus of an 
abscess caused by a dental instrument. 

Bacillus butyri Migula. (Bacillus bu- 
tyri I, V, Klccki, Cent. f. Bakt., 16, 1894, 
357; Migula, Syst. d. Bakt.,f, BKtO, vand 
811.) From raneid butter. 

Bacillus caeci Ford. (Studies from 
the Royal Victoria Hosp., Montreal, /, 
(5), 1903, 45; also sec Jour. Med. Res., 
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1901, 217.) From the stomach and 
rectum. 

Bacillus canalcnsis Castollani. (Proc 
Soc. Exp. Biol, and M(‘d , 25, 1928, 540.) 
From human feces. 

Bacillus carius Migula. (Graucr Ba¬ 
cillus, Maschek, Untersuch. d. Lcitinerit- 
zer Trinkwiisser, Leitmeritz, 1887; Mi- 
gula, Syst. d. Bakt., 2, 1900,711.) From 
water. 

Bacillus canus Eckstein. (Ztschr. f. 
Forst- u. Jagdwesen, 1894, 15.) 
From larvae of the nun moth {Lymantria 
monacha.) 

Bacillus carabiformis llaczyscki. 
(Diss. milit. medic. Acad. Petropolitanae 
Ruteniac, 1888; abst, in Cent. f. Bakt., 
6 , 1889, 113.) From the stomach of a 
dog. 

Bacillus carnis Wilhelmy. (VVilhcImy, 
Arb. bakt. Inst. Karlsruhe, S, 1903, 21; 
not Bacillus carnis Klein, Cent. f. Bakt., 
II Ab(., 55, 1903, 459.) From meat 
extract. 

Bacillus cascolyiicus Lochmaii»» 
(Cent, f, Bakt., I Abt., Grig.. 5/, 1902, 
385.) From the organs of guinea pigs 
which had been inoculated with tubercle 
bacilli. 

Bacillus cathetus Trevisan. (Bacille 
de Fair <j, Babes, in ('ornil and Babes, 
Les Bactc^ries, 2nd ed., 1886, 150; Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 20.) From air. 

Bacillus caviae Trevisan (Bacille du 
mucus intestinal normal du cobaye c. 
Babes, in Cor nil and Babes, I.«s Bac- 
t^ries, 2nd ed., 1886, 151; Trevisan, I 
generi e Ic specie delle Batteriacee, 1889, 
15; Pasteurella caviac DcToni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8, 
1889, 996; not Pasteurella cavwc Haudu- 
roy et al., Diet. d. Bact. Path., 1937, 
313.) From the intestinal mucus of 
guinea pigs. 

Bacillus centralis Ziminermann. 
(Bakt. unserer Trink. u. Nutzw^asser, 
Chemnitz, 3 , 1804, 10.) From water. 

Bacillus charrint Trevisan. (Bacille 


de la pseudo-tuberculose bacillaire du 
cobaye, Charrin and Roger, Compt. 
rend. Acad. Sci., Paris, 106, 1888, 868; 
Trevisan, I generi e le specie delle Bat- 
teriacce, 1889, 13.) From pulmonary 
tuberculosis of gujnea pigs. 

Bacillus chlorinus Migula. (Giungcl- 
ber Bacillus, Tataroff, Inaug. Diss., 
Dorpat, 1891, 50; Migula, Syst. d. Bakt., 
3 ,19(X), 820; not Bacillus chlorinus Frank- 
land and Frankland, Philos. Trans. Roy. 
Soc. London, 178, B, 1887, 274.) From 
Water. 

Bacillus chyluriac Trevisan. (Bacil¬ 
lus of < hyluria, Wilson, Brit. Med. Jour., 
No. 1249, 1884, 1128; Trevisan, Atti 
Acad. Med.-Fis.-Stat. Milan , Ser. V, 
3, 1885, 99.) From chyluria. 

Bacillus citreus (Unna and Tommasoli) 
Kruse. (Ascobacillus citreus Unna and 
Tommasoli, Monats. f. prakt. Dermatol., 
9, 1890, 60; Kruse, in Fltigge, Die Mikro- 
organismen, 3 Aufl., 2 , 18%, 309; not 
Bacillus citreus Frankland and Frank¬ 
land, Philos. Trans. Roy. Soc., London, 
178, 1887, B, 272; Bacterium citreus Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 104.) From the human 
skin in cases of eczema. 

Bacillus citricus Kern. (Kern, Arb. 
bakt. Inst. Karlsiuhc, 1 , Heft 4, 18%, 
426; not Bacillus citricus Weiss, ibid., 
2 , Heft 2, 1902, 234.) From the intes¬ 
tines of birds. 

Bacillus citnnus Migula. (Citrongcl- 
ber Bacillus, Maschek, Bakt. Untersuch. 
d. Leitmeritrer Trinkwasser, 1887; Mi¬ 
gula, Syst. d. Bakt., 2, 1900, 832.) From 
water. 

Bacillus cladogenes Trevisan. (Bac- 
tc^rie de Fair No. 3, Babes, in Cornil and 
Babes, Lcs Bact^ries, 2nd ed., 1886, 140; 
Trevisan, I generi o le specie delle 
Batteriacee, 1889, 20.) From air. 

Bacillus claviformis Doyen. (Bacillus 
urinac clovijormis Doyen, Jour. d. con- 
naiss. nu^dic., 1889, 106; Doyen, ibid,, 
108; Bacillus doyeni DeToni and Trevi- 
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•an, in Saccardo, Sylloge Fungorum, S, 
18S9, d49.) From urine. 

Bacillus cleoni Picard. (Bull. Soc. 
d’£tude et do Vulgarisation Zool. Agric., 
/jf, 1913, 134.) A fluorescent cocco- 
baeillua. From diseased larvae of 
weevils {Temnorrhinua (Cleonus) mendi- 
eiis). 

Bacillus coccineus Catiano. (Catiano, 
in Cohn, Beitr, z. Biol. d. Pflanz., 7, 
1896, 339; not Bacillus coccineus Pansini, 
Aroh. f. path. Anat., 1890, 437; 
Bacillus subcoccineus Migula, Syst. d. 
Bakt., r, 1900, 857.) From the vagina. 
Reddish pigment. 

Bacillus coeruleo-viridia Trevisan. 
(Blaugrtln fluoresci rondo Bacterium, 
Adameti, Mitth. Oest. Vers. Stat. f 
Brauerei u. Mhl*. in Wien, /, 1888, 46; 
Trevisan, I generi c le specie delle Bat- 
teriacee, 1889, 20; Bacterium coeruleo- 
stride DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8,1889,1087.) From 
water. 

Bacillus eoeruleus Eckstein. (Eck> 
stein, Ztaebr. f. Forst- u. Jagdwesen, iS, 
1894, 14; not Bacillus eoeruleus Smith, 
Med. News, 1887, 758; probably not 
Bacillus eoeruleus Voges, Cent. f. Baki., 
/4, 1893, 301.) From larvae of the nun 
moth (Lymantrta monacha). 

Bacillus columbarum Chester. (Ba¬ 
cillus of pigeon cholera, Moore, U.S. 
D.A., Bur. Anim. Ind., Bull. 8, 1895; 
Chester, Man. Determ. Bact., 1901, 
209.) From a disease of pigeons. Had¬ 
ley et al. (Rhode Island Agr. Exp. Sta., 
Bull. 174,1918, 178) regard this as prob¬ 
ably a paracolon. 

Bacillus constrictua Zimmermann. 
(Zimmermann, Bakt. unserer Trink> u. 
Nutswisser, Chemnitz, /, 1890, 42; 
Bacisrtum ecnsiricius Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 8, 1897, 
112.) From water. 

Bacillus convolutus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 461; 
Bacisrtum convolutus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 5, 1897, 
101.) From river water. 

Bacillus caprogsMs foeiidus Sternberg. 


(Darmbacillus, Schottelius, 1885; Stern¬ 
berg, Man. of Bact., 1893, 468.) From 
the intestinal contents of pigs which 
had died of swine erysipelas. 

Bacillus coronatus Keck. (Inaug. 
Dies., Dorpat, 1890, 43.) From water. 

Bacillus corn Kcrii. (.\rb. bakt. Inst. 
KariHruhe, /, Heft 4, 1S96, 394.) From 
the stomuch and intestines of birds. 

Bacillus courmonlii Migula. (Cour- 
mont, Coinpl. rend. Soc. Biol., Paris, 
1889; Bacillus paeudoluberculosis similia 
Kruse, in Fliigge, Dio Mikroorganismen, 
3 Autl., 1896, 454; Migula, Syst. d. 
Bakt., 8, 1900. 770.) From tubercles of 
(‘attic. 

Bacillus crassus Liicet. {Bacillus 
crassus piiogenes hovis Lucct, Ann. Inst. 
Past., 7, 1897, 327; Bacillus crassus pyo¬ 
genes Lucct, ibid., 327; Lucct, ibid.^ 328; 
Bacillus pyogenes crassus Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 343; Bacterium pyogenes crassus 
Chester, .Vnn. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 141; Bacillus bovis Migula, 
Syst. d. Bakt., 2, 19(X), 765.) From bo¬ 
vine abscesses. Regarded by Kruse as 
a synonym of Bacillus pneumoniae. 

Bacillus crinilns Migula. (Xo. 15, 
I^mbke, Arch. f. Hyg., 29, 1807, 321; 
Migula, Syst. d. Bakt., 2, 1000, 678.) 
From feces. 

Bacillus cubonianus C’uboni and Gar- 
bini. (Atti. dei Lincei, Ser. 4 , 6, 1890, 
20-27, quoted from Steinhaus, Bact. 
Assoc. E.xtracell. with Insects and Ticks, 
Minneapolis, 1942, 53; not Bacillus cu- 
bomanus Macchiati, Staz. Sperim. Agr. 
Ital., 25, 1892, 228.) From silkworms 
{Bombyz mori). 

Bacillus cuenoli Mercier. (Bakteri- 
enahnlichen Gebilden, Blochmann, 
Ztschr. f. Biol., 24, 1887, 1; Compt. rend. 
Soc. Biol., Paris, 61, 1906, 682; also in 
Arch. f. Protistenkunde, 9, 1907,. 346.) 
From the fat body of the cockroach 
(Periplaneta orientalis). 

Bacillus cuniculi Migula. (Bacillus 
septicus cuniculi Lucet, Ann. Inst. Past., 
6, 1892, 564; Bacillus cuniculi septicus 
Kruse, in Fltiggep Die Mikroorganismen, 
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3 Aufl.) 1896, 406; Hnclerinm cunicidi 
aepticuH Chester, Ann. Kept. Del. ("ol 
Agr. Exp. 8ta., 0, 1897, 76; Migula, Syst. 
d. Hakt., 2, KKX), 75S.) Artsociated with 
a spoiltaneouH epizootic of rabbits. 

Bacillus cumculicida imtnobilis Kruse. 
(Kruse, in Flugge, Die Mikroorganis 
men. 3 Aufl , i?, 18%. 417, Bartvnnm 
cunicuticida iimtuthihs Chester, Ann 
Kept. Del. C'ol. Agr. Kxp St a., .9, 1807, 
84; Bacterium cuniculirida var immoUiU' 
Chester, Man. Determ. Kaet.. ItHll. 140 ) 
Cause of a disease of rabbits 

BantluH cystifarmin Clado ((Quoted 
from Sternberg, Man of Hact , 1893, 
649;. From urine in a case of cystitis 

Bacillus cystitidis Migula iCocat- 
hadllus acrugents resicaf Schou, Out. f 
Hakt , 1892. 749, Bacillus acrogene^i 

resicac Leliniann and Neumann, Hakt 
Diag , 1 AiiH., 18t)6, 2.37; Bactirium 
aerogenes vvsicae Cliister, .Vnn Keiit 
Del. (ol Agr Exp Sta , .9, 1897, 128; 
.Migula, Syst d. Hakt., 2, HMK), 771, 
BactlluH airogeues ('hester. Man Dc- 
term. Hact.. H)01,227; not Bacillus aent 
f/enfs Miller, Ihuit.sche nied \Vochn.s< hi , 
/2, 1886, 119, not /fur/Z/ws* ainujiuis 

Kru.se. ill Flugge, Die Mikroorganis 
men, 3 Aufl , 2, 1896, 340 ) Fnmi urine 
in a cji.se of cystiti.s 

Bacillus darnjaidrus Migula. {Banl 
lus uogenes hydrasulfun us rj, /orken- 
dorfer,’ Arch. f. Hyg , Hk 1S93. 389, 
Migula, Syst. d. Hakt . 2. HKHI 791 > 
From hens’ eggs. 

Bacillus dccolar Eck.stein. (Ztschr. f. 
Forst- u Jagdweseii, 26’, 1891, 15.) 

From the larvat* of a buttr*rll> d aiicss i 
utricae). 

Bacillus decolot aus majoi Dvar 
(Ann. N. V Aoad. Sci . 8, 1895, 362) 
From air. 

Bacillus decolot aus minor Dvar. 
(Ann. N. Y. .\cad. Sci., S, bStlf). 359 ) 
From air 

Bacillus defessus Kern. (Arb hakt 
Inst. Karlsruhe. /. Heft 4, 1896, 39< ) 
From the stomach and intestines of 
birds. 

dacillus delta Dyar. (Dyar, Ann. 


X. Y. Acad. Sci., 5, 1895, 368; Bacterium 
delta Chester, Ann. Kept. Del. Col. Agr. 
Kxp. Sta., 9, 1897, 114.) From water. 

Bacillus denitrijicans Oiltay and Aber- 
son. (CJiltay and Aberson, Arch. X<^erl. 
Sci. exact, et nat., 1891, 341; quoted 
from Sternberg, Man. of Had., 1803, 
727; not Bacillus denitnficans Migula, 
Syst. d, Hakt., 2, 1900, 796; not Bacillus 
dcmlrijicans (’hester, Man Determ. 
Hact., 1901, 274 ) From soil and air. 

Bacillus demtrojluorescens van Iterson. 
((Vnt. f Hakt , II Abt , .9, 1902, 772; 12, 
19t)4, 111.) Fluorescent. From soil. 

Bacillus dentalis virulaus Miller. 
(Miller, Die Mikmorganismen dcr Mund- 
hohh*, Leipzig. 1889, 218.) From carious 
teeth 

Bacillus dennoides Tataroff (liiaug. 
Di.ss., Dorpat. 1891, 19.) From water 
Bacillus dtaphauus .Migula. illali- 
hadetium pclluculum Fischer, Die Bak- 
tenen <ii*s Meere.s. 1894,22; Migula, Syst. 
d Haki , 1900, 712 ) From sea water. 

Bacillus diffluens Doyen. (Bacillus 
ucnaie dt'jlueus Doyen, Jour. <I coiinaiss. 
medic., 1SS9, 107, Doyen. iJnd . 108; not 
Bacillus dt(tlueus Caslclljini, 1915, see 
('astellaiii and Clialmors, Man. Trop. 
Med , 3ril ed., 1919, 943 ) From urine 
Bacillus digitalus Migula. (Bacillus 
No. 7, l^ln8lni, Arch f. path. Anat., 122, 
1890, 443; Migula, Syst. d. HakC, 2 , 
HK)(), 659 ) From sputum 
Bacillus dissimilis Trevisati. (Bacil- 
lu.s I, Leube, Arch, f path .Vnat , 100, 
1885, 556, Trevisan, I generi e le specie 
delle Hatt'uiacce, 1889,16 > From urine. 

Bcictllus dorticsficus Dyar. (Dyar, 
.\nn. N Y. Aoad. Sci., 8, 1895, 358; 
Bactci lutn domesticus Chester, Ann. 
Kept Del. ('ol. Agr. Exp. Sta., 9, 
1897, 110 ) From air. 

Bacillus droserac (Troili-Petersson) 
Buchanan and Hammer. (Bacterium 
droserac Troili-Petersson, Cent. f. Bakt., 
II Abt., 38, 1913, 1; Buchanan and Ham¬ 
mer, Iowa Sta. Coll. Agr. Exp. Sta., 
Kes. Hull. 22, 1915, 256.) Isolated by 
placing leaves of a sundew (Drosera 
intermedia) in milk and isolating the 
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dhny milk orfaiiisina developing. 
Qoeely related to BaeUrium UuU>* 
Gruber, according to Bu* 
chanan and Hammer. 

BaeUhiM dudauxii (Miquel) DeToni 
and Treviean. (UrolHteiUus dudauxii 
Miquel, Ann. d. Microgr., 5, 1889, 58; 
DeToni and Treviean, in l^cardo, Syl* 
loge Fungorum, 8, 1889, 963.) From 
•ewage. 

Baeillus eetemieus Treviean. (I generi 
e le epecie delle Batteriacee, 1889, 14.) 
From exudate in caeee of eczema. 

BaeilluM egregiua Zopf. (Quoted from 
Papenhaueen, Arb. bakt. Inet. Karla- 
rube, 8, 1903, 50.) A reddieh-yellow' 
non-epore-fonning rod. 

Baeillua eiiptauUut Migula. (Bacilltia 
mprogeiM tnni v, Kramer, Die Bale- 
terien in ihren Besiebungen zur Land- 
wirteebaft, 8, 1892, 138; Migula, Syst. 
d. Bakt., 8, 1900,6M.) From wine. 

BceiUui eUingionii Cheater. (Bacil¬ 
lus No. 21, Conn, Kept. Conn. (Storre) 
Agr. Exp. Sta., 1893, 52; Chester, Man. 
Determ. Bact., 1901, 264.) From milk. 

BadUtu eminana Weiss. (Arb. bakt. 
Inst. Karlsruhe, 8, Heft 3, 1902, 232.) 
From vegetable infusions. 

BaeiUuM emuUinua Fermi and Monte- 
aano* (Cent. f. Bakt., 16, 1894, 722.) 
From air. Decomposes amygdalin. 

Baeittus endoearditidis Migula. (Ba- 
eiffus endoearditidis griseus Weichsel- 
baum, Beitr. z. path. Anat., 4, 1689,119; 
Bacterium endoearditidis griseus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1097,88; Migula, Syst. d. Bakt., 8,1900, 
750.) From a case of endocarditis. 

BaeUlue engdmanni Trevisan. (Bac¬ 
terium chtorinum Engelmann, see FlOgge, 
Die Mikroorganismen, 2 Aufl., 1886, 289; 
not Bacterium chtorinum Migula, Syst. 
d.‘ Bakt., 8,1900,471; Trevisan, I generi 
e le specie d4lle Batteriacee, 1889, 18.) 
fikniree not given. 

Bacittue enieramyees Trevisan. (Ba- 
eUle doe selles /, Babes, in Cornil and 
Babes, Les BactMes, 2nd ed., 1886,154; 
Trevi^, I generi e le q>eeie delle Bat- 
teciaeiet 1800,16.) From feces. 


BociUtM enfomotoetcon Duggar. (Bull. 
Illinois State Lab. Nat. Hist., 4i 1896, 
340-379.) From the squash bug (Anoao 
trisHs). 

BadUus epsilon Dyar. (Dyar, Ann. 
N. Y. Acad. Sci., 8, 1895, 369; Baetenum 
epsilon Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 8,1897, 114.) From air. 

BaeiUus egui. Migula. (BadUus equi 
intestinalis Dyar and Keith, Technol. 
Quarterly, 6,1893, No. 3; abst. in C^nt. f. 
Bakt., 16, 1894, 838; Bacterium equi in- 
testinaiis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9,1897,70; Migula, Syst. 
d. Bakt., 8,1900,874; BadUus intestinalis 
Chester, Man. Determ. Bact., 1901,213.) 
From the intestines of a horse. 

BadUus erubeseens Migula. (BadUus 
oogenes hydrosulfureus e, ZOrkenddrfer, 
Arch. f. Hyg., 16, 1893, 391; Migula, 
Syst. d. Bakt., 8, 1900, 792; BadUus 
rubescens Nepveux, Thdse, Fac. Pharm. 
Paris, 1920, 113.) From hens* eggs. 

Bacillus erythrogenes rugatus Dyar. 
(Ann. N. Y. Acad. Sci., 8, 1895, 374.) 
A wrinkled variety of BadUus laetis 
erythrogenes Hueppe. 

BadUus erythrosporus Miflet. (Miflet, 
in Cohn, Beitr. z. Biol. d. Pflahz., 5, 
Heft 1,1879,135; BadUus (Streptohacter) 
erythrospores (sic) Schroeter, in Cohn, 
Krypt. Flora v. Schles., 5, 1, 1886, 158; 
Bacterium erythrosporus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
123.) From putrefying egg-white and 
meat infusion. According to Chester, 
the author mistook reddish granules for 
spores. Fluorescent. 

BadUus esterificans fluorescene Maa- 
sen. (Arb. a. d. k. Gesundsheitsamte, 
16, 1899, 504-507.) From grains and 
from rotting vegetation in river water. 

Bacterium esterificans stralauense Maa- 
sen. (Arb. a. d. k. Gesundheitsamte, 
16, 1899, 504-507.) From Spree River 
water. 

BadUus eta Dyar. (Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895, 374; Bacterium da 
Chester, Ann. Rept. Del. Col. Agr. Bxp* 
Sta., 9, 1897, 107.) From air. 

BadUus dhaceUeus Fraaklaiid and 
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Frankland. (Proc. Roy. Soc. London, 
46, 1889.) Ferments .mannitol, tfycerol 
and iducoee to ethyl alcohol and acetic 
acid with a trace of formic and succinic 
acids. 

Bacillui eihacetoauceinietu Frankland 
and Frew. (Transactions of the Chemi¬ 
cal Society, 1892, 275.) Ferments man¬ 
nitol and dulcitol to ethyl alcohol, acetic 
acid, succinic acid, hydrogen and car¬ 
bonic acid. 

BaciUus exapaiuB Trevisan. (Bacillus 
dcr conjunctivalsack /, Fick, Ueber 
Mikroorg. in Conjunctivalsack, Wies¬ 
baden, 1887; Trevisan, I generi e le 
specie delle Batteriacee, 1889, 15.) 
Found frequently in the human eye. 

Baeillu$ exiguu9 Wright. (Wright, 
Mem. Nat. Acad. Sci., *7, 1895, 447; 
BacUrium exiguum Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 114; 
not BacUrium exiguum Stftubli, MUnch- 
ner med. Wochnschr., No. 45, 1905.) 
From water. 

Bacillue famiger Trevisan. (Bacillus 
bei Erysipel am Kaninchenohr, FlOgge, 
Die Mikroorganismen, 2 Aufl., 1885, 283; 
Trevisan, 1 generi e le specie delle 
Batteriacee, 1889, 14.) From a case of 
erysipelas of the ear of a rabbit. 

Bacillue felie (Rivolta) Trevisan. 
(Coeeo-bacterium felie Rivolta, Giorn. 
di Anatomia, No. 1, 1888; Trevisan, 1 
generi e Ic specie delle Batteriacee, 
1889, 14.) From an Infection in a cat. 

Bacillue fermenUUionie Chester. (Ba- 
eillue foetidue figus/acisas^Tavel, Ueber 
d. Aetiol. d. Strumitis, Basel, 1892; 
Chester, Man. Determ. Bact., 1901,233.) 
From strumitis. 

Bacillue fcrrugincue Rullmann. 
(Rullmann, Cent. f. Bakt., I Abt., 64t 
1898, 467; not Bacillue ferrugineue Van 
Iterson, Cent. f. Bakt., II Abt., it, 1903, 
694.) From canal water. 

Bacillue ferrugineue Dyar. (Dyar, 
Ann. N. Y. Acad. Soi., 8, 1895, 361; not 
BacillueJerrugineue Rtilbnann, Cent. f. 
Bakt., I Abt., Orig., «, 1898, 465; Boc- 
lerium furrugineue Od©) Chester, Ann. 
Bept, Del* Col* Agr* Exp. 8ta.t 8$ 1897, 


115; BacUrium ferrugineim Cheetsr, 
Determ, Bact., 1901, 177.) From 
air and from a fresh leaf of the pitcher 
plant (Sarraccnia purpurea)» 

Bacillue fertilie DeToni and Trevisan* 
(Bacillue urinae fertilie Doyen, Jour. d. 
connaiss. m4dic., 1889,'107; DeToni and 
Trevisan, in Saccardo, Sylloge Fungo- 
nim, 8, 1889, 949.) From urine. 

Bacillue figuraneVaufideji, (Vaughan, 
Amer. Jour. Med. Sci., W4, 1892, 107; 
not Bacillue figurane Crookshank, Man. 
of Bact., Ist ed., 1886.) From water. 

Bacillue finitimue ruber Dyar. (Ann. 
N.Y. Acad. Sci., 8,1896,361.) From air. 

Bacillue flavideecene Migula. (Ba* 
eillue aquatilie eulcatue v, Weicl^i- 
baum, Das dsterreichische Sanit&tswe- 
sen, 1889, No. 14^23; Bacillus aquatilie 
eulcatue Kruse, in FlQgge, Die Mikro¬ 
organismen, 3 Auia., B, 1896, 382; Migula, 
Syst. d. Bakt., B, 1900, 734; Bacillue 
weicheelhaumii Chester, Man. Determ. 
Bact., 1901, 218.) From water. 

Bacillus flavoides Castellani. (Proc. 
Soc. Exp. Biol, and Med., B6, 1928, 539.) 
From the human skin. 

Bacillue flavue Eckstein. (Ztschr. f. 
Forst- u. Jagdwesen, B6, 1894, 12; not 
Bacillue flavue Fuhrmann, Cent. f. 
Bakt., II Abt., 19, 1907,117; not Bacillue 
flavue Bergey et al., Manual, Ist ed., 
1923, 286.) From dead larvae of a 
butterfly (Vaneeea polychlorue), 

Bacillue flexuosue Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 460; 
Bacterium flexuoeue Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 100.) 
From river water. 

Bacillue floccoeue Kern. (Kern, Arb. 
bakt. Inst. Karlsruhe, /, Heft 4, 1896, 
424; not Bacillus floccoeue Weinberg et 
al., Les Microbes Ana^robies, 1937,698.) 
From the stomach and intestines of 
birds. 

Bacillue fluidificane DeToni and Trevi¬ 
san. (Bacillue fluidificane parime Mag- 
giora, Oiom. Soc. ital. dTgicne, it, 1889, 
844; DeToni and Trevisan, in Saccardo, 
SyUogs Fungorum, 8, 1889,969.) Prom 

tbsakin. 
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Bacillus fluorescvns Chester. (Bacil¬ 
lus fiuorcscevs an revs ^tinniermanii, 
Bakt. unserer Trink- u. Nut^wiisser, 
Chemnitz, i, 1800, 14; Bacteriuw fluo~ 
rescevs aureus Chester, Ann. Hept. Del. 
Col. Agr. Exp. Sla.. 9, 1897,109; Chester, 
Man. Detenu. Baet., 1901, 255; not Ba¬ 
cillus fluoresce ns Trevisan, I generi e le 
specie delle Batteriaeee, 1889, 19; not 
Bacillus fluvresf eus Bergey ct al., Man¬ 
ual, 1st etl., 1923, 287.) From water. 

Bueillus fltiorcscens Pugliani, Maggiora 
and Fratini. (Pagliani et al., Giorn. d. 
Soc. ital. d’lgienc, 9, 1887, 587; not Ba¬ 
cillus fluorcscens Bergey el al.. Manual, 
Ist ed., 1923, 287; Bacillus jtaglianii 
Trevisan, I generi e le specie delle 
Batteriacee, hSSO, 19; not Bacillus ftag- 
lianit Carlxmc and \'etnurelli. Boll. Ist. 
Sieroter., Milan, 4. 1925, 59.1 From 
whaler and soil. 

Bacillus fluoresevns aihus Ziinmer- 
mann. (Bakt. unserer Trink- u. Nutz- 
wasser, Chemnitz, /. 1890, 18.*) From 
water. 

Bacillus fluoresce ns bnregensis Hobine 
and Hauduroy. (Compt. rend. Soc. 
Biol. Paris, 98^ 1928, 25.) From the 
water of hot sulfur springs. Fourment 
(Compt. rend. Soc. Biol. Paris, 98^ 1928, 
588) states that this organism is a variety 
of Bacillus flvorescens liquefaciens Kruse, 
but Robine and Hauduroy (Compt. 
rend. Soc. Biol. Paris, PP, 1928, 317) 
deny this. 

Bacillus fluorescens liquefaciens minu- 
tissimus Unna and Tonimasoli. (Quoted 
from Sternberg, Man. of Bact., 1893, 
636.) From the surface of the body in 
cases of eczema seborrhoeicum. 

Bacillus fluorescens longus Zimnier- 
mann. (Zimmermann, Bakt. unserer 
Trink- u. Nutzwlisser, C^hemnitz, i, 
1890, 20; Bacteriuvi fluorescens longus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 124.) From w'ater. 

Bacillus fluorescens tenuis Zimmer- 
numn. (Zimmermann, Bakt. unserer 
Trink* u. Nutza^fisser, Chemnitz, /, 
1890, 14; Bacterium fluorescens tenuis 
Chester, Ann. Rept. Del. C<d. Agr. 


Exp. Sta., P, 1897, 124.) From water. 

Bacillus foetidus Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen, PP, 1894, 12.) 
From dead larvae of a butterfly (Vanessa 
urticae). 

HacUlus foetidissimus Migula. (Ba¬ 
cillus pyogenes foetidus liquefaciens Lanz, 
('ent. f. Bakt., 14 , 1893, 269; Bacterium 
pyogenes foetidus liquefaciens Chester, 
.\nii. Kept. Del. Col. .Agr. Exp. Sta., P, 
1897. 92; Migula, Syst. d. Bakt., P, 19(X), 
043.) I'roin a brain al^scess. 

HacUlus fo)tissimus Weiss. (Arb. 
bakt. Inst. Karlsruhe. P, Heft 3, 1902, 
200.) From asparagus ami brewer's 
grain infiLsions. 

Bacillus fuliginosus Weiss. (Arb. 
bakt. Inst. Karlsruhe, P, Heft 3, 1902, 
224.' From vegetable* infusions. 

Bacillus fulvus Fdington. (Edington, 
Brit. Med. Jour.. June 11. 1887, 1262; 
not Bacillus fulrus Zinunermann, Bakt. 
unserer Trink- u. .\utzua8.ser, Chem¬ 
nitz, /, 1890, 44; not Bacillus fulvus 
Migula, Syst. il. Bakt., 1900, 844.) 
.A.s8ociated with cases of .scarlatina. 
Not pathogenic. 

Badillus fulrus Migula. (Bacillus tu¬ 
ber igenus 4. G()nnermann, Landwirtsch. 
Jahrb., 1894, 056; Migula, Syst. d. 
Bakt., P. 1900, 844; not Bacillus fulvus 
Zimmermann, Bakt. unserer Trink- u. 
Xutzwasser, Chemnitz, /, *1890, 44.) 
From root nodules on lupine. 

Bacillus fumeus Migula. (No. 5, 
Lembkc, Arch. f. Hyg., PP, 1897, 313; 
Migula, Syst. d. Bakt., P, 1900, 787.) 
From feces. 

Bacillus fumosus Migula. (No. 4, 
Lembke, Arch. f. Hyg., SO, 1897, 312; 
Migula, Syst. d. Bakt., P, 1900, 788.) 
From feces. 

Bacillus fungosus Weiss. (Arb. bakt. 
Inst. Karlsruhe, P, Heft 3, 1902, 255.) 
From fermenting beets. 

Bacillus fuscans Miller. (Miller, Die 
MikPoorganismen der Mundhdhle, lieip* 
zig, 1889, 70.) Prom the mouth. 

Bacillus fuseeicens Migula. (Bacillus 
fuscus limhatuB Scheibenzulier, Allgem. 
Wiener med. Zeitung, 94, 1880, *171; 
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Bacterium fuscus limbatua Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
117; Migula, Syst. d. Hakt., e, 1900, 836; 
Bacterium fueceecejie Chester, Man. 
Determ. Bact., 1901,179; Bacillus fuecua 
Chester, ibid., 261; not Bacillus fuscus 
PlOgge, Die Mikroorganismen, 2 Aufl., 
1886, 290; not Bacillus fuscus Zimmer- 
mann, Bakt. unserer Trink- u. Nutz- 
wftsser, Chemnitz, /, 1890, 70.) From 
rotten eggs. 

Bacillus gallieri Trevisan. (Microbe 
pathogdne chromo-aromatique du pore. 
Gal tier, Compt. rend. Acail. Sci. Paris, 
106, 1888, 1368; Trevisan, I generi e le 
specie delle Batteriacce, 1889, 14; Ba¬ 
cillus chromoaromaiicus Eisenberg, Bakt. 
Diag., 3 AuH., 1891, 360; Bacterium chro- 
mo-aromaticus Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897,119; Bacillus 
helvolus Chester, Man. Determ. Bact., 
1901, 264; not Bacillus helvolus Zimmer- 
mann, Bakt. unserer Trink- u. Nutz- 
wusser, Chemnitz, 1, 1890, 52.) From 
lesions in a case of broncho-pneumonia 
in hogs. 

Bacillus gasofomians Pribram. (Bac¬ 
terium aquatile gasofonnans non lique- 
faciens von Rigler, Hyg. Rund., 12, 1902, 
482; Bacterium gasoformans non lique- 
faciens von Rigler, ibid., 485 and Cent, 
f. Bakt., I Abt., Ref., 31, 1902, 682; 
Bacillus aquatilis gasoformans non lique- 
faciens Pribram, Klassihcation der Schi- 
zomyceton, I^ipzig und Wien, 1933, 83; 
ibid., 83.) From bottled mineral waters. 
Similar to roliform bacteria except that 
it is a yellow chromogen. 

Bacillus gaytoni Cheshire. (Bees and 
Bee Keeping, London, 2, Part 13, 1886, 
543 and 569.) Found in black bees 
(.I7/1S mellifera), i.e., black because of 
t he loss of hairy covering. 

Bacillus gclatinosus Migula. (Bac¬ 
terium gelatinosum betas Glaser, Cent, 
f. Bakt., II Abt., 1, 1895, 879; Migula, 
Syst. d. Bakt., 2, 1900, 805.) From beet 
juice. 

Bnvillus gclatogcucs Black. (Trans. 
111. State Denial Soc., 22, 1886, 187.) 
Prom the moiilh. 


Bacillus geton Trevisan. (Bacille dc 
Peau b. Babes, in Cornil and Bal^s, Lcs 
Bact^ries, 2nd ed., 1886, 168; Trevisan, 
I generi e le specie delle Batteriacce, 
1889, 19.) From water. 

Bacillus gigas Godt. (Goot, Med. 
Proefstat. voor de Java Suikerindustrie, 
Pt. 5, No. 10, 60 pp., quoted from Stein- 
haus, Bact. Assoc. Extracell. with In¬ 
sects and Ticks, Minneapolis, 1942, 58; 
not Bacillus gigas Zeissler and Rassc- 
feld. Arch. f. wiss. u. prakt. Tierheilk., 
SO, 1929, 419.) From larval and adult 
stages of a beetle (Adoretus comjnressus). 

Bacillus (:^) gingivae Migula. (Bac¬ 
terium gingivae pyogenes Miller, Die 
Mikroorganismen der Mundhohlc, Leip¬ 
zig, 1889, 217; Bacillus pyogenes gingivae 
Kruse, in FlOgge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 287; Migula, Syst. d. 
Bakt., 2, 1900, 642.) From the oral 
cavity. 

Bacillus glaucns Maschek. (Maschek, 
Bakt. I’nlorsuch. d. Leitmeritz. Trink- 
wasser, Jahresber. d. Oberrcalschulc zu 
Leitmeritz, 1887; quoted from Sternberg, 
Man. of Bact., 1893,637; Bacterium glau- 
cus Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 116.) From water. 

Bacillus globosus Migula. (Bacterium 
A, Peters, Botan. Zeit., 47, 1889; Migula, 
Syst. d. Bakt., 2, 1900, 798.) From fer¬ 
menting dough. 

Bacillus globulosus Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 253.) 
From sauerkraut and bean infusions. 

Bacillus gonnermanni Migula. (Ba¬ 
cillus tubertgenus II, Gonnermann, Land- 
wirtsch. Jahrb., 23, 1894, 656; Migula, 
Syst. d. Bakt., 2, 1900, 682.) From root 
nodules on a lupine. 

Bacillus gortynae Paillot. (Compt. 
rend. Acad. Sci., Paris, 157, 1913, 611.) 
From caterpillars of Gortyna ochracea. 
A coccobacillus. 

Bacillus gradlesccns Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
26.) From Swiss cheese. 

Bacillus gracilis Kern. (Kern, Arb. 
luikt. Insl. Karlsruhe, 1, Heft 4, 1896, 
421; not Bacillus gracilis Zimmermann, 
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Bakt. unaerer Trink- u. Nutzw&sser, 
Chemnits, I, 1890, 50; Bacillus graeilior 
Migula, Syst. d. Bakt., F, 1900, 664.) 
From the stomach and intestines of 
birds. 

BaciUui graciHa aerohiem Vaughan. 
(Amer. Jour. Med. Sci., 704, 1892, 187.) 
From water. 

Bacillus gracilis anaerolnescens 
Vaughan. (Amer. Jour. Med. Sci., 104, 
1892, 187.) From water. 

Bacillus gracilis cadaveris Sternberg. 
(Sternberg, Man. of Bact., 1893, 733; 
Bacterium gracilis cadveris Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
81.) From the human liver. 

Bacillus grandis Trevisan. (Bacille 
de Fair A, Babes, in Cornil and Babes, 
Les Bact^ries, 2nd ed., 1886, 150; Trevi¬ 
san, I generi e Ic specie dclle Batteriaeee, 
1889, 20.) From air. 

Bacillus granulatus Chester. (Bacil¬ 
lus aquaiilis solidus Lustig, DifCg. Bakt. 
d. Wassers, 1893; Bacterium aquaiilis 
solidus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9,1897,76; Chester, Man. 
Determ. Bact., 1901, 223.) From water. 

Bacillus granulosus Losski. (I.osskt, 
Inaug. Dies., Dorpat, 1893, 25; not Ba¬ 
cillus granulosus Russell, Ztschr. f. 
Hyg., 11 j 1892, 99; not Bacillus granulo¬ 
sus Gerstner, Arb. bakt. Inst. Karlsruhe, 
/, Heft 2, 1894, 167; Bacillus subgranulo- 
BUS Migula, Syst. d. Bakt., 2, 190rt, 820.) 
From sand on the Riga coast. 

Bacillus grar>eolens Bordoni-Uffre- 
duzzi. (Bordoni'UfTreduzzi, Fortschr. 
d. Med., 4t 1886,157; not Bacillus graveo- 
lens Russell, Ztschr. f. Hyg., 11, 1892, 
99; not Bacillus graveolcns Gottheil, 
Cent. f. Bakt., II Abf., 7, 1901, 496; 
Bacterium graseolens Eisenberg, Bakt. 
Diag., 3 Aufl., 1891, 108.) From skin 
between the toes. 

Bacillus grawitzi Trevisan. (Bacillus 
der Acne Contagiosa des Pferdes, Diec- 
kerhoff and Grawitz, Arch. f. path. 
Anat., 102, 1885, 148; Trevisan, 1 generi 
e le specie delle Batteriaeee, Milan, 1889, 
13; Bacillus acnes eoviagiosac Kruse, in 
FlOgge, Die Mikroorganisnicn, 3 Aufl., 


2, 1896, 445; Bacterium acnes contagiosav 
Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 89; Bacterium acnes 
Migula, Syst. d. Bakt., 2, 1900, 385; 
Bacterium gramizii Chester, Man. De¬ 
term. Bact., 1901, 154.) From acne 
pustles in horses. 

Bacillus griseus Migula. (Grauer Ba¬ 
cillus. Keck, Inaug. Diss., Dorpat, 1891, 
51; Migula, Syst. d. Bakt., 2, 1900,*785.) 
From water. 

Bacillus haemaioides Wright. (Wright, 
Mem. \at. Acad. Sci., 7, 1895, 448; Bac¬ 
terium haemaioides Chester, Ann. Rept. 
Del. Col. .\gr. Exp. Sta., 9, 1897, 115.) 
From river water. 

Bacillus hajeki Trevisan. (Bacillus 
foelxdus ozacnae Hajck, MOnch. med. 
Wochnsehr., 1887 and Berliner klin. 
Wochnschr., 1888, 662; Trevisan, I 
generi e Ic specie dcllc Batteriaeee, 1889, 
16; Baaltus ozacnae Migula, Syst. d. 
Bakt., 2, ll'OO, 645; not Bacillus ozacnae 
Abel, C'cnt. f. Bakt., 13, 1893, 167; Bac- 
tenum foeitdus ozaenae Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta.. 9, 1897, 
134.) From nasal mucus in human 
ozena 

Bacillus halobicus Ilorowitz-Wlassowa. 
(Ztschr. f. Unters. d. Lebensm., 62, 1931, 
597.) From brines used in salting fish. 

Bacillus halophilus Russell. (Russell, 
Ztschr. f. Hyg., 11, 1891, 200; Bacterium 
halophilus Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 93 and 135.) 
From sea water and marine mud. 

Bacillus havaniensis Migula. (Bacil¬ 
lus havaniensis liquefactens Sternberg, 
Man. of Bact., 1803 , 686; Bacterium 
havaniensis liquefactens Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
97; Migula, Syst. d Bakt., 2, 1900, 725; 
not Bacillus havaniensis Sternberg, loc, 
cit., 718.) From the skin. 

Bacillus helvolus granulatus Dyar. 
(Ann. N. Y. Acad. Sci., B, 1895, 374.) 
Apparently a variety of Bacillus helvolus 
Zimmermann. 

Bacillus heminccrobwphilus Arloing. 
(Compt. rend. Arad. Sci., PariS| 107, 
1888,1169 and tOB, 1889, 458.) Frvim the 
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lymph glands of an experimental guinea 
pig- 

Bacillus hepaiicus fortuitus Sternberg. 
(Sternberg, Man. of Bact., 1893, 649; 
Bacterium hejtaiicus fortuitus Chester, 
Ann. Itopt. Del. Col. Agr. E.\p. Sta., 9, 
1897, 136.) From the liver of a yellow- 
fever cadaver. 

Bacillus herrmanni Migula. (Ejn 
ncuer Ka{>sclba3illu8, Ilcrzfcld and Herr¬ 
mann, Hyg. Rundschau, 5, 1895, 642; 
Migula, Syst. d. Bakt., e, 1900, 647.) 
From a nasal secretion. 

Bacillus hofmanni Migula. (Hof¬ 
mann, Wochnschr. f. Forstwirtsch., 1891, 
No. 1-6 and No. 36-39; Migula, Syst. d. 
Bakt., £, 1900, 742.) From the larvae 
of the nun moth (Lymaniria monacha). 

Bacillus hudsouii Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 369; Bacterium hud- 
sonit Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 106.) From air. 

Bacillus humilis Trevisan. (Bactdrie 
do Fair No. 1, Babes, in Cornil and 
Babes, Les Bact<$ries, 2nd ed., 1886,140; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 20.) From air. 

Bacillus hydrocharis Trevisan. (Ba- 
cillc de Feau c. Babes, in Cornil and 
Babes, Les Baetdries, 2nd od., 1886, 168; 
T/evisan, I generi e le specie delle 
Baltcriacee, 1889, 19.) From water. 

Bacillus hydrosuljureus Migula. (Ba¬ 
cillus oogenes hydrosuljureus f Zorken- 
dorfer, Arch. f. Hyg., 16, lvS93, 388; 
Migula, Syst. d. Bakt., 8, 1900, 695.) 
From hens’ eggs. 

Bacillus icterogcncs Kruse. (Guar- 
nieri, Acc. med. lioma, 87/88 and Vin¬ 
cent, Semaine m^dicale, 1893, 29; Kruse, 
in Flilggo, Die Mikroorganismen, 3 .\ufl., 
g, 1896, 372; Bacterium icterogcncs Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta., P, 1897, 69.) From the liver and 
blood in cases of acute yellow atrophy. 

Bacillus incanus Pohl. (Pohl, Cent, 
f. Bakt., //, 1892,142; Bacterium incanus 
Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., P, 1897, 90; Bacterium incan- 
num (sic) Chester, Man. Determ. Baet., 
1901, 157.) From swamp water. 


Bacillus indigogenus Alvarez. (Al> 
varez,Compt. rend. Acad.Sci.,Paris, /05, 
1887,286; Bacterium indigogenus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., P, 
1897,136.) From an infusion of leaves of 
the indigo plant. 

BaciUus inrifisi Trevisan. (Bacille de 
F^l^phantiasis des Arabes, Innes, Bull. 
Ist. £gypt. de 1886, Cairo, 1887; Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 13.) From the blood in cases of 
elephantiasis in Egypt. 

BaciUus inodorus Trevisan. (I generi 
c le specie delle Batteriacee, 1889, 16.) 
From pus. 

Bacillus intestinus motilis Sternberg. 
(Sternberg, Man. of Bact., 1893, 649; 
Bacterium intestinus motilis Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., P, 
1897, 74.) From intestines of yellow 
fever cadavers. 

Bacillus inutilis Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 364.) From air. 

Bacillus kappa Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 375.) From diseased 
larva of a moth (Scoliopteryx lihatrix). 

Bacillus klebsii Trevisan. (Bacillus 
typhosus Klebs, Handb. d. path. Anat., 
1880 and Arch. f. exper. Pathol, u. 
Pharmac., IS, 1881, Heft 5-6; Trevisan, 
Car. di ale. nuov. gen. di Battr., 1885, 
10 ; Trevisan, I generi e le specie delle 
Batteriacee, 1889, 14; not BaciUus 

typhosus Zopf, Die Spaltpilze, 3 Aufl., 
1885, 126.) From an intestinal necrosis. 

Bacillus klcckii Migula. (Bacillus 
hutyri II, v. Klccki, Cent. f. Bakt., 16, 
1894, 360; Migula, Syst. d. Bakt., P, 
1900,810.) From rancid butter. 

Bacillus klcinii Trevisan. (Bacillus 
de la diarrln5e choleriforme, Klein, Mi¬ 
cro-organisms and Disease, 1885, 87; 
Trevisan, in I>cToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
946; not Bacillus klcinii Migula, Syst. 
d. Bakt., 2, 1900, 766; not BaciUus klcinii 
Buchanan and Hammer, Iowa Agr. 
Exp. Sta. Res. Bull. 22, 1915, 276.) 
From the blood in fatal cases of choleraic 
diarrhoea. 

Bacillus kieinii Migula. (Eiii neuer 
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Bacillus des malignen Oedems, Klein, 
Cent. f. Bakt., W, 1891, 186; BacUlua 
j)9€udo-oedemati8 maligni Sanfelice, 
Ztschr. f. Hyg., 14, 1893, 353; BaeiUua 
oedematia aerobicua Sternberg, Man. of 
Bact., 1893, 465; Bacillva oedamaiia 
aarobiua Kruse, in Fldgge, Die Mikro> 
organismen, 3 Aufl., f, 18M, 244; Bac- 
terium oedematia aerohiua Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., P, 1897, 
75; Migula, Syst. d. Bakt., P, 1900, 766; 
not Bacillus kleinii Trevisan, in De- 
Toni and Trevisan, in Saccardo, Sylloge 
Fungorum, 8, 1889, 946; not Bacillua 
kleinii Buchanan and Hammer, Iowa 
Agr. Exp. Sta. Res. Bull. 22, 1915, 276; 
Bacillua aerobiua Chester, Man. Determ. 
Bact., 1901, 221.) From a guinea pig 
inoculated with soil. 

Bacillua komii Chester. (Bacillus bei 
einem Leberabscess, Korn, Cent. f. 
Bakt., F/, 1897, 438; Chester, Man. De¬ 
term. Bact., 1901, 252.) From a case of 
liver abscess. 

Bacillua lactia Chester. (Bacillus b, 
Guillebeau, Ann. Microg., //, 1898-1899, 
225; Chester, Man. Determ. Bact., 1901, 
238; not BaeiUua lactia Neide, Cent. f. 
Bakt., II Abt., 12, 1904, 337.) From 
milk. 

Bacillua lactofoetidua Migula. (Bacil 
luafoetidua lactia Jensen, 22de Beretning 
fra den Kgl. Veterin og Landbohojskoles 
Laboratorium for landdkonomlske For- 
soeg, Copenhagen, 1891, 15; Migula, 
Syei. d. Bakt., 2, 1900, 740.) From 
tainted milk and butter. 

Bacillua laneeolatua Mattes. (Sitz- 
ungsber. d. Gesells. z. Beforderung d. 
gesam. Naturw^. z. Marburg, 62, 1927, 
381-417.) From benign foulbrood of 
bees (Apia mellifera). 

BaeiUua lartieida Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 377; Bacterium 
larvieida Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., P, 1897, 103.) From the 
exudate of a diseased larva of a moth 
(Cliaiocampa fragilia), 

BaeiUua laaaari Trevisan. (Bacillus 
des lichen ruber, Lassar, sec FlOgge, Die 
Mikroorgaiiitmen, 2 Aufl., 1886, 230; 


Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 14.) From lichen rubor, 
a skin disease. 

Bacillua lentiformia Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1896, 418.) 
From the stomach and intestines of 
birds. 

BadUua leptinotaraae White. (Proc. 
Ent. Soc. Wash., SO, 1928, 71; Jour. Agr. 
Res., 61, 1935, 22^,) From diseased 
larvae of the Colorado potato-beetle 
(Leptinetaraa deeemlineata). 

Baeiilua leaagei Trevisan. (Bacille de 
la diarrh4e verte des enfants, Lesage, 
Bull. Acad. M4d., Paris, October, 1887; 
Trevisan, I generi e le specie delle Batter- 
iacee, 18^, 14; Bacillua viridia Kruse, in 
Fltlgge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 292; Bacterium viridia Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., P, 
1897, 118.) Associated with green diar¬ 
rhoea of children. 

Bacillua limhatua Migula. (Bacillua 
limbatua butyri von Klecki, Cent. «f. 
Bakt.,/5,1894,359;Migu]a,Syst. d. Bakt., 
2, 1900,62.) From rancid butter. 

Bacillua limicola Russell. (Bot. Gaz., 
18, 1893, 383.) From sea water and 
marine mud at Woods Hole, Massa¬ 
chusetts. 

Bacillua lineaiua Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen, 26, 1894, 17.) 
From larvae of the nun moth (Lymantria 
monacha), 

Bacillua lineatua Migula. (Bakterie 
V, Weigmann and Zirn, Cent. f. Bakt., 
16, 1894, 467; Migula, Syst. d. Bakt., 2, 
1900,806; not BaeiUua lineatua Eckstein, 
Ztschr. f. Forst- und Jagdwesen, 26, 
1894, 17.) From soapy milk. 

Bacillua liparia Paillot. (Compt. 
rend. Acad. Sci., Paris, 164, 1917, 527.) 
From larvae of the gypsy moth (Portharia 
(Lymantria) diapar), 

Bacillua liquefadena Doyen. (BaciU 
lua urinae liquefadena Doyen, Jour. d. 
connaiss. m4dic., 1889, 108; Doyen, 
idem; not Badllua liquefadena Eisen- 
berg, Bakt. Diag., 3 Aufl., 1891, 112.) 
From urine. 

Badllua liquefadena Migula. (BadU 
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luB aulcaluB liquefacienB Kruse, in Flttgge, 
Die Mikroorganismen, 3 Aufl., £, 1896, 
318; Migula, Syst. d. Bnkt., £, 1900, 723; 
not BaciUuB liquefaciens Eisenberg, 
Bakt. Diag., 3 Aufi., 1891, 112 .) From 
water. 

BacilluB liquefaciens albus Vaughan. 
(Amcr. Jour. Med. Sci., 104 , 1892, 185.) 
From water. 

Bacillus liquefaciens communis Stern¬ 
berg. (Sternberg, Man. of Bact., 1893, 
686 ; Bacterium liquefaciens communis 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 8 , 1897, 137.) From the feces of 
yellow fever patients. Considered by 
Chester (/oc. cit., 91) to be synonymous 
with Bacillus aquatilis communis Kruse. 

Bacillus liquidus communis Sternberg. 
(Manual of Bact., 1893, 686 .) From 
feces. 

Bacillus lilorosus Russell. (Hot. Claz., 
/ 8 , 1893, 444.) From sea water and 
marine mud at Woods Hole, Massa¬ 
chusetts. 

Bacillus loxiacida Tartakowsky. 
(Arch. d. Vetorinarw’iss., 1888; quoted 
from Chester, Man. Determ. Bact., 
1901, 211.) Associated with an in¬ 
fectious disease of crossbills. 

Bacillus lucidus Migula. (No. 8 , 
Lembko, Arch. f. Hyg., SG, 1896, 303; 
Migula, Syst. d. Bakt., 2, 1900, 074.) 
From feces. 

Bacillus lupi Trevisan. ( I generi e le 
specie delle Battcriacec, 1889, 12 .) 

From lupus, a skin disease. 

Bacillus lupini Migula. (Bacillus ta- 
berigenus 7, Gonnermann, Landwirtsch. 
Jahrb., £5, 1894 , 657; Migula, Syst. d. 
Bakt., f, 1900, 793.) From root nodules 
on lupine. 

Bacillus lusligii Trevisan. (Bacillo 
inoffensivo del Myiilus cdulis, Lustig, 
Arch, per le sci. med., 12, 1887, 17; 
Trevisan, see DcTorii and Trevisan, in 
Saccardo, Sylloge Fungorum, 8 , 1889, 
958; not Bacillus lustigii Carbone and 
Venturclli, Boll. 1st. Sieroter., Milan, 4, 
1925, 59.) From the liver of a mussel 
(MfftiluB edultB). 

BaeilluB * luUo^attmB Beijerinok. 


(Botan. Zeit., 46, 1888, 749.) From root 
nodules on legumes. 

Bacillus lutetiensis Chester. (UaciUuB 
violaceus lutetiensis Kruse, in Flagge, 
Die Mikroorganismen, 3 Au6., 2, 1896, 
311; Chester, Man. Determ. Bact., 1901, 
206.) From water. 

Bacillus luteus FlQgge. (Die Mikro- 
organismen, 2 Aufl., 1886,290; not Bacil¬ 
lus luteus von Dobrzyniecki, Cent. f. 
Bakt., I Abt., 21, 1897, 835; not Bacillus 
luteus Garbowski, Cent. f. Bakt., II 
Abt., 19, 1907, 641.) From air. 

Bacillus lymantriae Picard and Blanc. 
(Picard and Blanc, Compt. rend. Acad. 
Sci., Paris, 167, 1913, 80; Bacillus lyman- 
tria Cl Paillot, ibid., 168, 1919, 258; Bacil¬ 
lus (Bacterium) lymantriae Paillot, L’in- 
fection chez les insectes, 1933,131; Cocco- 
hacillus lymantriae Steinhaus, Catalogue 
of Bacteria Associated Extracellularly 
with Insects and Ticks, Minneapolis, 
1942, 64 and 183.) From diseased larvae 
of the gypsy moth (Portheria (Lyman- 
tria) dispar). 

Bacillus lymantriae 6 Paillot. (Compt. 
rend. Acad. Sci., Paris, 168, 1919, 258.) 
From diseased larvae of the gypsy moth 
(Portheria (Lymantria) dispar). 

Bacillus lymantricola adiposus Paillot. 
(CJompt. rend. Acad. Sci., Paris, 168, 
1919, 258; Bacterium lymantricola adi- 
]H)8us Paillot, L’infection chez les in¬ 
sectes, 1933, 135.) From caterpillars of 
Portheria (Lymantria) dispar. 

Bacillus madidus Migula. (No. 5, 
I^mbke, Arch. f. Hyg., 26, 1896, 300; 
Migula. Syst. d. Bakt., 2, 1900, 812.) 
From bread. 

Bacillus maggiorae DeToni and Trevi¬ 
san. (Bacillus B, Maggiora, Giorn. 
Sot. ital. d’lpene, 11, 1889, 340; DeToni 
and Trevisan, in Saccardo. Sylloge 
Fungorum, 8, 1889, 968.) From the skin 
of the human foot and from air. 

BaeiUus mojorDoyen. (Bacillus urinae 
major Doyen, Jour. d. connaiss. m5dic., 
1889, 107; Doyen, ibid., 108.) From 
urine. 

Bacillus malarias Klebs and Tommasi- 
Crudeli. (Arch. f. exper. Pathol., 2 , 
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1879.) From swamp soil. See Stern¬ 
berg, Man. of Bact., 1893, 523. 

Bacillus mammitidis Migula. (Bacil¬ 
lus a, Guillebeau, Ann. dc Microg., 8, 
1890, No. 8; Migula, Syst. d. Bakt., S, 
1900, 810.) From the milk of cows hav¬ 
ing mastitis. « 

BaeiUus manQanieus Beijerinck. 
(Folia Microbiol., Delft, f, 1913, 130.) 
From soil. Motile. Is able to oxidize 
manganese carbonate. 

Bacillus margarineus Migula. (Diplo- 
coccus capsulatus margarineus Jolles 
and Winkler, Ztschr. f. Hyg., £0, 1895, 
103; Migula, Syst. d. Bakt., f, 1900,694.) 
From margarine. 

Bacillus maricola Migula. (Halibac- 
terium jiolymorphum Fischer; Die Bak- 
tierien des Meeres. 1894 . 36; Migula, 
Syst. d. Bakt., 1900, 709.) From sea 
water. 

Bacillus niarsilliensis Kruse. (Bacil¬ 
lus of Marseilles swine plague, Rictsch 
and Jobert, Coinpt, rend. Acad. Sci., 
Paris, 106, 1888, 1096; Kruse, in FlOgge, 
Die Mikroorganismcn, 3 .4uf1.. 2, 1806, 
405; Bacterium marsiliensis Chester, 
Ann. Kept. Del. Col. Agr. E.\p. Sta., 
P, 1807, 67.) Associated with a di8ea.se 
of swine. 

Bacillus martinez Sternberg. (Stern¬ 
berg, Man. of Bact., 1893, 651; Bacillus 
martinezii Dyar, Ann. X. Y. Acad. Sci., 
8 , 1895, 364; Bacterium martinezii Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta., P, 1897, 83.) From the liver of a 
yellow fever cadaver. Dyar isolated an 
organism from the air to which he applied 
Sternberg’s name as the descriptions of 
the two species did not disagree. 

Bacillus meleagridis Migula. (Me- 
Fadyean, Jour. Comp. Path, and 
Therap., 6, 1893, 334; Migula, Syst. d. 
Bakt., P, 1900, 770; Bacillus meleagris 
Chester, Man. Determ. Bact., 1901,220.) 
The cause of epizootic pneumo-carditis 
in turkeys. 

Bacillus meUeus Schroeter. (In Cohn, 
Kryptog. Flora v. Schlesien, 5, 1, 1886, 
158.) From feces and other sources. 

PaciUusmeloionthaeChBiion. (Compt. 


rend. Acad. Sci., Paris, IS6, 1913, 1708.) 
From diseased cockchafers (Melolontha 
melolontha). 

Bacillus melolonthae liquefaciens a, 0 
and y Paillot. (Compt. rend. Acad. 
Sci., Paris, 167, 1918, 1046; Annalcs des 
£piphyties, 8, 1922, 108-110; B, melo¬ 
lonthae liquefaciens a, 0 and y Paillot, 
L’infection chez les insectes, 1933, 173, 
196 and 189 respectively. According 
to the index the /f. is used for Bacterium.) 
From diseased cockchafers (Melolontha 
melolontha). 

Bacillus melolonthae non-liquefaciens 
a,0&nd y Paillot. (Compt. rend Acad. 
Sci., Paris, 16S, 1916, 553; Annales des 
fipiphyties, 8, 1922, 111-113.) From dis¬ 
eased cockchafer (Melolontha melo¬ 
lontha). 

Bacillus melolonthae non-litfuefadens 
6 Paillot. (Compt. rend Acad. Sci., 
Paris, 167, 1918, 1046; Annales des £pi- 
phyties, 8, 1922, 113.) From diseased 
cockchafers (Melolontha melolontha). 

Bacillus melolonthae non-liquefaciens 
c Paillot. (Compt. rend. Acad. Sci., 
Paris, 169, 1919, 1122; Annales des fipi- 
phyties, 8, 1922, 114.) P>om diseased 
cockchafers (Melolontha melolontha). 

Bacillus membranaceus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4. 1896, 
407.) P>om the stomach and intestines 
of a bird. 

Bacillus meningitidis Migula. (Bacil¬ 
lus aerogenes meningitidis Centanni, 
-Arch, per le scienze mediche, 17, 1893, 
Xo. 1; Bacterium meningitidis aerogenes 
Chester, Ann. Rept. Del. Col. .Agr. 
Exp. Sta., 9, 1897 , 96; Migula, Syst. d. 
Bakt., 2, KXX), 642; Bacillus radiatus 
Chester, Man. Determ. Bact., 1901, 241.) 
From two cases of meningitis. 

Bacillus metabolicus DeToni and Tre- 
visan. (Bacillus H, Maggiora, Giorn. 
Soc. ital. d’lgiene, 11, 1889, 350; DeToni 
and Trevisan, in Saccardo, Sylloge 
Fungorum, 8, 1889, 968.) From the skin 
of the human foot. 

Bacillus metafiavus Castellan!. (Proc. 
Soc. Expt. Biol, and Med., 25, 1928,539.) 
From the human skin. 
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Bacillua minimua Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen, 26, 18^, 16.) 
From caterpillars of the nun moth 
(Lymantria monacha), 

Bacillua minutiaaimua Migula. (Ba¬ 
cillua aureua minutiaaimua Kruse, in 
FlQgge, Die Mikroorganismen, 3 Aufl., 
2, 1806, 441; Migula, Syst. d. Bakt., 2, 
1900, 8^.) From air. 

Bacillua mitidua Henrici. (Arb. bakt. 
Inst. Karlsruhe, I, Keft 1, 1804, 20.) 
From Gouda cheese. 

Bacillua mobilisaimua Migula. (Ba¬ 
cillua oogenea hydroauljureua h, Zoiken- 
ddrfer, Arch. f. Hyg., 16, 1893, 390; Mi¬ 
gula, Sj'st. d. Bakt., 2, 1900,791.) From 
hens’ eggs. 

Bacillua mollia Doyen. (Bacillua 
urinae mollia Doyen, Jour. d. connaiss. 
mddic., 1889, 107; Doyen, ibid., 108.) 
From urine. 

Bacillua morulana Boucquet. {Phy¬ 
topath., 7, 1017) 286.) From diseased 
sugar beets. Associated with curly top 
of sugar beet. 

Bacillua mottei Trevisan. (Motto and 
Protopopoff, Wratsch., 1887, Xo. 21, 
415; abst. in Cent. f. Bakt., $, 1887, 450; 
Trevisan, I generi c le specie dollo 
Batteriacee, 1880, 13.) Associated with 
a rabies-like disease of rabbits and dogs. 

Bacillua (f) mulliformia Castellani. 
(Proc. Soc. Exp. Biol, and Med., 26, 1928, 
530.) From the human skin. 

Bacillua murinua Chester. (Bacillus 
of rat plague, Issatschenko, Cent. f. 
Bakt., 2$, 1898, 873; Chester, Man. 
Determ. Bact., 1001, 224; not Bacillua 
murinua Schroetcr, in Cohn, Kryptog. 
Flora V. Schlesien, 5, 1886, 162.) From 
the spleen and liver of rats attacked in 
St. Petersbuig by a plague. 

Bacillua mycogenea Edwards. (Jour. 
Inf. Die., 2, 1905, 431; Bacterium muco- 
genum Edwards, idem.) From exudate 
of wound infections. Belongs to the 
Bacillua mucoaua capaulatua group. 

Bacillua mytili Trevisan. (Bacillo pa- 
togeno del Mytilus edulis, Lustig, Arch, 
per le Sci. mcd., 12, 1887, 17; Trevisan, 
see DeToni and Trevisan, in Saccardo, 


Sylloge Fungorum, 8, 1889, 058.) From 
the liver of a mussel (Mylilua edulia). 

Bacillua naphthalinicua liquefaciena 
Tausson. (Planta, 4, 1027, 214.) From 
oil-soaked soils at Baku, Russia. Oxi¬ 
dizes naphthalene. 

Bacillua naphthalinicua non-liquefa- 
ciena Tausson. (Planta, 4, 1927, 214.) 
From oil-soaked soils at Baku, Russia. 
Oxidizes naphthalene. 

Bacillua nebuloaua Migula. (Bacillua 
tuberigenua 3, Gonnermann, Land- 
wirtsch. Jahrb., 2$, 1894,^ 656; Migula, 
Syst. d. Bakt., 2, 1900, 844; not Bacillua 
nebuloaua Wright, Mem. Xat. Acad. Sci., 
7,1804,465; not Bacillua nebuloaua Hall6, 
These do Paris, 1898; not Bacillua nebu¬ 
loaua Vincent, Ann. Inst. Past., 21, 1007, 
69; not Bacillus nebuloaua Ooresline, 
Jour. Bart , 27, 1934, 52.) From root 
nodules on lupine. 

Bacillus nccans Trevisan. (Bacillc 
cons^cutif au charbon, Babes, in (Ik>rnil 
and Babes, Ixis Baett^ries, 2nd ed., 1886, 
231; Trevisan, I generi e Ic specie delle 
Batteriacee, 1889, 14.) From rabbiU 
dead from anthrax. 

Bacillua nephnlicua Trevisan. (Ba- 
cille de la n('»phrito bacti^rienne, Babes, 
in Cornil and Babes, I^es Bact dries, 2nd 
ed., 1886, 373; Trevisan, I generi e le 
specie delle Batteiiacce, 1889, 14.) 

From uiine in cases of nephritis. 

Bacillua neurotomae Paillot. (Compt. 
rend. Acad. Sci., Paris, 178, 1924, 247; 
probably identical with Bacterium neuro¬ 
tomae Paillot, L’infection chez les in- 
sectes, 1033,146.) From diseased larvae 
of a sawfly (Seurotoma nemoralia L.). 

Bacillua nitena Migula. (Bacillua 
oogenea hydroaulfureua i, Zorkenddrfer, 
Arch. f. Hyg., 16, 1803, 300; Migula, 
Syst.d. Bakt.,F, 1900,793.) From hens’ 
eggs. 

Bacillua ochroleucua Migula. (Bacil¬ 
lus oogenea hydroaulfureua c, Zdrkenddr- 
fer. Arch. f. Hyg., 16, 1803, 387; Migula, 
Syst. d. Bakt., 2, 1900, 844.) From 
hens’ eggs. 

Bacillua odoratua Weiss. (Weiss, Arb. 
bakt. Inst. Karlsruhe, 2 , 1902, 243; not 
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BaeiUus odaraius Migula, Syst. d. Bakt., 
Jt, 1900> 686; Bacterium odoratum Qmeli- 
ansky, Jour. Bact., 8, 1923, 394.) From 
fermented beets. 

Bacillus odorificans Migula. (Weisser 
stinkender Bacillus, Mascbek, Bakt. 
XJntersuoh. d. Leitmeritzer Trinkw&sser, 
Leitmerits, 1887; Migula, Syst. d. Bakt., 
8, 1900, 711.) From water. Intense 
odor resembling that of liquid manure. 

Bacillus odofificus Omeliansky. 
(Jour. Bact., 8, 1923, 393.) Probably 
intended for Bacillus odorificans Migula. 

Bacillus odorus Henrici. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 30.) 
From cream cheese. 

Bacillus oonergasius Trevisan. (Ba- 
cille du mucus intestinal normal c. 
Babes, in Comil and Babes, Les Bac- 
tdries, 2nd ed., 1886, 153; Trevisan, I 
generi c le specie delle Batteriacee, 
1889, 15.) From normal intestinal 
mucus. 

Bacillus osteomyeliticus Trevisan. 
(Bacille dc Po8t4omy41ite, Rodet; Trevi¬ 
san, 1884; see Trevisan, I generi e le 
specie delle Batteriacee, 1889, 16.) 
From a case of osteomyelitis. 

Bacillus oxylacticus Dyar. (Ann. 
X. Y. Acad. Sci., 8,1895, 369.) Culture 
received from Krkl’s laboratory labeled 
BaciUus oxylacticus; also from air. 

Bacillus pallescens Migula. (Bacillus 
luteus pallescens Losski, Inaug. Diss., 
Dorpat, 1893,44; Migula, Syst. d. Bakt., 
8, 1900, 819.) From garden soil. 

Bacillus pallidus Schroeter. (Schroe- 
tcr, in Cohn, Kryptog. Flora v. Schle- 
sien, 8,1,1886,158; not Bacillus pallidus 
Bredemann and lleigener, Cent. f. 
Bakt., II Abt., 93, 1935, 98.) From 
rooked potato. 

Bacillus jtanificans Laurent. (Bull. 
Soc. R. Bot. Bolg., 1885, 175.) From 
fdnnenting dough. 

Bacillus jtannosus Kern. (Arb. bakt. 
Inst. Karlsruhe, f, Heft 4, 1896, 409.) 
From the stomachs and intestines of 
lurds. 

BaciUus pansinii Migula. (Bacillus 
No. 12, Pansini, Arch. f. path. Anat., 


f88, 1890, 477; Migula, Syst. d. Bakt,, 
8, 1900, 660.) From sputum. 

Bacillus parallelus Edson and Car¬ 
penter. (Vermont Agr. Exp. Sta. Bull. 
167,1912, 593.) From maple sap. Cap- 
sulated. At times feebly fluorescent. 

Bacillus pauUulus Trevisan. (Bacille 
dc Pair d. Babes, in Cornil and Babes, 
I..e8 Bact^ries, 2nd ed., 1886, 149; Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 20.) From air. 

Bacillus ])ectinophorae White and 
Noble. (Jour. Boon. Entomol., 88,1936, 
123.) From diseased pink bollworm 
larvae (Pectinophora gossypiella). 

Bacillus pediculi Arkwright and Bacot. 
(Parasitol., IS, 1921,26.) From the geni¬ 
tal apparatus of the louse (Pediculus 
hufunnus). 

Bacillus jMucidus Doyen. (BaciUus 
urinae pellucidus Doyen, Jour. d. con- 
naiss. m^dic., 1889, 107; Doyen, ibid., 
108; not Bacillus pellucidus Korn, Arb. 
bakt. Inst. Karlsruhe, /, Heft 4, 1896, 
404.) From urine. 

Bacillus perlibrafus Beijcrinck. 
(Cent. f. Bakt., J4, 1893, 831.) From a 
bean infusion. 

Bacillus perroncili Trevisan. (Bacillo 
della pneumonite nodularc dei vitellini, 
Perroncito, Parassiti delPuomo e degli 
animali utili, 1882, 52; Trevisan, I generi 
e le specie delle Batteriacee, 1889, 13.) 
From pulmonary nodules in contagious 
pneumonia in calves. 

Bacillus petersii Migula. (Bacterium 
B, Peters, Botan. Zeit., 47, 1889; Bac¬ 
terium acidi lactici Kruse, in Fltlgge, 
Die Mikroorganismen, 3 Aufl., 8, 1896, 
357; not Bacterium acidi lactici Zopf, Dio 
Spaltpilze, 2 Aufl., 1884, 60; not Bac¬ 
terium acidi lactici I and II Grotenfelt, 
Fortschr. d. Med., 7, 1889, 123; not Bac¬ 
terium acidi lactici Migula, in Engler 
and Prantl, Die natOrl. Pflanzenfam., 
/, la, 1895, 25; Migula, Syst. d. Bakt., 
t, 1900, 79d.) From fermenting dough. 
Probably Bacterium levans Wolflin. 

BaeiUus phenanthrenicus bakiensis 
Tausson. (Planta, 6, 1928, 230.) From 
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soil. Utilises phenanthrenc and other 
hydrocarbons. 

Bacillus phenanlhrenicus guricus Taus- 
son. (Planta, 5, 1028, 239.) From soil. 
Utilises phenanthrene and other hydro¬ 
carbons. 

Bacillus phenologcnes Berthelot. 
(Ann. Inst. Past., 92^ 1918, 20.) From 
feces. Forms phenol. 

Bacillus pieris agilis Paillot. (Compt. 
rend. Acad. Sci., Paris, 168, 1919, 477.) 
From diseased caterpillars of the cabbage 
butterfly {Pitris hrassicae). 

Bacillus pieris fiuarescens Paillot. 
(Compt. rend. Acad. Sci., Paris, 168, 
1919, 477; Ann. fipiphyt., 8, 1922, 124.) 
From diseased caterpillars of the cab¬ 
bage butterfly (Pieris brassicae). 

Bacillus pieris liquefaciens Paillot. 
(Compt. rend. Acad, ^i.,Paris, 188,1919, 
477; Bacillus pieris liquefaciens a Paillot, 
Annales dcs £piphyties, 8, 1022, 125.) 
From diseased caterpillars of the cabbage 
butterfly (Pieris brassicae). If this 
author followed his usual custom, this is 
identical with his BacL pieris liquefaciens 
in his book, L’infection ches les insectes, 
1933, 135. 

Bacillus pieris liquefaciens 6 Paillot. 
(Annales des fipiphyties, 8, 1922, 126; 
name occurs as B, pieris liquefaciens 
Paillot, L’infcction chez los insectes, 
1933, 299. .\ccording to the indc.x B, 
stands for Bacterium,) From diseased 
caterpillars of the cabbage butterfly 
(Pieris brassicae). 

Bacillus pieris non-liquefaciens a Pail- 
lot. (Compt. rend. .\cad. Sci., Paris, 168, 
1919, 477; B. pieris non-liqucfacins a 
Paillot, L’infection ches les insectes, 
1933, 135 ff. According to the index 
B. stands for Bacterium.) From the cab¬ 
bage butterfly (Pieris brassicae). 

Bacillus pieris nonAiquefaciens 0 Pail¬ 
lot. (Compt. rciid. Acad. Sci., Paris, 
168, 1919, 474; B, pieris nonAiquefaciens 
0 Paillot, L’infection chez les iiA4etes, 
1933, 299; according to the index, the 
B. stands for Bacterium.) From dis¬ 
eased caterpillars of the cabbage butter¬ 
fly (Pieris brassicae). 


Bacillus pUomorphus Migula. (Ba¬ 
cillus murisepticus pleomorphus Kar- 
liiiski. Cent. f. Bakt., 6, 1889, 193; Bac¬ 
terium murisepticus pUomorphus Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897,102; Migula, Syst. d. Bakt., 
8, 1^, 649; Bacillus murisepticus Ches¬ 
ter, Man. Determ. Bact., IWl, 247; not 
Bacillus murisepticus Flflgge, Die Mikro- 
organismen, 2 Aufl., 1886, 250.) From 
pus. 

Bacillus plicatus Frankland and 
Frankland. (Philos. Trans. Roy. Soc. 
I^ndon, 178, B, 1888, 273; not Bacillus 
plicatus Zimmermann, see Frankland 
and Frankland, Microorganisms in Wa¬ 
ter, London, 1894, 459.) From air. 

Bacillus plumbeus Migula. (Grau ver- 
flOssigender Bacillus, Keck, Inaug. Diss., 
Dorpat, 1890, 54; Migula, Syst. d. Bakt., 
2, 1900, 719.) From water. 

Bacillus pneumo-enteritidis murium 
Schilling. (.4rb. a. d. kaiseil. Gesund- 
heitsamte, 18, Heft 1, 1900.) From a 
di.scasc of rats. 

Bacillus pneutnosepticus Kruse. 
(Pneumonic bacillus, Klein, Cent. f. 
Bakt., 5, 1889, 625; Kruse, in FlOgge, 
Die Mikroorganismen, 3 Aufl., B, 1896, 
408; not Bacillus pneutnosepticus Babes, 
Progres mdd. roumain., 6, 1889; Bac¬ 
terium pneumoscpticus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
76.) From rusty sputum. Considered 
the cause of an epidemic of pneumonia 
in Kn^i^land. 

Bacillus poelsii Chester. (Vloeschver- 
giftung le Rotterdam, Poels and Dhont; 
Tweede Rapport van de des Kundigen; 
Chester, Man. Determ. Bact., 1901, 209.) 
From beef in meat poisoning. 

Bacillus pomodoriferus Castellani. 
(Proc. Soc. Exp. Biol, and I^Led., BS, 
1928, 540.) From the urine in a case of 
cystitis and from feces. 

Bacillus poncei Glaser. (Ann. En- 
tomol. Soc. Am., 11, 1918, 19.) Patho¬ 
genic for the insects, Melanoplus femur- 
rubrum and Encoptolopus sordidus. 

Bacillus praepoUens Maassen. (Arb. 
a. d. kaiscrl. Gesundheitsamte, lA, 
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1990, 507.) From sweat of a cholera 
patient. 

Baeillua primus JuUssi Dyar. (Ann. 
N. Y. Acad. Sci., 8, 1805, 360; Bacterium 
primus fuUesi Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 72.) From 
a leaf of the pitcher plant {Sarracenia 
purpurea ). Regarded by Dyar as identi • 
cal with Bacillus No. 1, isolated by 
Fulles (Ztschr. f. Hyg., 10, 1891, 250) 
from forest soil. 

BaciUus promissus Kern. (Arb. bakt. 
Inst. Karlsruhe, i. Heft 4, 1896, 420.) 
From the intestines of a dove. 

BaciUus proteidis Paillot. (Annales 
des £piphytics, 8, 1022,130.) From dis¬ 
eased larvae of the cabbage butterfly 
(Pterts hrassicae). 

Bacillus protervus Trevisan. (Bacil¬ 
lus derConjunctivalsack c/, Fick, Micro¬ 
organ. in Conjunctivalsaek, Wiesbaden, 
1887; Trevisan, I generi e le specie dellc 
Batteriacee, 1889, 17.) From the con¬ 
junctiva. 

BaciUus pruddeni Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 378.) Found by 
Dr. Prudden in a case of cystitis. 

BaciUus pseudaniirabilis Migula. 
(BaciUus mirahilis Tataroff, Jnaug. 
Diss., Dorpat, 1891,18; Migula, Syst. d. 
BMct., 5, 1900, 818.) From water. Ac¬ 
cording to Migula, Tataroff mistakenly 
believed that he had Zimmermann’s 
BaciUus mirabilis. 

BaciUus pseudotuberculosis Migula. 
(Du Casal and Vaillard, Ann. Inst. 
Past., 5, 1891, 353; Bacillus pseudotuber- 
culasis liquefaciens Kiuse, in Fliigge, 
Die Mikroorganismon, 3 .4ufl., 9, 1896, 
465; Migula, Syst. d. Bakt., f, 1900,644.) 
From nodules In the peritoneum. 

BaciUus pseudotyphosus Kruse. (J.&- 
aener, Arb. a. d. kaiscrl. Gesundheit- 
samte, it, 1895,2; Kruse, in FlOgge, Die 
Mikroorganfsmen, 3 Auil., F, 1896, 383; 
Bacterium pseudotyphosus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 5, 1897, 
73; not Bacterium pseudotyhposum Mi- 
gttla, Syst. d. Bakt., 5, 1900, 428.) Iso¬ 
lated by LOsener from peritoneal fluid of 
a hog, from water, etc.; by Pansini from 


a liver abscess; by Babes from a variety 
of sources. Kruse used this as a general 
name for any typhoid-like organism. 

Bacillus pulpae pyogenes Miller. (Mil¬ 
ler, Die Mikroorganismen der Mund- 
hOhle, Leipzig, 1889,219.) From gangre¬ 
nous pulp of a tooth. 

Bacillus punciaius Shul’gina and Kali- 
nicker. (Hep. Bur. Appl. Ent., I^enin- 
grad, 3, No. 1, 1927, 99-104, quoted from 
Steinhaus, Bact. Aksoc. Extracell, with 
Insects and Ticks, Minneapolis, 1942, 
79; not Bacillus punctatus Zimmermann, 
Bakt. unsercr Trink- u. Nutzwfisser, 
Chemnitz, 1 Reihe, 1890, 38.) From the 
locust (Locusta migratoria), 

Bacillus puncticulatus Migula. (No. 
16, Lcmbkc, Arch. f.'IIyg., 89, 1897, 322; 
Migula, Syst. d. Bakt., 3, 1900, 678.) 
From feces. 

Bacillus putidus Kern. (Kern, Arb. 
bakt. Inst. Karlsruhe, /, Heft 4, 1896, 
400; not Bacillus putidus Chester, Man. 
Determ. Bact., 1901, 237; not Bacillus 
putidus Weinberg ct al., Les Microbes 
Anadrobies, 1937, 790.) From the stom¬ 
ach and intestines of birds. 

Bacillus pylori Ford. (Studies from 
the Royal Victoria IIosp., Montreal, 1 
(5), 1903, 44; also sec Jour. Med. Res., I, 
1901, 217.) From the stomach. 

Bacillus pyogenes Lucet. (Bacillus 
pyogenes bovis Lucet, .\nn. Inst. Past., 
7, 1893, 372; Lucet, ibid,, 328; not Bacil¬ 
lus pyogenes Glage, Ztschr. f. Fleish. u. 
Milchhyg-, 15, 1903, 166.) From bovine 
abscesses. 

Bacillus pyogenes var. liquefaciens 
Chester. (Bacillus pyogenes foetidus 
liquefaciens Lanz, Cent. f. Bakt., H, 
1893, 277; Bacterium pyogenes foetidus 
liquefaciens Chester, Ann. Rept, Del. 
Col. Agr. Exp. Sta,, 9, 1897, 92; Chesters 
Man. Determ. Bact., 1901, 235.) From 
a brain abscess after otitis media. 

Bacillus pyogenes soli Bolton. (Ann. 
Jour. Med. Sci., June, 1892; quoted from 
Sternberg, Man. of Bact., 1893, 728.) 
From garden earth. 

Bacillus pyrameis I and //, Paillot. 
(Compt. rend. Acad. Sci., Parish 157, 
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1913, 011.) From tissues and blood of 
the caterpillar of Pyrameis (Vane8$a) 
eardui, A coccobacillus. 

Bacillus radiana Trevisan. (Bac- 
t6rie de Pair No. 2, Babes, in Cornil and 
Babes, Les Bactdries, 2nd cd., 1886,140; 
Trevisan, I gcneri e le specie delle 
Batteriacee, 1889, 20.) From air. 

Bacillus ramificans Migula. (Bacillus 
No. 0, Pansini, Arch. f. path. Anat., /f;?, 
1890, 445; Migula, Syst. d. Bakt., 2^ 
19(X), 661; Bacillus pansini Chester, 
Man. Determ. Bact., 1901, 246; not Ba¬ 
cillus pansinii Migula, loc. cit., 660.) 
From sputum. 

Bacillus recuperatus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 4.39; Bac¬ 
terium recui)eratu$ Chester, Ann. Kept. 
Del. Col. Agr. Kxp. Sta., 9, 1897, 74.) 
From Schuylkill River water. 

Bacillus repazii Herter. (Bacillus 
molinifortnis Repasi, Compt. rend. Soc. 
Biol., Paris, 68, 1910, 410; not Bacillus 
moniliformis Gamier, Arch. M<Jd. expdr. 
ct Anat. pat hoi., 19, 1908, 786; Herter, 
in Just’s Botan. Jahresber., S9, 2 Abt., 
Heft 4,1915, 750.) From a lung abscess. 

Bacillus rhinitis atrophicans Paulsen. 
(Paulsen, quoted from Chester, Ann. 
Rcpt. Del. Col. Agr. Kxp. Sta., 9, 1S97, 
79; Bacterium rhinitis atrophicans Ches¬ 
ter, ibid., 141.^ From nasal secretions. 

Bacillus rigid us apis White. (Jour. 
Path, and Had.. 1921, 70.) From 
intestine <if bee. 

Bacillus rogcrii Migula. {Bacillus 
scpticus puiitius Roger, Revue de MiHl.. 
1S9I, 10; Migula, Syst. d. Hakt., 2, 
I9(X), 647; Bacterium septicus putidus 
Chester, .\nn. Rept. Del. Col. Agr. 
Kxp. Sta., 9, 1897, 92; Bacillus putidus 
Che.ster, Man. Determ. Bact., 1901, 237; 
not Bacillus putidus Kern, Arb. bakt. 
Inst. Karlsruiie, /, Heft 4, 1896, 400; 
not Bacillus putidus IVeinberg et al., 
Ix?.s Microl)es AnatJrobies, 1937, 790.) 
From the spinal fluid and liver in a case of 
cholera. 

Bacillus rosaceus Migula. (Bacillus 
rosneeus margarinicus Jollcs and Wink¬ 
ler, Ztschr. f. Hyg., 90, 1895,105; Migula, 


Syst. d. Bakt., 9, 1900,850.) From mar¬ 
garine. Red pigment. 

Bacillus rosaceus metaloides Dyar. 
(Bacterium rosaceus metaloides Dowdes- 
well, Ann. de Micrographie, /, 1888-89, 
310; Dyar, Ann. N. Y. Acad. Sci., 8, 
1895, 376; not Bacillus rosaceus metal^ 
Undes Tatarofl, Inaug. Dies., Dorpat, 
1891, 65, see Hefferan, Cent. f. Bakt., 
II Abt., 8, 1902, 689; Bacterium rosaceum 
Lehmann and Neumann, Bakt. Diag., 
2 Aufl., 9, 1899, 261.) Culture from Dr. 
Crookshank, London. 

Bacillus roseus Migula. (Halihac- 
terium roseum Fischer, Die Bakterien 
des Meeres, 1894, 22; Migula, Syst. d. 
Bakt., 9, 1900, 860; Bacillus roseus fis- 
cheri Nepveux, Th^se, Fac. Pharm. 
Paris, 1920,115.) From sea water. Red 
pigment. 

Bacillus rosenthalii Migula. (Rosen¬ 
thal, Inaug. Diss., Berlin, 1893, 37; 
Migula, Syst. d. Bakt., 2, 1900, 656.) 
From the oral cavity. 

Bacillus rubescens Edington. (Ann. 
Rcpt. Fi.sh. Board for Scotland, 6, 1887, 
204.) From reddened salted codfish. 

Bacillus rubcsccns Jortlan. (Jordan, 
Massachusetts State Ib^ard of Health, 
Boston. lSt)0, S35; Barterimn rubescens 
(’hc*J!cr. .\nn. Rept. Del. Col. .\gr. Exp. 
Sta.. 0. 1S97, 115.) From sewage. 

Bacillus ruhiginosus C'atiano. (In 
Cc»hn, Beitr. z. Biol. d. Pflanzen, 7, 
1S96, 538.) From the vagina. Red 

pigment. 

Bacillus rubiformis Kern (.Arb. bakt. 
Inst. Karlsruhe. /, Heft 4, 1896, 431.) 
From the stomach of a bird. 

Bacillus rubrofuscus (Fischer) Migula. 
(Halibactci ium rubrofuscum Fischer, Die 
Bakterien des Meeres. 1894 , 36; .Migula. 
Syst. d. Bakt., 2. 1000, 86.5.) From sea 
water. 

Bacillus rub us (sic) C'hester. (Der 
rother Bacillus, Lustig, Diag. d. Bakt. 
d. Wassers, 1893, 72; Bacillus ruber aqua- 
tilis Kruse, in Fltlgge, Die Mikroorgaiiis- 
men, 3 Aufl., 9, 1896,303; Bacterium ruber 
aquatilis Chester, .Ann. Rept. IVl. Col. 
Agr. Exp. Sta., 9, 1897, 112; Chester, 
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Man. Determ. Bact., 1901, 257; Bacillus 
lusHgi Chester, ibid,, 304.) From water. 

Bacillus salmoneus Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 3, 1895, 361; 
Bacterium salmoneus Chester, Ann. Kept. 
Del. Col. Agr. Exp. Stn„ 9, 1897, 116.) 
From air. 

Bacillus salutarius Metchnikoff. 
(Metchnikoff, Maladies des hannetons 
du ble, Odessa (in Russian), quoted 
from Paillot, I/infection chez les in- 
sectes, Paris, 1933, 123.) From diseased 
larvae of a beetle {Anisoplia auslriaca). 

Bacillus sanguineus Schroeter. (In 
Cohn, Kryptog. Flora v. Schlesicn, 3, 1, 
1886, 156.) From stagnant water. 

Bacillus saponaceus Migula. {Bacil¬ 
lus laclis saponacei Weigman and Zirn, 
Cent. f. Bakt., 16, 1894, 464; Migula, 
Syst. d. Bakt., 2, 1900, 602.) From 
soapy milk. 

Bacillus saprogcncs Chester. {Bacil¬ 
lus saprogenes rini VI Kramer, Bak- 
teriol. Landwirtsch., 1890, 139; Chester, 
Man. Deterin. Bact., 1901, 289.) From 
(liseased wine. 

Bacillus saprogenes Trevisan. {Bacil¬ 
lus saprogenes 1, Rosenbach, Mikro- 
organismen bei den Wundinfections- 
krankheiten des Menschen, Wiesbaden, 
1884; Trevisan, 1 generi c le specie dellc 
Battcriacce, 1889, 17; Bacterium sapro¬ 
genes Chester, .\nn. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 142.) From 
feces. 

Bacillus sarracenicolus Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, 357; 
Bacterium sorracenicolus (sic) Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897,81.) Fromafreshleaf of the pitcher 
plant {Sarracenia purpurea). 

Bacillus scarlatinas Jamieson and Ed- 
ington. (Jamieson and Edington, Brit. 
Med. Jour., 1, 1887, 1265; Bacillus suda- 
minis Trevisan, I generi ele specie delle 
Battcriacee, 1880, 15.) From the skin 
of scarlet fever patients. 

Bacillus seolicus Migula. (Bacillus 
der Grouse-disease, Klein, Cent. f. 
Bakt., 6, 1889, 36 and 593; ibid., 7, 1800, 
81; Migula, Syst. d. Bakt., f, 1900, 768; 


Bacillus tetraonis Chester, Man. De- 
term. Bact., 1901, 221.) The cause of a 
disease of grouse {Lagopus scoticus) in 
England and Scotland. 

Bacillus secundus Trevisan. {Bacillus 
22, Leube, Arch. f. path. Anat., 100, 1885, 
000; Trevisan, I generi e le specie delle 
Batteriacee, 1889, 16.) From urine. 

Bacillus secundus fullesi Dyar. 
(Dyar, Ann. N. Y. Acad. Sci., 8, 1895, 
359; Bacterium secundus fulessii (sic) 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 82; Bacterium secundus ful¬ 
lesi Chester, ibid., 143.) From air. 
Dyar regarded his organism as identical 
with Bacillw^ Xo. 2 of Fulles (Ztschr. f. 
Hyg., 10, 1891, 250) which was from soil. 

Bacillus scpticacmiae lophyri Shipero- 
vich. (Shiperovieh, "Protect. Plants 
Ukraine, 1925, 41-46; Abs. in Rev. Appl. 
Ent., A., H, 1926, 209.) From larvae of 
sawflics {Diprion sertifer). 

Bacillus .septicaemicHS Trevisan. (Ba¬ 
cillus of septicemia of man, Klein, Micro¬ 
organisms and Disease, 1885, 84; Trevi¬ 
san, in DeToni and Trevisan, in Sac- 
cardo, Sylloge Fungorum, 8, 1889, 945.) 
From blood and infected lymph glands. 

Bacillus septicus hominis Mironoff. 
(Mironoff, Cent. f. Gynakol., 1892, 42; 
Bacterium septicus hominis Chester, 
.Vnn. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 143.) From a csisc of septic infec¬ 
tion of the uterus. Regarded by Ches¬ 
ter (Man. Determ. Bact., 1901, 143) as a 
.synonym of I^asteurella agrigena Tre- 
vi.san. 

Bacillus septicus vesicae Clado. (Bull, 
dc la Soe. anatom, dc Paris, 1887, 339.) 
From the urine of a person suffering from 
cystitis. 

Bacillus sericcus Zimmermann. 
(Bakt. unserer Trink- u. Nutzwftsser, 
Chemnitz, 2, 1894, 52.) From water. 

Bacillus serratus Migula. (Bacillus 
No. 14, Pansini, Arch. f. path. Anat., 
189, 1890, 449; Migula, Syst. d. Bakt., 
2, 1900, 658.) From sputum. 

Bacillus setosus Migula. (Bacillus No. 
XVIII, Adametz, Landwirisch. Jahrb., 
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J8, 1889, 250; Migula, Syst. d. Bakt., 2, 
1900,812.) From cheese. 

BacilluB ailberachmidii Chester. (Ba< 
cillus der Fleischvergiftung, Silber< 
schmidt, Correspondcnz-Blatt f. Schwci> 
zer Aerzte, 1896, No. 8; Chester, Man. 
Detcrin. Baet., 1901,212.) From poison¬ 
ous meat. 

Bacillus simulans Trevisan. (Baciilc 
de Fair a. Babes, in Cornil and Babes, 
Les Bact5ries, 2nd ed., 1886, 149; Trevi¬ 
san, I generi e le specie delle Batteriaocc, 
1889, 20.) From air. 

Bacillus singularts L<»s8ki. (Inaug. 
Diss., Dorpat, 1893, 45.) From garden 
soil. 

Bacillus siiiculosus Ketn. (.\rb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 423.) 
From the stomachs and intestines of 
birds. 

Bacillus sordid us Dyar. (Dyar, Ann. 
N. Y. Acad. Sci., 8, 1895, 379; Bacterium 
sordidus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 8, 1897, 79.) (>ulture 
received by Dyar as Micrococcus sordidus 
from KriH’s laboratory. 

Bacillus sordidus Kern. (.\rb. Bakt. 
Inst. Karlsruhe, /, Heft 4, I89G, 396.) 
From the stomach of a bird. 

Bacillus 8f)cnnophilinus Issalehenko. 
(Ein aus Zicselmausen au.sgeschiedener 
Bacillus, Mercschkowsky, Cent, f. Bakt., 
iTy 1895, 742; Issatehenko, Seripta Ho- 
tanica Hort. Univ. Imp. PetropoUtanae, 
Fasc. XV, 1897; < 4 Uoted from Migula, 
Syst. d. Bakt., 8,1900,618.) Apparently 
resembled Salmonella tifphimurium. 
From ground squirrels (Sficrmophilus 
musicus). 

Bacillus spirans Weiss. (Arb. bakt. 
Inst. Karlsruhe, 8, Heft 3, 1902, 222.) 
From bean infusions. 

Bacillus spumosus Zimmermann. 
(Bakt. unserer Trink* u. Nutz^'fisser, 
Chemnitz, 8, 1894, 28.) From water. 

Bacillus squamosus Pansini. (Arch, 
f. path. Anat., 122, 1890, 448.) From 
sputum. 

Bacillus slrassmanni Trevisan. (Ba¬ 
cillus aldus cadaveris Strassmann and 
Sireoker, Ztachr. f. Medtcinalbeamlc, 


1888; Trevisan, I generi e le specie delle 
Batteriacee, 1889, 17; Bacterium albus 
cadaveris Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., P, 1897,102; Bacillus co- 
daveris Migula, Syst. d. Bakt., 2, 1900, 
646.) From the blood of an infant. 

Bacillus siriatus Doyen. (Bacillus 
urinae siriatus Doyen, Jour. d. connaiss. 
m^dic., 1889, 107; Doyen, thwf., 108.) 
From urine. 

Bacillus siriatus albus von Besser. 
(Ziegler's Beitrage, 4, 1889,331.) Found 
in normal nasal mucus. 

Bacillus siriatus flavus von Besser. 
(Ziegler's Beitriige, 4, 1889, 331; Bac¬ 
terium siriatus flavus Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., P, 1897, 111.) 
From nasal mucus. Rare. 

Bacillus strumitidis Migula. (Bacillus 
strumitis a, Tavel, Ueber die Aetiologie 
der Strumitis, Basel, 1892, 81; Migula, 
Syst. d. Bakt., 2, 1900, 741.) From a 
case of strumitis. 

Bacillus strumitis Tavel. (Tavel, 
1880; see Viquerat, Ann. de Micro* 
graphic, P, 1889-1890,228.) From acute 
catarrhal strumitis. 

Bacillus subcoccoideus Migula. (Ba¬ 
cillus aquatilis sulcatus III, Weichsel- 
baum, Das osterreiehische Sanitatswe- 
son, 1SS9, No. 14-23; Migula, Syst. d. 
Bakt., 2, 1900, 732.) From water. 

Bacillus subflavus Zimmermann. 
(Zimmermann, Bakt. unserer Trink. u. 
Nutzw^or, Chemnitz, /, 1890, 62; Bac¬ 
terium subflavus Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., P, 1897, 109.) 
From water. According to Chester 
(Man. Determ. Bact., 1901, 2b\), BaciUus 
flavescens Pohl is identical with this 
species. 

Bacillus subgastricus White. (U. 8. 
Dept. Agr. Bur. Ent., Tech. Bui. 14, 
1906, 23.) From intestinal contents of 
honey bee (.Ipts mellifera). While this 
does not appear to be the same as Bacil¬ 
lus gastricus Ford (see Steinhaus, Bac¬ 
teria Associated Extracellularly with 
Insects and Ticks. Minneapolis, 1942, 
85), it may have been described by some 
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previous author as White does not indi¬ 
cate that ho regards it as new. 

BaeiUvs subochracetts Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, 358; 
Bacterium subochraceus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
110.) From air. 

Bacillus subrubiginosHs Migula. 
(Braunrotcr Bacillus, Afasohek, Bakt. 
Untersuch. d. I^eitmcritzor Trinkwiissor, 
liCitmeritz, 1887; Aligula, Syst. d. Bakt., 
P, 1900, 836.) From water. 

Bacillus subsulcaius Migula. (Bacil^ 
lus aquatilis sulcalus //. Weichselbaum, 
Das Osterreichischc Sanitatsweson. 1889. 
No. 14-23; Migula, Syst. d. Bakt., 
1900, 732.) From water. 

Bacillus sulcatus Chester. (Hacillus 
sulcatus liquefacieus Kruse, in Flugge, 
Die Mikroorganismen. 3 Aufl., 1896, 
318; Bacterium sulcatus liqucfaciens 
Chester, Ann. Bept. Del. (’ol. Agr. Kxp 
Sta., 9, 1897, 97; Chester. .Man. Determ. 
Bad., 1901, 243; not Bacillus sulcatus 
Migula, Syst. d. Bakt., 1900, 731.) 
From water. 

Bacillus sulcatus Migula. (Bacillus 
aquatilis sulcatus /, Weichselbaum, Das 
dsterreichische Sanitatsweseii, 1889, Xo. 
14-23; Migula, Syst. d, Bakt., 1900, 
731.) From water. 

Bacillus sulfh ydrogen us M rquel. 
(Ann. de Micrographie, I, 1888-1889, 
369.) From sewage. 

Bacillus tardissimus DeToni an<l Tre- 
visan. (Bacillus fiuidificans tardissimus 
Maggiora, Giorn. Soc. ital. d’lgiene, //, 
1889, 347; DeToni and Trevisan, in Sac- 
cardo, Sylloge Fungorum, 8, 1889, 967.) 
From the skin of the human foot. 

Bacillus tartricus Grimbert and Pi¬ 
quet. (Jour. Pharm. ct dc Chim., O** 
S6r., 7,1808,97; Compt. rend. Soc. Biol., 
1897, 962.) Decomposes d-tartrates. 
Probably identical with Aerobacter 
doaeae (V^aughn et al.. Jour. Bact., 
1946, 324). 

Bacillus telmalis Trevisan. (Bacillus 
saprogenes 2^ Rosenbach, Mikroorganis- 
men bei den Wundinfectionskrankheiten 
dos Menschen, Wiesbaden, 1884; Trevi¬ 


san, I generi e le specie delle Baitcriacee, 
1889, 14.) From |)cr8piration of feet. 

Bacillus tenuis Doyen. (Bacillus 
urinae tenuis Doyen, Jour. d. connaiss. 
mddic., 1889, 107; Doyen, i6id., 108; not 
Bacillus tenuis Migula, Syst. d. Bakt., J, 
1900, 587; Bacillus tenuatus Trevisan, 
in DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 948.) From 
urine. 

Bacillus tenuis apis White. (Jour. 
Path, and Bact., 24t 1921, 72.) From 
intestine i»f bee. 

Bacillus terrigenus Frank. (Berichte 
(leutsch. botan. (losellsch., 4, 1886, 000.) 
From soil 

Bacillus thermophilus AIi(|uel. (Mi- 
t|uel, .\nn. dc Microgr.. /, 18SS-1889, 6; 
not Bacillus thcjmojdiilus C'hester, Man. 
Delerm. Bact., ltH)l, 265; not Bacillus 
thermophilus Bergoy et al., Manual, Ist 
eil., 1923 , 315.) From water, sewage, 
soil, etc. 

Bacillus theta Dyar. (.\nn. X. Y. 
Acad. Sci., 8, 1895, 375; Bacterium theta 
Chester, Ann. Kept. Del. C'ol. .\gr. 
E.xp. Sta., 9, 1807, 144.) From air. 

Bacillus lingens Eckstein (Ztschr. f. 
Forst- u. Jagdwosen, 2G, 1894,10 ) From 
deatl larvae of Orggia pudibunda. 

Bacillus loluolicum Tausson. (Planta, 
7, 1929, 735.) F’rom soil. Oxidizes 

toluene. 

Bacillus toxigenus Chester. (Bacillus 
of ice cream poisoning, Vaughn and 
Perkins, .\rch. f. llyg , $7, 1896, 308; 
Chester, Man. Determ. Bact., 1901, 
208.) From poisonous ice cream. 

Bacillus trambuslii Kruse. (Tram- 
bust i and Galcotti, (-ent. f. Bakt., //, 
1892, 717; Kruse, in FItigge, Die Mikro- 
organismen, 3 .Vufl., 2, 1890, 319; Bac¬ 
terium tramhusti C'hester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 97.) 
From water. 

Bacillus tremaergasius Trevisan. (Ba- 
cille du mucus intestinal nonnal d, 
Bat>e8, in C'ornil and Babes, Ix*8 Bac- 
tdries, 2nd ed., 1886, 153; Trevisan, I 
generi e le specie delle Baitcriacee, 1880, 
15.) From normal intestinal mucus. 
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Bacillua irimtlhylamin Bcijeriuck. 
(Bot. Zeitung, 1888, 726.) 

Bacillus iruttae Mcrach. (Quoted 
from lichmanii tind Neumann, Bakt. 
Diag., 7 Aufl., 2, 1927, 481.) Closely 
related to Bacteriinn sahnonicida Leh¬ 
mann and Neumann. 

Bacillus tumidus Chester. (Anaerobe 
Bacillus I, Sanfelice, Ztschr. f. ITyg., 
J4* 1S93, 268; Chester, Man. Determ. 
Bact., 1901, 265.) From putrefying 
flesh. Strict anaerobe. 

Bacillus uffreduzzii Trevisan. (Bat- 
terio della sctticemia salivare nei conigli, 
Bordoni-I'ffrcduzzi andDi-Mattoi, Arch, 
per le scienze mcd., lOy 1886; Trevisan. 
aee DeToni and Trevisan, in Saceardo. 
Sylloge Fungorum, 8, 1889, 951.) From 
normal human saliva. 

Bacillus ulna Cohn. (Beitr. z. Biol, 
d. Pflanz., /, Heft 2. 1872, 177.) From 
water, air, etc. 

Bacillus unibilicatus Zimmermann. 
(Bakt. unscrer Trink- u. Nutzwasser, 
Chemnitz, 2^ 1894 , 6.) From water. 

Bacillus urinae Migula. (Ein Harn- 
bacterium, Karplus, Arch. f. path. Anat., 
ISI, 1893, 211; Migula, Syst. d. Bakt., 2, 
1900, 739.) From urine. 

Bacillus utpadcli Trevisan. (Bacillus 
HUB Zwischendeckenftlllung, I'tpadel, 
Arch. f. Hyg., 5, 1887, 359; Trevisan, 1 
generile specie delle Bntteriacee, 1889, 
15.) From the intestine. 

Bacillus racuolatus Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, ^57; Bac¬ 
terium vacuolatus Chester, Ann. Kept. 
Del. Col. Agr. E.Np. Sta., 9y 1897, 81.) 
From a trap of the carnivorous water 
plant, Utricularia vulgaris. 

Bacillus vcgclus Kern. (Arb. bakt. 
Inst. Karlsruhe, f, Heft 4, 1896, 399.) 
From the stomach and intestines of 
birds. 

Baeillus relax Kern. (Arb. bakt. Inst. 
Karlsruhe, i, Heft 4, 1896, 405.) Fn>m 
the stomach and intestines of birds. 

Bacillus venenosus brevis Vaughan. 
(Atr.er. Jour. Med. Sci., 104, 1892, 192; 
Bacterium venetiosus and Bacterium vene- 
9iotiis brevis Chester, Ann. Kept. Del. 


Col. Agr. Exp. Sta., 9, 1897, 76.) From 
water. 

Bacillus venenosus Chester. (Bacillus 
venenosus invisibilis Vaughan, Amer. 
Jour. Med. Sci., 104, 1892,192; Bacterium 
venenosus invisibilis Chester, Ann. Ilept. 
Del. (^1. Agr. Exp. Sta., 9, 1897, 76; 
Chester, Man. beierm. Bact., 1901, 224; 
not Bacillus venenosus Vaughan, Amer. 
Jour. Med. Sci., 104, 1892, 191.) From 
water. 

Bacillus venemsus liquefaciens 
Vaughan. (Amer. Jour. Med. Sci., 104, 
1892, 193.) From water. 

Bacillus ventricosus Weiss. (Weiss, 
Arb. bakt. Inst. Karlsruhe, 2, Heft 3, 
1902, 233; not Bacillus ventricosus Bredc- 
mann and Heigener, Ont. f. Bakt., II 
Abt., 9S, 1935, 102.) From vegetable 
infusions. 

Bacillus ventriculi Raezynski. (Diss. 
milit. medic. Acad. Petropolitanac Ru- 
teniae, 1888; abst. in Cent. f. Bakt., 6, 
1889, 113.) From the stomach of a dog. 

Bacillus vermiculosus Zimmermann. 
(Zimmermann, Bakt. unserer Trink- u. 
Nutzwasser, Chemnitz, i, 1890, 40; 
Bacterium vermiculosus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
99.) From water. 

Bacillus versatilis DeToni and Trevi- 
.««an. {Bacillus A, Maggiora, Giorn. 
St;c. ital. dTgiene, 11 y 1889, 339; DeToni 
and Trevisan, in Saceardo, Sylloge 
Fungorum, 8,1889, 968.) From the skin 
of the human foot and from air. 

Bacillus vesiculifcrus Migula. (Bacil¬ 
lus strumitis 0, Tavel, Ueber die Aetiol- 
ogie dor Strumitis, 1892, 110; Migula, 
Syst. d. Bakt., 2y 1900, 741.) From a 
case of strumitis. 

Bacillus vialis Hansgirg. (Oesterr. 
b<»t. Ztschr., 1888, 6.) From' roadside 
soil from near Prague, 

Bacillus viator Trevisan. (Bacille de 
Pair e. Babes, in Cornil and Babes, Lea 
Bact4ries, 2nd cd., 1886, 150; Trevisan, 
I generi e le specie delle Batteriacec, 
1889, 20.) From air. 

Bacillus villosus Migula. (BaciUus 
aquatilis villosus Tat-aroff, Inaug. Dips.i 
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Dorpikt, 1891,47; Iifigala, Bynt, d. Bakt., 
f, 1900, 828; not BaeiUui vmo9u$ Keck, 
fimag. Dias., Dorpat, 1890, 47.) From 
water. 

Baeittua eintMa Migula. (BaetUua 
m proganaa vtm //, Kramer, Die Bak- 
teiien in ihren Betiehungen zur Land- 
wirtaehaft, 9 , 1892, 136; Migula, Syst. 
d. Bakt., 9, 1900, 685.) From wine. 

BaciUua viniperda Migula. (Bacillua 
•apropenet v»m 7, Kramer, Die Bakterien 
in ihren Beiiehungen tur Landwirt> 
eehaft, 9, 1892, 135; Migula, Syst. d. 
Bakt., 9, 1900, 684.) From wine. 

BaeiUua virena van Tieghem. (Bull. 
Soc. hot. France, 97, 1880, 175.) From 
aquatic plants. 

BaeiUua viridana Zimmermann. 
(Bakt. unaerer Trink. u. Nutzwfisaer, 
Chemnitz, 9, 1894, 22 .) From water. 

BaeiUua virideaeena non-liquefaciena 
Ravenel. (Ravenel, Mm. Nat. Acad. 
Sei., 9, 1896, 14; Bacterium virideaeena 
mmMquqfaeiena Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9,1897, 72 and 
128.) From soil. 

BaeiUuavidpinua von Iterson. (Cent, 
f. Bakt., U Abt., 19, 1904, 111 .) From 
fresh garden soil, canal water. 

BaeiUua wardii Chester. (Gas- and 
taint-producing bacillus in cheese curd, 
Moore and Ward, Cornell Univ. Agr. 
Expt. Sta., Bull. 158, 1899, 221-227; 
Chester, Man. Determ. Bact., 1901,206.) 
From tainted, gassy cheese curd and 
from milk drawn directly from the udder. 
Presumably this was a coliform or¬ 
ganism. 

BaeiUua weekeri Trevisan. (Bacillus 
der Jequirity-Ophthalmie, de Weeker, 
1882; see Fltlgge, Die Mikroorganismen, 
2 Auf., 1886,279; Trevisan, I generi e le 
specie delle Batteriacee, 1889, 17.) 
From infunons of jequirity seed (Abri 
preealorii). 

BaeUlua weaenbergii Chester. (Bacil¬ 
lus der Fleaschvergiftung, Wesenberg, 
Ztschr. f. Hyg., 99, 1898, 484; Chester, 
Man. Deteim. Bact., 1901, 247; not 
BaeiUua waaetiberg Castellani.) From 
meat which caused a meat pinning 


outbreak. Closely related to Protaua 
vtdgaria Hauser. 

BaeiUua wiehmanni Trevisan. (Gold- 
gelber Wasserbacillus, Adametz and 
Wichmann, Mitth. Oest. Vers. Stat. f. 
Brauerei u. M&lz., 1, 1888, 49; Trevisan, 
I generi e le specie delle Batteriacee, 
1889,19; BaeiUua ehryaeua Migula, Syst. 
d. Bakt., 9, 1900, 833.) From water. 

BaeiUuazeta Dyar.* (Dyar, Ann. N. Y. 
Acad. Sci., 9, 1895, 369; Baeierium aeta 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 114.) From air. 

BaeiUua zonatua Migula. (Bacillus 
No. 15, Pansini, Arch. f. path. Anat., 
199,1890, 450; Migula, Syst. d. Bakt., 9, 
1900, 658.) From sputum. 

BaeiUua zdrkenddrferi Migula. (Ba¬ 
eiUua oogenea hydroaulfuraua 7 , Z5rken- 
dOrfer, Arch. f. Hyg., 16, 1893, 385; Mi¬ 
gula, Syst. d. Bakt., ft, 1900,696.) From 
hens’ eggs. 

BaeiUua aymoaeua (Leube) Trevisan. 
(Coceohaeillua zymogenea Leube, Arch. f. 
path. Anat., 1885; Trevisan, I generi e le 
specie delle Batteriacee, 1889, 16.) 
From fermenting infusions. 

Baeierium aeidi propioniei Weigmann. 
(Weigmann, quoted from Pribram, Klas- 
sifikation der Schizomyceten, Leipzig 
und Wien, 1933, 76; Ploeamohacierium 
aeidi propioniei Pribram, idem.) 

Baeierium aeria Migula. (BaeiUua 
aeria minutiaaimua Kruse, in FlOgge, Die 
Mikroorganismen, 3 Aufl., 9, 1896, 441; 
Bacterium aeria minutiaaimua Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897,109; Migula, Syst. d. Bakt., 9, 1 ^, 
Bacterium aeria-minutiaaimum Ches¬ 
ter, Man. Determ. Bact., 1901, 168.) 
From air. 

Bacterium aerogenea I and 7/ Miller. 
(Miller, Deutsche med. Wochnschr., 16, 
1886, 119; see Miller, Die Mikroorganis¬ 
men der Mundhdhle, Leipzig, 1889, 261 
and 262; not Bacterium aerogenea Ches* 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 53; BaeiUua miUerianua DeToni 
and Trevisan, in Saccardo, Syllogc 
Fungorum, 9, 1889, 952.) From the 
digestive tract of man. 
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BocUrium agre$te Lahnis, (L5hniB, 
Cent, f. Bakt., I Abt., Orig., 40, 1906,177; 
Bacillua agreatia dc Rossi, Microbiol, 
agraria g tcchnica, Torino, 1027, 828; 
not Bacillua agreatia Werner, Cent. f. 
Bakt., II Abt., 87, 1933,468.) From soil. 

Bacterium agrigenum (Trevisan) Mi- 
gula. (Bacillua aepiicua agrigenua 
Flttgge, Die Mikroorganismen, 2 Aufl., 
1886, 257; Paalcurella agrigena Trevisan, 
I generi e le specie delle Batteriacec, 
1889, 21; Bacterium aepiicua agrigenua 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 85; Migula, Syst. d. Bakt., 
8, 1900, 372; Bacterium aepticum Chester/ 
Man. Detorm. Hact., 1901, 143.) From 
soil. 

Bacterium album Migula. (Weisser 
Bacillus, Tatan»lT, Inaug. Dias., Dorpat, 
1891, 35; Migula, Syst. d. Bakt., f, 1900, 
419.) From water. 

Bacterium algcrienae Migula. (Gayon 
and Dubotirg, Ann. Inst. Past., 8, 1894, 
108; Migula, Syst. d. Bakt., 8, 1900,513.) 
Isolated in .Mgiers from wine where it 
causes a mannitol fermentation. 

Bacterium aliphaticum Tausz and 
Peter. (Cent. f. Bakt., II AM., 4^, 1919, 
505.) From garden soil. 

Bacterium aliphaticum liquefaciena 
iTausz and Peter. (Cent. f. Bakt., II 
Abt., 49, 1919, 505.) From garden soil. 

Bacterium allanioidea (Klein) Chester. 
(Bacillua allantmdca Klein, Cent. f. 
Bakt., 6, 1889, 383; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9^ 1897, 103.) 
Isolated as a culture contamination. 

Bacterium alutaceum Migula. (Gold- 
gclber chagrinierter Bacillus, Tataroff, 
Inaug. Diss., Dorpat, 1891, 62; Migula, 
Syst. d. Bakt., t, 1900, 464.) From 
water. 

Bacterium ambiguum Chester. (Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. Sta., 
II, 1900, 59; not Bacterium ambiguua 
Chester, ibid., 9, 1897, 71; not Bacterium 
ambiguum Levine, Abst. Bact., 4t 1^> 
15.) From soil. 

Bacterium amfareti Issatehenko. (Re- 
cherehes sur lea microbes de POedan 


Glacial Arctique (in Russian), Petro- 
grad, 1914, 237.) From sea water. 

Bacterium anaerobium Migula. 
(Fuchs, Inaug. Diss., Greifswald, 1890; 
Migula, Syst. d. Bakt., 8, 1900, 388.) 
Obligate anaerobe. Pyogenic. Pos* 
sibly a spore-former. 

Bacterium anguillarum (Canestrini) 
Migula. (Bacillua anguillartim Canes¬ 
trini, Atti d. R. Institute Veneto di 
Scienze, Ser. 7, 1892-93; Migula, Syst. 
d. Bakt., 8, 1900, 442.) From diseased 
eels in the valleys of Comacchio. 

Bacterium anguatum Migula. (Lembke, 
Arch. f. Hyg., 86, 1896, 305; Migula, 
Syst. d. Bakt., F, 1900,474.) From feces. 

Bacterium aphthoaum (Kruse) Chester. 
(Bacillus der Mundseuche des Menschen, 
Siegel, Deutsch. med. Wochnschr., 1891, 
No. 49, 1328; Bacillua aphthoaua Kruse, 
in Fltigge, Die Mikroorganismen, 3 Aufl., 
8, 1896, ^7; Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 85.) From 
the liver and kidneys of cattle affected 
with foot and mouth disease. 

Bacterium apia No. 1, No. 2 and No. 3, 
Metalnikov and Kostritsky. (Compt. 
rend. Soc. Biol., Paris, 114, 1933, 1291.) 
From diseased bees (Apts mellijfcra.) 

Bacterium aquatile aurantiacum von 
Riglcr. (Hyg. Rund., 18, 1902, 480.) 
From bottled mineral waters. 

Bacterium aquatile citreum von Rigler. 
(Hyg. Rund., 18, 1902, 481.) From 

bottled mineral waters. 

Bacterium aquatile debile von Rigler. 
(Hyg. Rund., 18, 1902, 481.) From 

bottled mineral \raters. 

Bacterium aquatile flavum von Riglcr. 
(Hyg. Rund., 18, 1902, 480.) From 

bottled mineral waters. 

Bacterium aquatile luteum von Rigler. 
(Hyg. Rund., 18, 1902, 480.) From 

bottled mineral waters. 

Bacterium arboreacena non liquefaciena 
von Rigler. (Hyg. Rund., 18, 1902,479; 
not Bacterium arboreacena non4iq[uefa- 
ciena Chester, Ann. Rept. Del. Col. Agr, 
Exp. Sta., 9, 1897, 103.) From bottled 
mineral waters. 

Bacfsrtiimarcticumlssatcbenko.. (Re* 
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clierchos sur Ics microbes dc I’Oceau 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 148.) From sea wat^r. 

Bacterium arthritidie Migula. (Schul¬ 
ler, Berliner klin. Wochnschr., 1893, No. 
36; Bacillus arthritidis chronicae Kruse, 
in FlUgge, Die Mikroorganismen, 3 Aufi., 
1896, 287; Migula, Syst. d. Bakt., 
1900, 443.) From a case of chronic 
arthritis. 

Bacterium asporiferum Migula. 
(FlUgge, Ztschr. f. Hyg., 17, 1894, 290; 
Anairobier No. II, Kruse, in FlUgge, Die 
Mikroorganismen, 3 Aufi., f, 1896, 251; 
Migula, Syst. d. Bakt., 2, 1900, 446.) 
From milk. 

Bacterium auranlii (Viron) Migula. 
{Bacillus aurantii Viron, Compt. rend. 
Acad. Sci., Paris, 114,1892, 179; Migula, 
Syst. d. Bakt., f, 1900, 512.) 

Bacterium auraniium-roseum Honing. 
(Honing, Cent. f. Bakt., II Abt., 37, 
1913, 373; Plocamobaclerium aurantium 
Pribram, Klassifikation dcr Schizo- 
myceten, I^eipzig und Wien, 1933, 77.) 
From fermenting tobacco. 

Bacterium aurescens (Frankland and 
Frankland) Migula. {Bacillus aurescens 
Frankland and Frankland, Philos. Trans. 
Itoyal Soc. of London, 178, 1887, B, 271; 
not Bacillus aurescens llavcnel, Mem. 
Nat. Acad. Sci., 8,1896,8; Migula,Syst. 
d. Bakt., f, 1900, 466.) From air. 

Bacterium aureum (Frankland and 
Frankland) Migula. {Bacillus aureus 
Frankland and Frankland, Philos. Trans. 
Royal Soc. of London, 178, 1887, B, 272; 
Migula, Syst. d. Bakt., f, 1900, 480.) 
From air. 

Bacterium aureum (Adametz) Chester. 
{Bacillus aureus Adametz, quoted from 
Sternberg, Man. of Bact., 1893, 621; not 
Bacillus aureus Frankland and Frank¬ 
land, Philos. Trans. Roy. Soc. London, 
178, 1887, B, 272; not Bacillus aureus 
Pansini, Arch. f. path. Anat., 188, 1890, 
436; BaciUus aureo-flavus Kruse, in 
FlUgge, Die Mikroorganismen, 3 AuU., 8, 

1896, ZlO'fBacierium aureo flatus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., P, 

1897, 109; Chester, thtd., 129; not Bac¬ 


terium aureum Migula, Syst. d. Bakt., 8 , 
1900, 480; Bacillus flavus Chester, Man. 
Deterin. Bact., 1901, 255; not Bacillus 
flams Fuhrmann, Cent. f. Bakt., II 
Abt., 19, 1907, 117; not Bacillus flavus 
Bergey et al.. Manual, Ist ed., 1923,286.) 
From water (.Vdametz); from the skin 
in cases of eczema (Tommasoli, Monats. 
f. prakt. Dermatol., P.) 

Bacterium avium CJiester. (Bacillus 
of roup in fowls, Moore, U. S. Dept. Agr. 
Bur. Animal Industry, Bull. 8, 1895; 
Chester, Man. Deterin. Bact., 1901,138.) 
From e.\udate of fowls in roup or diph¬ 
theria. 

Bacterium babesii Migula. {Bacillus 
seplicus acuminatus Babes, Baktcriol- 
ogischc Untersuchungen der septischen 
Prozesse des Kindesalters, Leipzig, 1889; 
sec Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
327; Bacterium seplicus acuminatus Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
P, 1897, 66; Migula, Syst. d. Bakt., 
8, 1900, 507; Bacterium acuminaturn 
Chester, Man. Determ. Bact., 1901,119.) 
From blood and organs of a new-born 
infant with septicemia. 

Bacterium balbianii B’dlet. (Billet, 
Compt. rend..Acad. Sci., Paris, 107, 1888, 
423; also in Bull. Sci. dc la France ct de 
la ^Igiquc, 21, 1890, 108; BaciUus bal¬ 
bianii Trevisan, I gencri e le specie dellc 
Batteriacee, 1889, 17.) From i>oti wafer. 

Bacterium barentsianum issatchenko. 
(Rccherchcs sur Ics microbes de I’Ocdan 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 155.) From sea water. 

Bacterium beijerincki Issatchenko. 
(Rccherchcs sur les microbes de rOc^^an 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 157.) From sea water. 

Bacterium bemoli a and b lyagner. 
(Ztschr. f. Garungphysiol., 4, 1914, 289.) 
From soil. Utilize benzene and certain 
benzene derivatives. 

Bacterium besseri Migula. (Besser, 
Cent. f. Bakt., IS, 1893, 590; Migula, 
Syst. d. Bakt., 8, 1900, 508.) From 
smallpox. 

Bacterium betas viscosum Panek. 
(Bull. Acad. Sci. Cracovie, t, 1905, 5.) 
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From fermenting beclB. Reported to 
liquefy agar-gelatin (Biemacki, Cent. f. 
Bakt., 1911, 166). Stanier (Jour. 
Bact., 1041, 548) thinks this was a 
heterofermentative Lactobacillus. 

Bacterium bossonis Chester. (Bacillus 
ttber cine ncue Infektionskrank. des 
llindviohs, Bosso, Cent. f. Bakt., 
1897,537 and 98, 1898,318; Chester, Man. 
Dcterni. Bact., 1901, 153.) Associated 
with an infectious disease of cattle. 

Bacterium boutrouxii (Trevisan) De- 
Toni and Trevisan. (Micrococcus ca¬ 
pable d’ac^tifier I’alcohol, Boutroux, 
Ann. Inst. Past., 9, 1888, 209; Bacillus 
boutrouxii Trevisan, I generi e le specie 
dellc Batteriacee, 1889, 16; DeToni and 
Trevisan, in Saocardo, Sylloge Fung- 
orum, 8, 1889, 1021.) From alcoholic 
infusions. 

Bacterium bans Migula. {Pneumo¬ 
bacillus liqucfacicns Arloing, Compt. 

rend. Acad. Sci., Paris, 99, 18—, 109 and 
116; Bacillus pncumonicus liqucfacicns 
Kruse, in Fltigge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 288; Bacterium pncu¬ 
monicus liqucfacicns Chester, Ann. Kept 
Del. Col. Agr. Exp. St a., 9, 1897, 99; 
Migula, Syst. d. Bakt., 2. 1900, 442; 
Bacterium pncumonicurn Chester, Man. 
Determ. Bact., 1901, 158.) From the 
exudate of lung plague in cattle. A 
Gram-positive coccus-like bacterium. 

Bacterium brassicae Conrad. {Bac¬ 
terium brassicae acidae liehmann and 
Conrad, in liehmann and Xeumann, 
Bakt. Diag., 1 Aufl., 9, 1896, 232; Con¬ 
rad, Arch. f. Hyg., 99, 1897, 82; not 
Bacterium brassicae Wehmer, Cent. f. 
Bakt., II Abt., 10, 1903, 628; not Bac¬ 
terium brassicae Migula, Syst. d. Bakt., 
9, 1900, 296 {Bacillus brassicae Pominer, 
Mitt, botan. Inst. Graz, 1, 1886, 95); 
Bacillus brassicae Migula, loc. cit., 737.) 
From sauerkraut. 

Bacterium breitfussi Issatchenko. 
(Recherches sur les microbes dc POc4an 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 152.) From sea water. 

Bacterium bremssimum Weiss. (Arb. 


bakt. Inst. Karlsruhe, 9, Heft 3, 1962, 
227.) From vegetable infusions. 

Bacterium brunneoflavum (Dyar) Ches¬ 
ter. (Bacillus brunneoflavus Dyar, Ann. 
N, V. Acad. Sci., 8, 1895, 362; Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897,112.) Culture^ceived from KrM’s 
laboratory as Micrococcus brunneus. 

Bacterium bullosum Migula. (Bacillus 
No. 18, Pansini, Arch. f. pathol. Anat. u. 
Physiol., 199, 1890, 451; Migula, Syst. d. 
Bakt., 9, 1900, 415.) From feces. 

Bacterium cadaveris (Sternberg) Ches¬ 
ter. {Bacillus cadaveris Sternberg, Man. 
of Bact., 1893, 492; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 126.) 
From liver and kidneys of yellow fever 
cadavers. .\naerol>e. 

Bacterium canalis Migula. (Kapsel- 
tragender Kanalbacillus, Mori, Ztschr. 
f. Hyg., 4t 1888, 52; Bacillus canalis cap 
sulatus Sternberg, Man. of Bact., 1893. 
476; Baqterium canalis capsulatus Ches¬ 
ter, Ann. Rept. Del. Col. Agr. E.xp. Sta., 
9, 1897, 130; Migula, Syst. d. Bakt., 9, 
1900, 351.) From sewage. 

Bacterium canalis parvum (Sternberg) 
C'hester. {Bacillus canalis parvus Stern¬ 
berg, Man. of Bact., 1893, 476; Chester, 
Ann. Rept. I>el. Col. Agr. Exp. Sta., 9, 
1897, 130.) Obtained by Mori (1888) 
from sewage. 

Bacterium carneum (Kruse) Chester. 
(Fleischfarbiger Bacillus, Tils, Ztschr. 
f. Hyg., 9, 1890, 294; Bacilluf^ carnicolor 
Frankland and Franklaml, Microor¬ 
ganisms of Water, 1894 , 477; Bacillus 
carncus Kruse, in Fliigge, Die Mikro¬ 
organismen, 3 .\ufl., 2, 1896,3(M; Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 113.) From water. 

Bacterium carnosum Kern (Arb. 
bakt. Inst. Karlsruhe, /, Heft 4, 1896, 
448.) From the intestines of birds. 

Bacterium cartilagineum (Olsen-Sopp) 
Buchanan and Hammer. {Bacillus car- 
tilagineus Olsen-Sopp, Cent. f. Bakt., 
II Abt., 55, 1912, 49; Buchanan and 
Hammer, Iowa Sta. Agr. Exp. Sta., 
Res. Bull. 22, 1915, 271.) From slimy 
or ropy sour milk called false taettc. 
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Bacterium eanieola Migula. (Bacil¬ 
lus No. XII, Adamets, Landw. Jahrb., 
18^ 1889, 245; Migula, Syst. d. Bakt., 8, 
1900, 475.) From cheese. 

Bacterium castellum Hcnrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
38.) From cheese. 

Bacterium catenula Dujardin. (Du- 
jardin. Hist, natur. des zooph., 1841; 
Bacillue catenula Trevisan, I generi e Ic 
specie delle Batteriacee, 1889, 18; not 
Bacillus catenula Migula, Syst. d. Bakt., 
B, 1900, 588.) From rice paddies and 
swamps. 

Bacterium caratum Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 449.) 
From the intestines of birds. 

Bacterium cavernae Migula. (Bacillus 
cavernae minutissimus Kruse, in FlOgge, 
Die Mikroorganismen, 3 Aufi., B, 1896, 
440; Pfeiffer und Beck, Deutsch. med. 
Wochnschr., 1892, No. 21; Migula, Syst. 
d. Bakt., B, 1900, 509.) From human 
tuberculosis. 

Bacterium caviae fortuitum (Sternberg) 
Chester. (Bacillus caviae fortuitus 
Sternberg, Man. of Bact., 1893, 650; 
Chester, Ami. Kept. Del. Col. Agr. E.xp. 
Sta., 9, 1897, 74.) From the liver of a 
yellow fever cadaver. 

Bacterium cavicida havaniensis (Stern¬ 
berg) Chester. (BacilUts cavicida hava- 
niensis Sternberg, Man. of Bact., 1893, 
426; Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 74.) From the in¬ 
testine of a yellow fever cadaver. 

Bacterium centricum Migula. (Huber, 
Armin, Arch, f. pathol. Anat. u. Physiol., 
1S4, 1893, 216; Migula, Syst. d. Bakt., B, 
1900, 390; not Bacterium concentricum, 
a typographical error, see Migula, ibid.. 
page V.) From a case of cystitis. 

Bacterium cerinum Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
50.) From cheese. 

Bacterium chlorinum Engelmann. 
(Bot. Zeitung, 1882, 324.) Green pig¬ 
ment. 

Baderium ehologenes (Kruse) Chester. 
(Colonbacillus, Stem, Deutsche med. 
Wochnschr., 1803, 613; Bacittus cholo* 


genes Kruse, in FlUgge, Die Mikroor¬ 
ganismen, 3 Aufi., B, 1896, 374; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 0, 
1897, 69.) From a case of purulent 
meningitis. 

Bacterium chryssum Migula. (Bacil¬ 
lus nova species II, Freund, Inaug. 
Diss., Erlangen, 1893, 37; Migula, Syst. 
d. Bakt., B, 1^, 477.) Chromogenic 
bacterium from the mouth cavity. 

Bacterium chrysogloea Zopf. (Zopf, 
in Overbeck, Nova Acta d. kais. Leop.- 
Carol. Akad. d. Naturf., 55, 1891, No. 7; 
Bacillus chrysogloia (sic) Zimmermann, 
Bakt. unserer Trink- u. Nutzwasser, B, 
1894, 12.) From water. 

Bacterium citreum (Frankland and 
Frankland) Migula. (Bacillus citreus 
Frankland and Frankland, Philos. Trans. 
Royal Soc. of London, 178, 1887. B, 272; 
Migula, Syst. d. Bakt., B, 1900, 459.) 
From air. 

Bacterium coli opium Serbinow. 
(Jour. Microbiol. Petrograd., 2, 1915, 
19.) From honey bees (Apis mellifera). 

Bacterium coli similis (Sternberg) 
Chester. (Bacillus coli similis Stern¬ 
berg, Man. of Bact., 1893, 650; Chester, 
.\nn. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 132.) From a human liver. 

Bacterium colloideum Migula. (Bac¬ 
terium hutyri colloideum Lafar, Arch. f. 
Hyg., 18, 1891,17; Migula, Syst. d. Bakt., 
B, 1900, 409.) From butter. 

Bacterium comes Bersteyn. (Arb. 
bakt. Inst. Karlsruhe, 5, 1903, 93.) 
From soil. 

Bacterium compaction (Kruse) Migula. 
(Bacillus compactus Kruse, in FlOggc, 
Die Mikroorganismen, 3 Aufi., B, 1896, 
353; Migula, Syst. d. Bakt., B, 1900, 438.) 
P>om air. 

Bacterium concentricum Kern. (Arb. 
bakt. Inst. Karlsruhe, i. Heft 4, 1896, 
437.) From the intestines of birds. 

Bacterium conjunctivitidis (Kruse) Mi¬ 
gula. (Koch, Berichte aus Aegypten 
an den preuss. Staatsminister des In- 
nern; sec Arb. a. d. kaiserl. Gesund- 
heitsamte, 8, 1887; Kartulis, Cent* L 
Bakt., J, 1887, 289; Bacittus etegypUus 
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Trevisan, I generi e le specie delle 
Batteriacco, 1889,13; Bacillu$ conjuneti- 
vitidia Kruse, in FlUgge, Die Mikro- 
organismen, 3 Aufl., 1896, 440; Bac¬ 
terium conjuuciivitia Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9,1897,67; Mi- 
gula, Syst. d. Bakt., 2, 1900, 609; not 
Bacterium conjunciivitidia Chester, Man. 
Detemi. Bact., 1901, 120; Bacterium 
aegyptium Chester, ibid., 121.) Asso¬ 
ciated with conjunctival catarrh in 
Egypt. 

Bacterium corticate (Haenlein) Migula. 
(Bacillua corticalie Haenlein, Dcutsch. 
Gerberzeitung, 1894, No. 18-34; Migula, 
Syst. d. Bakt., 2, 1900, 449.) Found on 
pine bark; in acid dyeing-liquor. 

Bacterium crenaium Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
221.) From fermenting malt. 

Bacterium crietalliferutn Gicklhorn. 
(Cent. f. Bakt., II Abt., 60, 1920, 420.) 
A sulfur bacterium from soil. Sec 
Manual, 6th ed., 1939, 86 for a descrip¬ 
tion of this organism. 

Bacterium cuticularia (Tils) Chester. 
{Bacillua cuticularia Tils, Ztschr. f. 
Hyg., 9, 1890, 293; Chester, Ann. Kept. 
Del. Col. Agr. Kxp. Sta., 9, 1897, 105.) 
From water. 

Bacterium debile Berstyn. (Arb. bakt. 
Inst. Karlsruhe, 5,1903,96.) From soil. 

Bacterium delendae-muacae Uoubaud 
and Descazeaux. (Compt. rend. .\cad. 
Sci., Parts, 177, 1923, 716.) From fly 
larvae {Stomoxya calcitrana and Muaca 
domeatica ). 

Bacterium dclicnsc Honing. (Cent, 
f. Bakt., II Abt., 67, 1913, 377.) From 
tobacco plants in Sumatra. 

Bacterium diatrypelieum Migula. 
{Bacillua dialrypeticua caaei Baumann, 
Landwirtsch. Versuchsstationen, 4^, 
1893,181; Migula, Syst. d. Bakt., f, 1900, 
404.) From cheese. 

Bacterium enchelya Ehrcnberg. 
(Ehrenberg, Abhandl. d. Akad. d. 
Wissensch. zu Berlin, 1830, 61; Bacillua 
enchelya Trevisan, I generi c le specie 
dclle Batteriacee, 1889, 18.) From 
water. 


Bacterium endocarditidia Migula. 
(Bacillua endocarditidia capaukUua 
Weichselbaum, Beitr. z. pathol. Anat. 
u. z. allgem. Pathol., 4,1887,197;Migula, 
Syst. d. Bakt., F, 1900, 369.) Found in 
the aorta, the left ventricle, the spleen 
and kidneys of cadavers. 

Bacterium endometritidia (Kruse) 
Chester. (Bacillua endometritidia 
Kruse, in Fltlgge, Die Mikroorganismen, 
3 Aufl., 6,1896, 432; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., P, 1897, 88.) 
From a liver abscess. 

Bacterium endomelritia cania Meyer. 
(Meyer, quoted from Pribram, Klassi- 
fikation der •Schizomyceten, I.ieipzig 
und Wien, 1933, 77; Plocamobacterium 
endometritis Pribram, idem.) From a 
case of endometritis in a dog. 

Bacterium cnterocoliticum Schleifstein 
;ind Coleman. (A motile. Gram-nega¬ 
tive bacillus, Schleifstein and Coleman, 
X. Y. State Jour. Med., 3P, 1939, 1749; 
Ann. Rept. Div. Lab. and Res., N. Y. 
State Dept. Health for 1943, 56.) From 
lesions about the face, from an ulcer in 
the* intestine and from the- intestinal 
contents. Resembles Bacillus lignieri 
and Paateurella pseudotulyerculoaia. 

Bacterium crythromyxa (Zopf) Migula. 
{Micrococcus (Staphylococcus) eryihro- 
myxa Zopf, Ber. d. deutschen bot. 
Gesellsch., 1891, 22; Rhodococcua ery- 
thromyxa Zopf, loc. cU.\ Migula, Syst. 
d. Bakt., P; 1900, 487; Bacillus erythro- 
myxa Matzuschita, Bakt. Diag., 1902, 
389.) Frequently listed as a Micro¬ 
coccus. 

Bacterium exanthemalicum (Kruse) 
Chester. (Bacille, Babes and Oprescu, 
Ann. Inst. Past., 5, 1891, 273; Bacillua 
cxanthcmaiicua Kruse, in FlUgge, Die 
Mikroorganismen, 3 Aufl., 6, 1896, 426; 
Chester, Ann. Rept. Del. Col. Agr. E.xp. 
Sta., P, 1897,87.) From a case of hemor¬ 
rhagic septicemia. 

Bacterium fauaaehi Issatohenko. (Re- 
cherches sur les microbes de POedan 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 167.) From sea water. 

Bacterium ferophilum (sic) Migula. 
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(Die ferrophilen Bakterien, Marpmann, 
Cent. f. Bakt., II Abt., 4, 1898, 21; 
Migula, Syst. d. Bakt., F, 1900, 455 and 
1058.) Isolated during studies on black 
discoloration of cheese. 

Bacterium finitimvm Chester. (Ba¬ 
cillus finitimus ruber Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895, 361; Bacterium finiti¬ 
mus ruber Chester, Ann. Ropt. Del. Col. 
Agr. Exp. Sta., 9, 1897, 116; Chester, 
Man. Determ. Bact., 1901, 177.) From 
air. 

Bakterium fiaveum Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, 5, 1903, 15.) 
From meat extract. 

Bacterium flavocon'aceum (Kisenbcrg) 
Chester. (Schwefelgelber Bacillus, 
Adametz and Wichmann, Die Bakterien 
der Trink- und NutzwAsscr, Mitt. Oest. 
Versuchsstat. f. Brauerei u. Malz., 
Wien, Heft 1, 1888, 49; Bacillus flavo- 
ccriaceus Eisenberg, Bakt. Diag., 3 
Aufl., 1891, 144; (^hesfer, Ann. Ropt. 
Del. Col. Agr. E.\p. Sta., 9, 1897, 112.) 
From water. 

Bacterium flavofuscim Migula. (Xo. 
9, Lembke, Arch. f. Hyg., ?6‘, 1896, 304; 
Migula, Syst. d. Bakt., 2, 1900, 479.) 
From meat. 

Bacterium flavum Issa^chcnko. (Uc- 
cherches sur les microbes do TOcean 
Glacial Arctique (in Ru.ssian). Potro- 
grad, 1914, 151.) From sea water. 

Bacterium foliicola (Miche) de Jongh. 
(Bacillusfoliicola Miehe, see Jahrb. wiss. 
Bot., 68, 1914, 1; ibid., 68, 1919, 29; do 
Jongh, On the Symbiosis of Ardisin 
erispa. Thesis, Univ. Ixjiden, 1938, 33 ) 
A bacterial symbiont isolated from 
germinating seeds and embryos. 

Bacterium freundii Migula. (Bacillus 
nova species I, Freund, Inaug. Diss., 
Erlangen, 1893, 31; Migula, Syst. d. 
Bakt., 8, 19(X), 472.) From the mouth 
cavity. 

Bacterium funffoides (Tschistowitsch) 
Migula. (Bacillus fungoides Tschisto¬ 
witsch, Berl. klin. Wochnschr., 1892,513; 
Migula, Syst. d. Bakt., B, 1900, 391.) 
From pus. 

Bacterium Juscum (FlOgge) Migula. 


(Bacillus fuscus Fltigge, Die Mikro- 
organismen, 2 Aufl., 1886, 290; Migula, 
Syst. d. Bakt., F, 1900, 463.) From 
water. 

Bacterium gamma (Dyar) Chester. 
(Bacillus gamma Dyar, Ann. N. Y. Acad, 
^i., 8, 1895, 367; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 106.) 
From air. 

Bacterium gammari Vejdovsky. 
(Cent. f. Bakt., II Abt., It, 1904, 484.) 
From sections of a fresh water crustacean 
(Gammarus tschokkei). Cells exhibit 
nuclei, showing mitosis. 

Bacterium gelechiae No. 1 and No. 2, 
Metalnikov and Metalnikov. (Compt. 
rend. Acad. Agr., France, 18, 1932, 204.) 
From dead and dying larvae of a moth 
(Gclechia gossypiella), 

Bacterium gelechiae No. 5, Metalni¬ 
kov and Meng. (Compt. rend. Soc. 
Biol., Paris, 118, 1933, 170.) From dead 
larvae of a moth (Gelechia gossypiella). 

Bacterium gemmiforme Migula. 
(Lcmhkc, Arch. f. Hyg., 89, 1897, 313; 
Migula, Syst. d. Bakt., 8, 1900, 391.) 
From intestinal contents. 

Bacterium gibbosum Weiss. (Arb. 
bakt. Inst. Karlsruhe, 8, Heft 3, 1902, 
230.) From fermenting beets and malt. 

Bacterium gingivae pyogenes Miller. 
(Miller, Die Mikroorganisinen der Mund- 
hohle, Leipzig, 1888, 217; Bacillus gingi¬ 
vae pyogenes Sternberg, Manual of Bact., 
1893, 471.) From an alveolar abscess. 

Bacterium gingivitidis (Kruse) Migula. 
(Bain'S, Deutsch. med. Wochnschr., 1893, 
1035; Bacillus gingivitidis Kruse, in 
FlUgge, Die Mikroorganismen, 3 Aufl.,F, 
1896,427; Migula, Syst. d. Bakt., 8, 1900, 
393.) Isolated in an epidemic of scurvy 
in Jassy. 

Bacterium gliscrogenum Malerba and 
Sanna-Salaris. (Malerba and Santia- 
Salaris, Lavori eseguiti nelPIstituto 
fisiol. di Nn|)oli, 8, 1888,13 and 95; Bacil¬ 
lus gliscrogenus Trevisan, I generi e le 
specie delle Batteriaece, 1889, 14.) 
From urine. 

Bacterium gonnermanni Migpil^* (Ba¬ 
cillus luberigenus 0 Gotincrmaimi l4ilid- 
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wirtsch. Jahrb., iS, 1894, 657; Miguhi, 
Syst. d. Bakt., 2, 1900, 418.) From root 
nodules of lupine. 

Bacterium gracileecene Weiss. (Arb. 
bakt. Inst. Karlsruhe, f, Heft 3, 1902, 
259.) From fermenting asparagus and 
malt. 

Bacterium gracillimum Weiss. (Arb. 
bnkt. Inst. Karlsruhe, f, Heft 3, 1902, 
235.) From bean and asparagus in¬ 
fusions. 

Bacterium granulatum Henrici. (Hen- 
rici, Arb. bakt. Inst. Karlsruhe, /, Heft 
1, 1894, 33; not Bacterium granulatum 
Chester, Man. Determ. Bact., 1901,189.) 
From cheese. 

Bacterium granuloeum Weiss. 

Arb. bakt. Inst. Karlsruhe,;?, Heft 3,1902, 
212; not Bacterium (jranulosum liChinunn 
and Neumann, Bakt. Diag., 5 Aufl., 2, 
1912, 306.) From vegetable infusions. 

Bacterium gryllotalpac Metalnikov and 
Mcng. (Compt. rend. Acad. Sci., Paris, 
201 f 1935, 367.) From diseased larvae 
of the cricket (Gryllotalpa gryllotalpa). 

Bacterium gummosum Ititsert. (Rit- 
sert, Ber. d. phurinaz. Gesell., /, 1891, 
389; abst. in Cent. f. Bakt., //, 1802, 
730; Bacillus gummosus Migula, Syst. 
d. Bakt., 2, 1900, 873.) A ini.\turc of a 
spore-forming rod and a streptococcus. 
See Bacillus gummosus Happ ami Micio- 
coccus gummosus Happ. 

Bacterium halaus (Ziminermann) Mi¬ 
gula. {Bacillus halans Zimmerinann, 
Die Bakterien unserer Trink- u. Xuts- 
w&sser, Chemnitz, f, 1894 , 54; Migula, 
Syst. d. Bakt., 2^ 1900, 429.) From 
water. 

Bacterium hcbctisiccus Steiiihaus. 
(Jour. Bact., 42, 1941, 762 and 773.) 
From the walking stick {Diapheromcra 
femorata). 

Bacterium herhicola a aurcum Gei- 
linger. (Mitteil. a. d. Gebietc d. 
I^l^nsmitteluntersuchungcn u. Hyg., 
12, 1921, 262.) From corn meal. This 
is a variety of Bacillus herbicola Burr! 
and DOggcli. 

Bacterium herbicola rubrum DOggeli. 
(DOggeli, Cent. f. Bakt., II Abt., 12 , 


1904, 605; Bacterium herbicola 0 rubrum 
licdimunn and Xeuniann, Bakt. Diag., 4 
Aufl., 2, 1007, 356.) From germinating 
plants, roots and barley seeds. 

Bacterium hexacarbovorum Stdrmer. 
(Jahreslicr. d. Vereinigg. f. angew. 
Botanik, 5, 1907, 116.) From soil. 
Utilizes l)enzene' and certain benzene 
derivatives. 

Bacterium hidium Goobin. (Russian 
Health Resort Service, 5, 1923, 3.) At¬ 
tacks ethane and other hydrocarbons. 

Bacterium hirudinicolicum lichmen- 
sick. (Cent. f. Bakt., I Abt., Grig., H7, 
1941, 317; sec Biol. Abst., 18, 1944, No. 
6761.) Symbiotic in the intestines of 
Hirudo ojficinalis and H. medicinalis. 
Bacterium hoshigaki var. glucuronicum 
II and III Takahashi and Asai. (Cent, 
f. Bakt., II Abt., 87, 1933, 395 and 405.) 
From dried persimmons (hoshigaki). 

Bacterium injecundum Chester. {Ba¬ 
cillus filiformis havaniensis Sternberg, 
Man. of Bact., 1893, 650; Bacterium fili¬ 
formis havaniensis Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., y, 1897, 126; 
C’hestf r, Man. I>tcrm. Bact., 1901,184.) 
From the liver of a yellow fever cadaver. 
Anaerobic. 

Bacterium itiocuum Chester. (Wilde, 
Wien. klin. Woclinschr., 1892, Xo. 1-2; 
Bacillus lactis inocuus Kruse, in Flugge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
352; Bacterium lactis inocuus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 82; Chester, Man. Determ. Bact., 
1901, 138.) From milk. 

Bacterium intrinsectum Steinhaus. 

(Jour. Bad., 4^, 1941, 764 and 774.) 

From an unidentified leaf beetle. 

Bacterium iogenum Baumgartner. 

(I>eutsche Moiiatschr. f. Zahnheilk., 27, 
764; Bacterium jogenum Baumgartner, 
Ergeb. d. gesani. Zahnheilk., /, 1911, 752 
and 779; B. iogenum Kligler, Jour. Allied 
Dent, ^c., 10, 1915, 152.) From the 
mouth. Regarded as identical with 
Jodococcus vagiMtus Miller by Kligler 
(/oc. ci7.). 

Bacterium keratomalacioe Migula« 

{Bacillus septicus keratamalaciae Babes, 
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BakterioL Untersuoh. d. sept. Proiesae 
d. Rondesalters, Leipiig, 1889; Migula, 
ByuU d. Bakt.» F, 1900, 363.) From an 
infected cornea. 

BaeUrium knipaioitchi Issatchenko. 
(Beeherches aur lea microbea de TOc^an 
Oladal Arctique (in Ruaaian). Petro* 
grad, 1914, 150.) From aea water. A 
phoaphoreacent bacterium found to be 
pathogenic for the mealworm (Tenebrio 
molitar) by Pfeiffer and Stammer 
(Ztachr. f. Morph, u. Okol. d. Tiere, SO, 
1930,157). 

Bacterium kralii (Dyar) Cheater. 
(Bacillue kralii Dyar, Ann. N. Y. Acad, 
l^i., 8, 1895, 376; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9,1897, 93; not 
Bacterium kralii Cheater, Man. Determ. 
Bact., 1901, 166.) Received as Bacillue 
bulyricue from Krkrs laboratory by 
Dyar. The 1900 Krkl Catalogue lists 
cultures of Bacillue bulyricue Botkin and 
BaeiUue bulyricue Hueppe. As Dyar 
found that the characters of his culture 
differed from those of Bacillue bulyricue 
Hueppe, Dyar*8 culture was probably 
Bacillue bulyricue Botkin. 

Bacterium kralii Chester. {Bacillue 
fuecue liqueSaciene Dyar, Ann. N. Y. 
Acad. Sci., 8,1895,375; Bacterium fuecue 
Hqu^aciene Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9,1897,108; Chester, 
Man. Detenu. Bact., 1901, 166.) Re¬ 
ceived as Bacillue fuecue from Kriil’s 
laboratory by Dyar who also found it in 
air. The 1920 Krkl catalogue lists Bacil¬ 
lue fuecue Flllgge S 3 m. Bacterium brun- 
neum Schrdtter (sic); braunrothcr Ba¬ 
cillus Maschek. 

Bacterium laerii Migula. {Bacillue 
viecaeue No. f, van Laer, Extrait des 
mteoires couronnds et autres m4moires, 
Acad. Royale de Belgique, 1889, 36; see 
Kramer, Bakteriol. in ihren Beziehungen 
sur Landwirtsch., F, 1892, 119; Bacillue 
viecaeue cerevieiae Kruse, in Flllgge, Die 
Ifikroofganismen, 3 Aufl., F, 1896, 359; 
Bacterium viecaeue terevieiae Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1807,78; Bffigola, Byet. d. Bakt., F, 1900, 
408; Bacterium vieeoeum Chestar, Man. 


Determ. Bact., 1901, 128.) From beer, 
yeast, air, bread. Causes a slimy fer¬ 
mentation. 

Bacterium laevolaclicum Migula. {Ba^ 
cillue acidi laevolactici Schardinger, 
Monatsh. f. Chemie, 11, 1890, 544; Mi¬ 
gula, Syst. d. Bakt., F, 1900, 406; Bac¬ 
terium acidi laevolactici Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., F, 1907, 
178.) From milk.. 

Bacterium laminariae Billet. (Compt. 
rend. Acad. Sci., Paris, 106, 1888, 293; 
Billetia laminariae Trevisan, I generi e 
le specie dclle Batteriacee, 1889, 11; 
Kurthia laminariae De Toni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8, 
1889, 931.) Froin rotting sea weed. 
The type species of the genus Billetia 
Trevisan. 

Bacterium langkatenee Honing. 
(Cent. f. Bakt., II Abt., S7, 1913, 381.) 
From tobacco plants in Sumatra. 

Bacterium largum (v. Klecki) Migula. 
{Bacillue largue v. Klecki, Ann. Inst. 
Past., 9, 1898, 728; Migula, Syst. d. 
Bakt., F, 1900,448.) From the intestines 
of dogs. 

Bacterium lepierrei Chester. (Bacillc 
fluorescent pathog^ne, Lepierre, Ann. 
Inst. Past., 9, 1895, 643; Chester, Man. 
Determ. Bact., 1901,182.) From cistern 
water. 

Bacterium lethalie (Babes) Chester. 
{Proteue lethalie Babes, Progrds Medical 
Roumain, 1889; Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9,1897,104; Bacillue 
lethalie Chester, Man. Determ. Bact., 
1901,249.) From lung gangrene in man. 

Bacterium leucaemiae Migula. (Lucet, 
Jahresber. Q. Fortschr. in d. Lchre v. d. 
path. Mikroorg., 7, 1891, 319; Bacillue 
leucaemiae canie Kruse, in FlOgge, Die 
Mikroorganismen, 3 Aufl., F, 1896, 285; 
Bacterium leucaemiae cani^ Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897,119; Migula, Syst. d. Bakt., F, 1900, 
442; BaciUue leucaemiae Chester, Man. 
Determ. Bact., 1901, 264.) From a dog 
with leukemia. 

Bacterium limbatum Migula. (Boc- 
terium limbatum addi lactici Marpmann, 
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ErgAnzungshefto cl, Centralb. f. alig. 
Gesundheitspilege, i, 122; BaciUu$ Urn- 
baiuB aeidi lactiei Sternberg, Man, of 
Dact., 1893, 645; Migula, Syst. d. Bakt., 
F, 1900,407.) From fresh milk. 

Bacterium lineola (Mdller) Cohn. 
(Ftbrto lineola MUlier, Vermium His- 
toria, 1773, 39; Cohn, Beitr. s. Biol. d. 
Pflanz., i, Heft 2, 1872, 170; BaciUue 
It neo/a Trevisan, I generi e le specie delle 
Battcriacee, 1889, 18.) From stagnant 
water, infusions, etc. 

Bacterium Uni Migulu. (Winograd¬ 
sky, Compt. rend. Acad. Sci., Paris, lei, 
1893, 742; Migula, Syst. d. Bakt., 2, 1900, 
513.) From retting hemp. 

Bacterium linkoi Issatchenko. (lle- 
cherches sur les microbes de POc4an 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 154.) From sen water. 

Bacterium liquefaeiene communie 
(Sternberg) Chester. (BaciUue lique- 
faciene communie Sternberg, Man. of 
Bart., 1893, 686; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 91; 
BaciUue communie Migula, Syst. d. 
Bakt., 9,1900,725; not BaciUue communts 
Jackson, Jour. Inf. Dis., 8, 1911, 241.) 
From the feces of yellow fever patients. 

Bacterium litoretim Warming. (Warm¬ 
ing, Danmarks Kyster levende Bak- 
terior, 1875, 398; Bacillus litoreue Trevi- 
san, I generi e le specie delle Batteriacee, 
1889, 18.) From sea water. 

Bacterium loculosum Migula. (F5ch- 
erbacillus. Clausa, Inaug. Diss., WUrz- 
burg, 1889, 27; Migula, Syst. d. Bakt., $, 
1900, 408.) From milk. 

Bacterium luceti Migula. (Lucet, 
Ann. Inst. Past., 5, 1889, 401; Bacillus 
cnniculicida thermophilue Kruse, in 
FlOgge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 418; Migula, Syst. d. Bakt., 9, 
1900,507; Bacterium cunieulicida thermo- 
philue Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 83; BacUrium 
cunieulicida Chester, Man. Determ. 
Bact., 1901, 140.) Associated with an 
epizootic in rabbits and guinea pigs. 

Bacterium ludwigi Karlinski. (Hyg. 

Rundschau, 5, 1895, 685.) From the 


water of the hot springs at Ilidze in 
Bosnia. 

Bacterium luteolum Henrici. (Henrici, 
Arb. bakt. Inst. Karlsruhe, /, Heft 1, 
1894, 51; Migula, Syst. d. Bakt., 9,1900, 
455.) From cheese. 

Bacterium luteecene Migula. (Der 
gelbe Bacillus, Lustig, Diag. d. Bakt. d. 
Wassers, 1893,78; Migula, Syst. d. Bakt., 
9, 1900, 476.) From water. 

Bacterium luteum Adametz. (List, 
Inaug. Diss., Leipzig, 1885,53; Adametz, 
Bakt. Nutz- u. Trinkwasser, Mitteil. d. 
osterr. Versuchsstation fOr Brauerei und 
M&lzerei in Wien, 1888, 48.) From the 
stomach contents of sheep and from 
water. 

Bacterium margarineum Migula. 
(Margarinbacillus a, Jolles and Winkler, 
Ztschr. f. Hyg., 90, 1895, 102; Migula, 
Syst. d. Bakt., 9, 1900, 410.) From 
margarine. 

Bacterium marinum Issatchenko. 
(Recherches sur les microbes de I’Oc^an 
Glacial Arctique (in Russian). Potro- 
grad, 1914, 238.) From sea water. 

Bacterium maydie Maiocchi. (Mai- 
ocehi, Bollet. d. Accad. medic, d. Roma, 
October, 1881; Bacillus maydia Trevisan, 
1 generi e le specie delle Batteriacee, 
1889, 17.) From corn (maize) infusions. 

Bacterium medanense Honing. (Cent, 
f. Bakt., II Abt., 57, 1913, 382.) From 
the peanut plant (Araehis hypogaea). 

Bacterium melolonlhae liquefaeiene 
Paillot. (Compt. rend. Soc. Biol., Paris, 
68, 1916, 1102.) From the cockchafer 
(Melolontha melolontha), According to 
the author’s S 3 r 8 tem of nomenclature, 
this is presumably a synonym of BaciUue 
melolonlhae liquefaeiene a. 

Bacterium meningitidie (Neumann and 
Schaffer) Chester. (Bacillus tneningi'- 
tidis purulentae Neumann and Schaeffer, 
Arch. f. path. Anat., 10$, 1887, 477; 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 71; Bacillus neumanni Mi¬ 
gula, Syst. d. ]^kt., 9, 1900, 751; not 
BadUue neumanni Herter, in Just, 
Botan. Jahresber., 2 Abt., 99, Hieft 4, 
1915,748; Baeittus meningitidie Qiester, 
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Man. Determ. Bact., 1901, 213.) From 
pus from an individual who died of puru¬ 
lent meningitis. 

BMterium meri^mapedioidea Zopf. 
(Zopf, Die Spaltpilse, 1 Auf!., 1883, 56; 
Badllua aynchyaetis Trcvisan, I gencri e 
le specie delle Batteriacee, 1889, 18; 
Bacterium aynchyaeus DeToni and Trevi- 
san, in Saccardo, Sylloge Fimgorum, 8, 
1889, 1022.) From canal water. 

Bacterium microaporum Trevisan. 
(Trevisan, Rendic. d. Instil. Lombardo, 
&r. 2, 15, 1879; Badllua microtia Trevi¬ 
san, I generi c le specie delle Batteriacee, 
1889, 18; Bacterium microtia DcToni and 
Trevisan, in Saccardo, Syllogc Fuiigo- 
rum, 8, 1889, 1025.) From water anti 
putrefying infusions. 

Bacterium minutum (Ziminermami) 
Migula. (Badllua minulua Zimmer- 
mann. Die Bakterien unserer Trink- und 
Nutsw5sser, Chemnitz, 5, 1894, 56; Mi¬ 
gula, Syst. d. Bakt., 5,1900,423.) From 
water. 

Bacterium monachae von Tulx^uf. (v. 
Tubeuf, Forstlich naturwissensch. 
Ztschr., /, 1892, 34; Badllua monachae 
Migula, Syst. d. Bakt., 5, 1900, 742.) 
From the larvae of a moth {Lymantria 
mcnacha). 

Bacterium multipediculum (FlUgge) 
Chester. (Badllua multipcdiculua 
FlOgge, Die Mikroorganismen, 2 Auf!., 
1886, 3^; Chester, Ann. Kept. Del. Col, 
Agr. Exp. Sta., 9, 1897, 104.) Isolated 
frequently as a contamination on potato 
media. 

Bacterium muripealifer (Kruse) Ches¬ 
ter. (Bacillus der Mauseseuche, Laser, 
Cent. f. Bakt., if, 1892, 184; Badllua 
muripealifer Kruse, in Flilgge, Die 
Mikroorganismen, 3 Aufl., 5, 1896, 432; 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 87.) From the spleen of a 
field mouse. Associated with a plague 
of field mice. 

Bacterium nacreaceum (Zinimermann) 
Migula. (Perlmuttergl&nzender Bacil¬ 
lus, Keck, Inaug. Diss., Dorpat, 1890, 
40; Eberbach, Inaug. Diss., Dorpat, 
18M; BaeiUua naereaceua Zimmermann, 


Die Bakterien unserer Trink- und Nuts- 
w&sser, Chemnitz, 5, 1894, 34; Migula, 
Syst. d. Bakt., 5, 1900, 426.) From 
water. 

Bacterium naphlhalinicua Tausson. 
(Planta, 4, 1927, 214.) From oil-soaked 
soils at Baku, Russia. Oxidizes naph¬ 
thalene. 

Bacterium nicolaieri Migula. (Kap- 
selbacillus, Nicolaier, Cent. f. Bakt., 
18, 1894, 601; Migula, Syst. d. Bakt., 5, 
1900, 354.) Associated with purulent 
nephritis. 

Bacterium nicotianum Bucherer. 
(Cent. f. Bakt., II Abt., i05, 1942-^3, 
446.) From fermenting tobacco leaves. 

Bacterium nicotinobacier Bucherer. 
(Cent. f. Bakt., II Abt., 106, 1942, 170.) 
From a mixture of soil, manure and rot- 
(ing materials. Gram-variable. 

Bacterium nicotinophagum Bucherer. 
(Cent. f. Bakt., II Abt., 106, 1942, 167.) 
From a mixture of soil, manure, and rot¬ 
ting materials. Also from fermenting 
tobacco leaves (ibid,, 446). 

Bacterium nitena Kern. (Arb. bakt. 
Ins.t. Karlsruhe, /, lleft 4, 1896, 459.) 
From the intestines of birds. 

Bacterium nomac (Schimmelbusch) Mi¬ 
gula. (Badllua nomae Schitpmelbusch, 
Deutsch. med. Wochnschr., 1^9, Xo. 26; 
Migula, Syst. d. Bakt., 5, 1900, 384.) 
Found in necrotic tissues. 

Bacterium oblongum (Boutroux) De- 
Toiii and Trevisan. (Micrococcua ob- 
longua Boutroux, Annales de I’Ecole 
normale sup^rieure, S^r. 2, 6, 1881, 67; 
Badllua oblongua Trevisan, I generi e le 
specie delle Batteriacee, 1889,16; DeToni 
and Trevisan, in Saccardo, Sylloge 
Fungorum, 8, 1889, 1021; Bacterium 
gluconirum Miquel and Cambicr, Trait5 
de Bact., 1902, 605; not Bacterium glu- 
conicum Hermann, Biochem. Zeit., 199, 
1928, 198.) From vinegar. May 1^ an 
acetobacter. 

Bacterium ogatae Migula. (Ogata, 
Cent, f . Bakt., 9, 1891,442;Migula, Syst. 
d. Bakt., 9, 1900,389.) From dust. 

Bacterium orchiticurn (Kruse) Chestsr. 
(Bacillus lur Rotsdiagnose, Kutsebsr, 
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ZtBchr. f. Hyg., Bl, 1896, 156; Bacillm 
orehiticuB Kruse, in Flttgge, Die Mikro- 
organismen, 3 Aufl., f, 1806,455; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sia., P, 
1807, 00.) From nasal secretions of a 
glandered horse. 

Bacterium oBleophilnm Billet. (Coti- 
tribution A T^tude de la morphoiogie et 
du d^veloppemeiit des BactAriac^es, 
Bull. Sci. do la France et de la Belgique, 
Paris, F/, 1890, 149.) From macerated 
human bones. 

Bacterium ovale Migula. (Bacillus 
No. 17, Pansini, Arch. f. pathol. Anat. 
u. Physiol., IBBf 1800, 451; Migula, Syst. 
d. Bakt., 2y 1900, 468; not Bacterium 
ovale Chester, Man. Dcterm. Bact., 1901, 
171 (BacilluB ovcUiB Wright, Mem. Nat. 
Acad. Sci., 7,1805,435).) From feces. 

Bacterium ovalum Migula. (Bacillus 
ovatus minutissimuB Unna-Tommasoli, 
Monatsh. f. prakt. Dermatol., 9, 1889, 
59; Migula, Syst. d. Bakt., J?. 1900, 417; 
Bacterium ovatus minutissimus Chester, 
Ann. Rept. Del. Col. Agr. Kxp. Sta., 9, 
1897,139; not Bacterium ovatum Chester, 
Man. Determ. Bact., B)01, 177 (Bacillus 
ruber ovatus Bruyning, Arch. n<5erl. Sci. 
exact; et nat., S^r. II, 1898,297).) From 
human skin \\ith seborrheic eczema. 

Bacterium pollens llenrici. (Arb. 
bakt. Inst. Karlsruhe, / , Heft 1,1894,36.) 
From cheese. 

Bacterium pallescens llenrici. (Arb. 
bakt. Inst. Karlsruhe, 7, Heft 1,1894,35.) 
From cheese. 

Bacterium pallidum llenrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
34; Vlvina pallida Pribram, Klassitika- 
tion der Schizomyceten, Ix^ipzig und 
Wien, 1933, 76.) From cheese. 

Bacterium pallidior Chester. (Bacil¬ 
lus fuBcus pallidior Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895,361; Bacterium fuBcus 
pallidior Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., P, 1897, 111; Chester, 
Man. Determ. Bact., 1901, 171.) Cul¬ 
ture received by Dyar from KrAFs 
laboratory labeled Bacillus laterieeus. 
Dyar renames this because the culture 
does not agree with BaeiUus laUrtceus 


Elsenberg. However, the 1900 KrAi 
catalogue indicates that this was Bacil¬ 
lus latericeus Adametz and Wichmami 
syn. ziegelrother Bacillus, Adametz; 
Bacterium lactcriceum Lehmann and 
Neumann. 

Bacterium pa^illare Issatchenko. 
(Rechorelies sur les microbes de FOedan 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 149.) From sea water. 

Bacterium paradoxus (Kruse) Chester. 
(Typhus ahnlicher Bacillus, Kruse and 
Pasquale, Ztschr. f. Hyg., 16, 1894, 19; 
Bacillus paradoxus Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 373; 
Chest(*r, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 71.) From the liver in a 
case of dy8(‘iitory. 

Bacterium paravisevsum Buchanan and 
Hammer. (Iowa Sta. Coll. Agr. Exp. 
Sta., Res. Bull. 22, 1915, 266.) Stated 
to bo similar to Bacterium viscosum of 
various authors. 

Bacterium patelliforme Honing. 
(Cent. f. Bakt., II Abt., 57, 1913, 378.) 
From tobacco plants in Sumatra. 

Bacterium pateriforme Migula. {Ba¬ 
cillus albicans patcriformis Unna-Tom- 
masoli, Monatsh. prakt. Dermatol., P, 
1889, 58; Migula, Syst. d. Bakt., P, 1900, 
415.) Found on human skin with 
seborrheic eczema. 

Bacterium petersii Migula. (Bac¬ 
terium C, Peters, Botan. Zeitung, 47, 
1889; Bacillus aceticus petitsii Kruse, in 
Fltiggc, Die Mikroorganismen, 3 Aufl., 
8, 1896, 355; Bavtcrium aceticus petersii 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., P, 1897, 77; Migula, Syst. d. Bakt., 
P, 1900, 397; Bacterium aceticum Chester, 
Alan. Ik'tenn. Baet., 19tU, 127; not Bac¬ 
terium aceticum Baginsky, Ztschr. f. 
phys. Chem., /P, ISSS, 437.) From fer¬ 
menting dough. 

Bacterium pholomelricum Engelmann. 
(Engelmann, Jour. Roy. Microscop. Soe., 
1882, 656 and 1883, 256; Bacillus phoio- 
metricus Treyisan, I generi e le specie 
delle Batteriacee, 1889, 18.) Sapro¬ 
phytic. 

Baelsrium piluliformans (MflUer-Thur- 
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gau) Migula. (BaeiUua piluliformana 
MQUer-ThurgaUy Jahresber. d. Versuchs- 
staUon lu WSdenawil im/Z, S, 1894, 92; 
Migula, Syst. d. Bakt., 1900, 513.) 
From a disease of red wine. 

Baeierium pituilo9um Migula. (Ba- 
eilluM laeHs pituitoti LdeflSer, Berliner 
klin. Woehnsebr., 1887, 631; Bacterium 
laetu pituitosi Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 86; Migula, 
8y8t. d. Bakt., 9, 1900, 403; Bacterium 
laciis Chester, Man. Determ. Bact., 
1901,148; not Bacterium lactie Baginsky, 
Ztschr. f. phys. Chem., 12, 1888, 437.) 
From milk. 

Bacterium pityocampae Dufrenoy. 
(Compt. rend. Soc. Biol., Paris, 71, 1919, 
288.) From diseased caterpillars of the 
processionary moth (Cnethocampa piiyo- 
eampa). 

Bacterium pleuropneumoniae Migula. 
(Diplococcus der Brustseuchc der 
Pferde, Schtltz, Arch. f. pathol. Auat. u. 
Physiol., 107, 374; Migula, Syst. d. Bakt., 

1900, 348.) Frequently isolated from 
horses with pneumonia. 

Bacterium plicatum (Zimniermaim) 
Chester. (Bacillue plicatus Zimmer- 
mann, Die Bakterien unserer Trink- und 
Nutzwisser, Chemnitz, 1, 1890,54; Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 108; Bacterium plicativum Mi- 
giila, Syst. d. Bakt., 2, 1900, v and 453). 
From water. 

Bacterium pneumopecurium Chester. 
(Bacillus of sporadic pneumonia of 
cattle. Smith, U. S. Dept. Agr. Bur. 
Animal Husbandry, 1895, 136; Chester, 
Man. Determ. Bact., 1901,137.) Similar 
to Paeteurella euilla. 

Bacterium pneumoeepticum (Babes) 
Migula. (Badllue pneumosepticue 
Babes, Progrds m^. roumain, 6, 1889; 
not Bacillue pneumoeepticue Kruse, in 
FlOgge, Die I^kroorganismen, 3 Aufl., 
f, 1806, 408; Migula, Syst. d. Bakt., 2, 
1900, 277.) From a case of septic pneu¬ 
monia. 

Bacterium polymarphum (Frankland 
and Frankland) Migula. (Bacillue poly- 
marphue Frankland and Frankland, 


Philos. Trans. Royal Soc. London, 178, 
1887, B, 275; Migula, Syst. d. Bakt., 2, 
1900, 420.) From air. 

Bacterium porri Majocchi. (Majoc- 
chi, in Tommasi-Crudeli, Anatomia 
patologica, 1, 1882; Bacillue verrucae vul- 
garie Kuhnemann, Monatsh. f. prakt. 
Dermatol., 9, 1889; Bacillue porri Trevi- 
san, I generi e le specie delle Batteriacee, 
1889, 13.) From warts. 

Bacterium prodeniae Metalnikov and 
Metalnikov. (Compt. rend. Acad. 
Agric., France, 18, 1932, 206.) From a 
blackened dead larva of a moth (Pro- 
denia litura). 

Bacterium profuauni (Frankland and 
Frankland) Migula. (Bacillue profueue 
Frankland and Frankland, Philos. Trans. 
Royal Soc. London, 178, 1887, B, 276; 
Migula, Syst. d. Bakt., 2, 1900, 421.) 
From air. 

Bacterium paeudoaquatile Migula. 
(Bacillua aquatilia a, TatarofT, Inaug. 
Diss., Dorpat, 1891, 44; Migula, Syst. d. 
Bakt., 2, 1900, 470.) From water. 

Bacterium paendoconju nctivitidie 

(Kruse) Chester. (Kartulis, Cent. f. 
Bakt., 1, 1887, 289; Bacillue peeudocon- 
junctivitidia Kruse, in Flttggc, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 441; 
Chester, Ann. Kept. Del. Col. .\gr. Exp. 
Sta., 9, 1897, 108.) From conjunctival 
secretions. 

Bacterium paeudofilicinum Migula. 
(Fadenbacillus, Moschek, Baktcriolo- 
gischc Untersuchungen der Iieitmeritzer 
Trinkwasser, liCitmeritz, 1887; Migula, 
Syst. d. Bakt., 2, 1900, 454.) From 
water. 

Bacterium paeudoinfluenzae (Kruse) 
Chester. (Pseudoinfluenzabacillus, 

Pfeiffer, Ztschr. f. Hyg., IS, 1893, 357; 
Bacillue paeudoinfluenzae Kruse, in 
FlUgge, Die Mikroorganismen, 3 Au6., 
2, 1896, 439; Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 66.) From 
water. 

Bacterium peeudokeratomalaciae Mi¬ 
gula. (Loeb, Cent. f. Bakt., 10, 1891» 
369; Migula, Syst. d. Bakt., 2 , 1900,859.) 
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A oapsulated baotorium from infected 
cornea of a child. 

Bacterium peeudomvUipedictUum Mi> 
gula. (Bacillue multipediculua flavus 
Zimmermann, Bakt. unser. Trink- u. 
Nutswilaser, ChemnitZi B, 1804, 42; Mi- 
gula, SyBt. d. Bakt., F, 1900,332.) From 
aewage. 

Bacterium pceudopneumonicum (Pas- 
aet) Chester. (Bacillue peeudopneumo- 
nicuc Passet, Untersuchungen fiber die 
Aetiologie der eiterigen Phlegmone des 
Menschen, 1885,40; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1807, 140; 
Brucella paeudopneumonicum Pribram, 
Klassifikation der Schizomyceten, Leip¬ 
zig und Wien, 1933, 68.) From pus. 

Bacterium punctum (Mueller) Ehren- 
berg. (Monas punctum Mueller, In¬ 
fusoria, 1786, 3; Bacillus punctum Trevi- 
san, I generi e le specie delle Batteriacec, 
1889, 18.) From swamps and stagnant 
water. 

Bacterium putidum Chester. (Bacillus 
gracilis cadaveris Sternberg, Man. of 
Bact., 1803, 733; Chester, Man. Detemi. 
Bact., 1001,140.) From a liver. 

Bacterium pyaemicum Migulu. (Levy, 
Cent. f. klin. Med., 1890, No. 4; abst. in 
Cent. f. Bakt., 8, 1890, 86; Migula, Syst. 
d. Bakt., 8, 1000, 443.) From a case of 
pyemia. 

Bacterium pyocinnabareum (Kruse) 
Chester. (Ferchmin, Ueber rote Eite- 
rung, Wratsch, 1892, No. 24 and 25; 
abst. in Cent. f. Bakt., IS, 1893, 103; 
Bacillus pyocinnabareus Kruse, in 
FlOgge, Die Mikroorganismen, 3 Aufl., B, 
1806,304; Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1807, 113.) From a 
case of red pus. 

Bacterium pyogenes Chester. (Fuchs, 
Inaug. Diss., Greifswald, 1800; BaeiUus 
pyogenes anaerobius Kruse, in Flfigge, 
Die Mikroorganismen, 3 Aufl., B, 1806, 
244; not Bacillus pyogenes anaerobius 
B41a-Johan, Cent, f. Bakt., I Abt., Orig., 
87, 1022, 2M; Bacterium pyogenes an- 
aerobius Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1807, 127; Chester, 
Man. Determ. Baot., 1001, 184; not 


Bacterium pyogenes Migula, Syst. d. 
Bakt., B, 1000, 381; not Bacterium pyo¬ 
genes Ward, Jour. Bact., f, 1017, 610.) 
From stinking pus from a rabbit. 

Bacterium pyraustae Nos, 1-7 Metalni- 
kov and Chorine. (Intemat. Com 
Borer Invest., Sci.' Repts., 1, 1028, 52.) 
From diseased com borer larvae (Py- 
rausta nubilalis Hb.). 

Bacterium radiatum Chester. (Del. 
College Agr. Expt. Sta. Ann. Kept., 11, 
1000, 56.) From soil. 

Bacterium ramificans Weiss. (Arb. 
bakt. Inst. Karlsruhe, B, Heft 3, 1002, 
220.) From bean infusions. 

Bacterium rangiferinum Honing. 
(Honing, Cent. f. Bakt., II Abt., 57, 
1913,370; Plocamohacterium rangiferinum 
Pribram, KlassiOkation der Schizo¬ 
myceten, Leipzig und Wien, 1933, 78.) 
From fermenting tobacco. 

Bacterium repens Miehe. An orga¬ 
nism associated with Bacterium foliicdla 
de Jongh. 

Bacterium retiformans Gicklhom. 
(Cent. f. Bakt., II Abt., SO, 1020, 421.) 
A sulfur bacterium from garden soil. 
See Manual, 5th ed., 1930, 86 for a de¬ 
scription of this organism. 

Bacterium rhizopodicum Migula. (Ba¬ 
cillus rhizopodicus margarineus Jolles 
and Winkler, Ztschr. f. Hyg., BO, 1805, 
105; Migula, Syst. d. Bakt., B, 1900,452.) 
From margarine. 

Bacterium roseum Losski. (Lossld, 
Inaug. Diss., Dorpat, 1803; quot^ from 
Migula, Syst. d. Bakt., 5, 1000, 484; 
Bacillus roseus Nepveux, Thdse, Fac. 
Pharm., Paris, 1920, 115.) From sand. 

Boefenum rubigenosum Kem. (Kem, 
Arb. bakt. Inst. Karlsruhe, 1, Heft, 4, 
1896, 456; Bacillus rubigenosus Nepveux, 
Th^se, Fac. Pharm., Paris, 1920, 118; 
not Bacillus rvbiginosus Catiano, in 
Cohn, Beitr. z. Biol. d. Pflansen, 7,1896, 
538.) From the intestines of birds. 

Bacterium rubrum Schneider. (Bol;- 
terium rubrum Schneider, Arb.' bakt. 
Inst. Karlsruhe, 1, Heft 2, 1894, 213; 
also see Migula, Syst. d. Bakt., 5,1900, 
488; Bacillus rubrum Nepveux, Thise, 
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Fac. Pharm., Paris, 1920, 115.) From 
swamp water. Diffieult to distinguish 
from Bacterium erythromyxa. 

Bacterium rubrum Metalnikov and 
Metalnikov. (Compt. rend. Acad. 
Agric., France, 18, 1932, 204; not Bac¬ 
terium rubrum Schneider, Arb. bact. 
Inst. Karlsruhe, f. Heft 2, 1894, 213.) 
From the cotton worm (Gelechia gossy- 
yiella). 

Bacterium salivae Migula. {Bacillus 
ealivae minuiissimus Kruse, in FlUgge, 
Die Mikroorganismen, 3 Aufl., F, 1896, 
440; Bacterium salivae minutissimus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 86; Migula, Syst. d. Bakt., 
F, 1900, 418.) From secretions of the 
mouth. 

Bacterium salmonicida Lehmann and 
Neumann. (Bacillus der Forcllcn- 
seuche, Emmerich and Weibcl, Arch. f. 
Hyg., BI, 1894, 1; Lehmann and Neu* 
mann, Bakt. Diag., 1 Au6., B, 1896, 240; 
Bacillus salmonicida Kruse, in Flilgge, 
Die Mikroorganismen, 3 Au6., B, 1896, 
322; Bacterium salmonica Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
99; see Mackie ct al.. Final Rept. of the 
Furunculosis Committee, H. M. Station> 
ery Office, Edinburgh, 1935; and Duff, 
Jour. Bact., S4, 1937, 49.) Pathogenic 
for trout. 

Bacterium sanguinis Migula. {Bacil¬ 
lus sanguinis typhi Sternberg, Man. of 
Bact., 1893, 732; Bacterium sanguinis 
typhi Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 89; Migula, Syst. d. 
Bakt., B, 1900, 506.) From the blood of 
typhus fever patients. 

Bacterium schuffneri Honing. (Cent, 
f. Bakt., II Abt., 57, 1913, 370.) From 
tobacco plants in Sumatra. 

Bacterium septenirionale issatchenko. 
(Recherches sur les microbes de 1 Oc4an 
Glacial Arctique (in Russian). Petro> 
grad, 1914, 239.) From sea water. 

Bacterium {Proteus) septicus (Babes) 
Chester. {Proteus septicus Babes, Sep- 
tische Processe des Kindesalters, 1889; 
Bacillus proteus septicus Kruse, in 
Flilgge, Die Mikroorganismen, 3 Aufl., 5, 


1896,279; Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 102; Bacillus 
septicus Chester, Man. Determ. Boot., 
1901, 245; not Bacillus septicus Mac4, 
Traitd pratique de Bact., Ist ed., 1889, 
455; not Bacillus septicus Migula, Syst. 
d. Bakt., 5,1900, 646; not Bacillus septi¬ 
cus Crookshank, Textb. of Bact., 4th 
ed., 1900, 632.) From the intestine of a 
child having septicemia. 

Bacterium setosum Henrici. (Arb. 
bakt. Inst. Karlsruhe, i. Heft 1, 1894, 
46.) From cheese. 

Bacterium siccum Issatchenko. (Re- 
chcrchcs sur Ics microbes de l’Oc4an 
Glacial Arctique <in Russian). Petro- 
grad, 1914, 235.) From sea water. 

Bacterium sieberti Migula. (Siebert, 
Inaug. Diss.,Wlir 2 burg, 1894,13; Migula, 
Syst. d. Bakt., 5, 1900, 456.) From hair 
follicles. 

Bacterium soriferum Migula. (Sev- 
erin. Cent. f. Bakt., II Abt., Jf, 1895, 799; 
Migula, Syst. d. Bakt., 5, 1900, 438.) 
From manure. 

Bacterium spiniferum (Unna-Tomma- 
soli) Chester. {Bacillus spiniferus 
Unna-Tommasoli, Monatsh. f. prakt. 
Dermatol., 5, 1889, 58; Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
110 and 143.) From human skin with 
seborrheic eczema. 

Bacterium spitwsum Weiss. (Arb. 
bakt. Inst. Karlsruhe, 5, Heft 3, 1902, 
219.) From fermenting beets. 

Bacterium spiralc Issatchenko. (Re¬ 
cherches sur les microbes de POedan 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 238.) From sea water. 

Bacterium sputigenum Chester. {Ba¬ 
cillus aerogencs sputigenus capsulatus 
Herla, Archiv de Biol., 14, 1895, 403; 
Chester, Man. Determ. Bact., 1901,133; 
not Bacterium sputigenum Migula, Syst. 
d. Bakt., B, 1900, 378.) From the blood 
of a mouse w^hich had been inoculated 
with the sputum of a pneumonia patient. 

Bacterium sputigenum Migula. (Krei* 
bohm, Inaug. Diss., Helmstedt, 1808, 
29; Migula, Syst. d. Bakt., B, 1900, 378.) 
From the mouth. 
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BaeUrium Bquamatum Weiss. (Arb. 

bakt. Inst. Karlsruhe, F, Heft 3, 1902, 
242.) From vegetable infusions. 

Bacterium aquamoeum Kem. (Arb. 

bakt. Inst. Karlsruhe, /, Heft 4, 1897, 
436.) From the stomachs and intestines 
of birds. 

Bacterium atalactitigenea Honing. 
(Cent. f. Bakt., II Abt., 57, 1913, 375.) 
From tobacco plants in Sumatra. 

Bacterium atembergii Migula. (Ba¬ 

cillus anaerobius liquefaciens Sternberg, 
Man. of Bact., 1893, 693; Migula, Syst. 
d. Bakt., 5, 1900, 444; Bacterium an- 
aerobicum Chester, Man. Determ. Bact., 
1901, 198; Bacillus sternbergii Winslow, 
Kligler and Rothberg, Jour. Bact., 4> 
1919, 487.) From intestines of yellow 
fever cadavers. 

Bacterium steroidiclasium Arnaudi and 
Ercoli. (Boll. Scz. ital. Soc. intern. 

Microbiol., BO (3), 1941, 000; also sec 
Arnaudi, Cent. f. Bakt., II .\bt., 106^ 
1942-43, 362.) Source not given in 
second paper. From bakers* yeast. 

Bacterium streckeri (Trevisan) Migula. 
(Bacillus citreus cadaveric Strassmann 
and Strccker, Ztschr. f. MedizinaF 
l>eamtc, 1888, No. 3; Bacillus streckeri 
Trevisan, I generi c Ic specie delle 
Batteriacec, 1889, 17; Bacterium citreus 
cadaveris Chester, Ann. Ilept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 108; Migula, 
Syst. d. Bakt., 5, 1900, 460; Bacterium 
citreum Chester, Man. Determ. Bact., 
1901, 167.) From a cadaver. 

Bacterium subcitricum Weiss. (Arb. 
bakt. Inst. Karlsruhe, 5, Heft 3, 1902, 
267.) From vegetable infusions. 

Bacterium subfustnim Kern. (Arb. 
bakt. Inst. Karlsruhe, i. Heft 4, 1896, 
461.) From the intestines of birds. 

Bacterium subluteum Migula. (Bacil¬ 
lus luteus von Dobrsyniecki, Cent. f. 
Bakt., I Abt., 5/, 1897, 835; Migula, 
Syst. d. Bakt., 5, 1900, 456.) From the 
mouth. 

Bacterium sulfureum HolschewnikolT. 
(HolschcwnikoiT, Fortschr. d. Med., 7, 
1889, 204 and Ann. de Microgr., /, 1888- 
1889, 261; Bacillus sulfurcus Trevisan, I 


generi e le specie delle Batteriacee, i889, 
17.) From sewage. 

Bacterium sumatranum Honing. 
(Cent. f. Bakt., II Abt., 57, 1913, 374.) 
From tobacco plants in Sumatra. 

Bacterium surgeii (Domic and Daire) 
Buchanan and Hammer. (Bacillus sur- 
geri Domic and Daire, Bull. mens, de 
1'Office de renseignements agricoles, 6, 
1907, 146; Buchanan and Hammer, 
Iowa Sta. Coll. Agr. Exp. Sta., Res. 
Bull. 22, 1915, 254.) From serum pro¬ 
duced in the manufacture of casein. 
Causes slimy milk. Closely related to 
the Bacterium bulgaricum group, accord¬ 
ing to Buchanan and Hammer. 

Bacterium sycosiferum Migula. (Ba¬ 
cillus sycosiferus foetides Unna-Tom- 
masoli, Monatsh. f. prakt. Dermatol., 5, 
1889, 183; Migula, Syst. d. Bakt., 5, 
1900, 385.) From the beard of a patient 
with bacillogcnic sycosis. 

Bacterium syphilidis (Kruse) Migula. 
(Syphilisbacillus, Lustgarten, Wiener 
med. Wochnschr., 1884 and Wiener ined. 
Jahrbticher, 1885; Pacinia syphilitica 
Trevisan, I generi e le specie delle 
Batteriacee, 1889, 23; Bacillus syphilidis 
Kruse, in Fltiggc, Die Mikroorganismen, 
3 Aufl., 5, 18%, 514; Migula, Syst. d. 
Bakt., 5, 1900, 4%.) From syphili.s. 

Bacterium tachytonum Fischer. 
(Fischer, Deutsche med. Wochnschr., 
1894, No. 25-28; Bacillus tachytonus 
Migula, Syst d. Bakt., 5, 1900, 655.) 
From feces in a case of cholera. 

Bacterium tenue Migula. (Bacillus 
tenuis sputigenes Pansini, Arch. f. path. 
Anat., IBB 1890, 453; Bacillus sputigenus 
tenuis (sic) Kruse, in FlUgge, Die Mikro¬ 
organismen, 3 Aufl., 5, 1896, 431; Bac¬ 
terium sputigenes tenuis Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., P, 1897, 
89; Migula, Syst. d. Bakt., 5, 1900, 457.) 
Associated with advanced phthisis and 
catarrhal pneumonia. 

Bacterium termo (Mueller) Ehrenberg. 
(Monas termo Mueller, Infusoria, 1786; 
Ehrenberg, Abhandl. Akad. Berl., 1830; 
Palmella tnfusionum Ehrenberg, In* 
fusionsthierchen, 1838, 526; Zoogfoea 
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fermo Cohn» Nova Acta Leop. Carol., $4* 
1858, 123; BaciUuB termo Trovisan, I 
generi e le specie delle Batteriacee, 1889, 
18.) From infusions. 

Bacterium termo var. subterraneum 
Hansgirg. (Hansgirg, Oest. Bot. 
Ztschr., 1888, 6; quoted from DeToni 
and Trevisan, in Saccardo, Syllogc 
Fungorum, 8, 1889, 1025.) From damp 
walls in a cellar. 

Bacterium thiogenes Lehmann. 
(Thionsiurebakterien, Trautwcin, Cent, 
f. Bakt., II Abt., 58,1921,613; ibid., 61, 
1924,1; Lehmann, in Lehmann and Neu¬ 
mann, Bakt. Diag., 7th Aufl., 2, 1927, 
516; Thiobacillus trauitoeinii Bergcy 
et al., Manual, 2nd ed., 1925,39.) From 
canal water, sewage and soil. Regarded 
by Trautwcin (loc. cit., 1924,6) as closely 
related to Bacterium denitrificana Leh¬ 
mann and Neumann. See Flarobac^ 
ierium denitrificana Bcrgey et al. Hetero- 
irophic and therefore wrongly placed in 
TkiobaciHua (Starkey, Jour. Bact., 28, 
1994, 387; Jour. Gen. Physiol., 18, 1935, 
325). 

Bacterium tholoeideum Ciessner. 
(Gessner, Arch. f. Hyg., 9, 1889, 129; 
BaciUua tholoeideua DeToni and Trevi¬ 
san, in Saccardo, Syllogc Fungorum, 8, 
1889,952.) From the human duodenum. 

Bacterium tortuoaum Zukal. (Zukal, 
Verh. d. zoolog. botan. Gesellsch., Wien, 
85, 1885; Bacillua tortuoaua Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
18; not Bacillua tortuoaua Debono, Cent, 
f. Bakt., I Abt., Orig., 68, 1912, 233.) 
From muddy water. 

Bacterium iremulana Ehrenberg. 
(Ehrenberg, Abhandlungen d. Berliner 
Akad., 1830, 38; Vibrio tremulana Ehren¬ 
berg, Die Infusionsthierchen, 1838, 79; 
Trevisan, Rend. Ist. Lomb., 1879, 145; 
BaciUua tremulana Trevisan, I generi e 
le specie delle Batteriacee, 1889, 18.) 
From stagnant water, infusions, etc. 

Bacterium trichorrhexidia Miguln. 
(BaciUua multiJormia trichorrhexidia Ho- 
dara, Monatsh. f. prakt. Dermatol., 19, 
1894, 173; Migula, Syst. d. Bakt., S, 


1900, 437.) From healthy hair showing 
trichorrhexis. 

Bacterium truncatum Chester. (Ba¬ 
cillus No. XII, Adametz, Landwirtsch. 
Jahrb., 18, 1889; Chester, Man. Determ. 
Bact., 1901,157; not Bacterium truncatum 
Migula, Syst. d. Bakt., 8, 1900, 407; not 
Bacterium iruncatuhi Chester, loc. cit., 
195.) From Emmcnthal cheese. 

Bacterium tubevoaum Kern. (Arb. 
bakt. Inst. Karlsruhe,!, IIeft4,1896,455; 
Bacillua tuberoaua Xepveux, Thftsc, Fac. 
Pharm., Paris, 1920, 113.) From the 
intestines of birds. 

Bacterium turcoaum. ((Quoted from 
Franke and RudlolT, Biochem. Ztschr., 
SIO, 1942, 207.) Source not given! 

Bacterium vniforme Weiss. (Arb. 
bakt. Inst. Karlsruhe, 8, Heft 3, 1902, 
260.) From fermenting malt. 

Bacterium ureae licubc and Groaer. 
(I.ieubc and Grascr, Arch. f. pathol. 
Anat. u. Physiol., 100, 1885,558; Bacillua 
ureae Dyar, Ann. N. V. .\cad. Sci., 8, 
1895, 357; not Bacillua ureae Miquel, 
Bull. Soc. Chim. d. Paris, 81, 1879, 391; 
Urobacillua Icubei Miquel and Cambier, 
Trait6 de Bucteriologie, Paris, 1902, 635; 
not Urobacillua Icubei Beijerinck, Cent, 
f. Bakt., II Abt., 7, 1901, 51; Plocamo- 
bacleriurn ureae Pribram, Klassifikation 
dcr Schizomycctcn, Leipzig und Wien, 
1933, 78.) From urine. I^eubc makes 
no statement regarding spore forma¬ 
tion. While Miqucl’s and Leube’s or¬ 
ganisms are sometimes regarded as 
having been identical, Miquel did not 
regard his Bacillua ureae as being identi¬ 
cal with licube’s Bacterium ureae and 
gave them separate names Urobacillua 
duclnuxii and Urobacillua leuhei (Miquel 
and Cambier, loc. cit., G31 and 035). 
The latter name had however been pre¬ 
viously used by Beijerinck (loc. cit.) for 
a different organism. Dyar credits the 
name Bacillua ureae to Jaksch (Ztschr. 
f. physiol. Chem., 5, 1881, 395) who, 
however, spoke only of a Ilarnstoffpils 
and evidently had no pure cultures. 
Dyar’s culture w'hich came from KM is 
listed in the 1900 KiAl catalogue as 
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BaeiUm ureae Leube. Also see Gibson 
(Jour. Bact., S4» 1935, 493). Ldhnis 
(Handb. f. landwirtsch. Bakt., 1910, 
459) thinks that this species belongs in 
the ProleuH group. 

Bacterium vaillardi Miguia. (Kelsch 
and Vaillurd, Aim. Inst. Past., 4» 1390, 
276; Miguia, Syst. d. Bakt., F, 1900,437.) 
Found in swellings of the lymph system 
in leukemia. 

Bacterium varicoBum Miguia. (Gom- 
bert, llecherches exp5r. microbes con¬ 
junct ivos, Paris, 1889; Bacillus varicoaua 
conjunctivas Sternberg, Man. of Bact., 
1893, 474; Bacterium varicoaua conjunc- 
tivae Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 100; Miguia, Syst. d. 
Bakt., 9, 1900, 444.) From the normal 
conjunctiva of man. 

Bacterium rarioaum Weiss. (Arh. 
bakt. Inst. Karlsruhe, 9, Heft 3, 1902, 
218.) From vegetable infusions. 

Bacterium velatum Miguia. (Bacillus 
tuberigenua 5, Gonnermann, I^nd< 
wirtsch. Jahrb., 1894, 657; Miguia, 
Syst. d. Bakt., 2, 1900, 454; Bacillus 
relatua Nepveux, Tlu'se, Fac. Pharm., 
Paris, 1920, 113.) From lupine root 
nodules. 

Bacterium i^rnicoaum Zopf. (Zopf, 
Beitr. *. Physiol, u. Morpliol. niederer 
Organismen, Heft 1, 1892, 63; Bacillus 
vernicoaua Miguia, Syst. d. Bakt1900, 
781.) From cotton-seed meal. 

Bacterium veaiculoaum Henrici. (.\rb. 
a, d. bakt. Inst. d. techn. Hochschub* 
zu Karlsruhe, /, Heft, 1, 1S94, 37.) 
From cheese. 

Bacterium nllosum (Keck) .Miguia. 
(Bacillus villosuH Keck, fiiaug. Diss., 
Dorpat, 181K), 47; Miguia, Syst. d. Bakt.. 
if, 19(K), 429; Placamtfhnrtrt turn rillotiam 
Pribram, Klassifikatioii der Scliizo- 
myeeten. I^ieipzig und Wien, 19.‘i;i, 79.) 
From water. 

Bacterium vinicola Miguia. (Bacillus 
viacoaua tint Kramer, Bnkteriol. in 
ihren Besiehungen z. Landwirtsch., 9, 
1892,144; Miguia, Syst. d. Bakt., 9.1900, 
510.) From wine. 

Barirrium rinipcrdn Miguia. (Bacil¬ 


lus aaprogenes vini IV, Kramer, Bak- 
teriol. in ihren Beziehungen z, Land- 
wdrtsch., B, 1892, 135; Miguia, Syst. d. 
Bakt., B, 1900,446.) From diseased wine. 

Bacterium viride van Tieghem. (Bull. 
Soc. bot. France, B7, 1880, 174.) Found 
on a fungus. 

Bacterium viacidum Miguia. (Bacillus 
viacoaua margarineua Jolles and Winkler, 
Ztschr. f. Hyg., BO, 1895, 104; Miguia, 
Syst. d. Bakt., B, 1900, 450.) From 
margarine. 

Bacterium viacoautn Miguia. (Bacillus 
viscoaua aacchari Kramer, Sitzungsb. 
d. kais. Akad. d. Wise., Wien, 1889: 
Bakteriol. in ihren Beziehungen z 
Landwirtsch., B, 1892, 156; Miguia, Syst. 
d. Bakt., B, 1900, 447.) Similar to Leu- 
conoatoc meaenteroides except that it 
liquefies gelatin. 

Bacterium viscosum non-liqucfaciena 
Stutzer and Wsorow. (Cent. f. Bakt., 
II Abt., 7/, 1927, 117.) From pupae of 
moth (Biuoa segetum), liesembles Ba¬ 
cillus visrtfsus Frankland. 

Bacterium vitulinum Chester. (Bacil¬ 
lus der Septikwnie bei einem Seekalbe, 
Bosso, Cent. f. Bakt.. B5, 1899, 52; 
Chester, Man. Determ. Bact., 1901,143.) 
From a septicemia of the s(^a-calf (Fhoca 
t'ilulina). 

Bacterium vilulorum Miguia. (Bacil¬ 
lus der weissen Ruhr der Kalber, Jensen, 
.Monatsh. f. prakt. Tierhcilk., 5, 1892, 
92; Maanedskrift for Dyrl.icger, 4, 1892- 
93, 140; Bacillus dyaenteriac vitidorum 
Kruse, in FlUgge, Die Mikroorganismen, 
3 .\uH.. 2.1S!H), 412; Bacterium dyaenteriac 
ritulorum ('hf‘ster. .\nn. Kept. Del. Col. 
.\gr. Kxp. Sta,, 9, 1897, 86; Miguia, 
Syst. d. Bakt., 2. BXX), 394; Bacterium 
dysentvnae Vhchivr, Man. Determ. Bact., 
1901. 145.) .Vssociated with dysentery 
of calves. 

Bacterium unnkleri Miguia. (Mar- 
garinbacillus Jolles and Winkler, 
Ztschr. f. Hyg., BO, 1895, 102; Miguia, 
Syst. d. Bakt,, B, 1900, 485.) From 
margarine. 

Bacterium wrightii Chester. (Cap¬ 
sule Bacillus of Mallory and Wright, 
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Ztfichr. f. Hyg., fSO^ 1895, 220; Chester, 
Man. Detenn. Bact., 1901,133.) From a 
case of bronchopneumonia. 

Bacttritm zinniaides Honing. (Cent, 
f. Bakt., II Abt., 57, 1913, 371.) From 
tobacco, peanut and other plants in 
Sumatra. 

Bacienum zuernianum (List) Chester. 
(Bacillus zucmianus List, Inaug. Diss., 
I^ipsig, 1885, 36; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 83.) 
From fresh manure and intestines of 
sheep; also found in water. 

Coeeobacillus acridiarum Picard and 
Blanc. (Coccobacille des sauterellcs, 
d'Hereile, Compt. rend. Acad. Sci. Paris, 
162, 1911, 1413; Picard and Blanc, ibid., 
166, 1913, 1335; Bacillus acridiorum 
Chaiton, ibid,, 166, 1913, 1708.) From 
a locust (Schistocerca americana Drury). 

Coeeobacillus cajae Picard and Blanc. 
(Compt. rend. Acad. Sci., Paris, 166, 
1913, 1334; Bacillus cajus Marchol, Re¬ 
vue de Phytopath. Appl., 1, 1914, 11.) 
From diseased caterpillars of Arctia caja. 

Coeeobacillus gibsoni Chorine. (In- 
temat. Com Borer Invest., Sci. Repts., 
2, 1929,42; B, gibsoni Paillot, B. presum¬ 
ably indicates Baclerium, see index, 
p. L’infection chez les insectes, 1933, 
134; Bacillus gibsoni Steinhaus, Bacteria 
Associated Extraeellularly with Insects, 
Minneapolis, 1942, 58.) From diseased 
com borer larvae (Pyraustra nubilalis ). 

CoeeobaciUus insectorum Hollande and 
Vernier. (Compt. rend. Acad. Sci., 
Paris, 171, 1920, 207.) From diseased 
caterpillars of a moth (Malacosoma 
eastrensis). 

Coeeobacillus insectorum var. malaco- 
somao Hollande and Vernier. (Compt. 
rend. Acad. Sci., Paris, 171, 1920, 208.) 
From diseased caterpillars of a moth 
(Malacosoma eastrensis). 

Demlrohactorium thermophilum Am- 
broz. (Cent. f. Bakt., II Abt., 97, 1913, 
3.) A thermophilic bacterium from soil. 

DiplohaeiUus melolonthae Paillot. 
(Ccrnipt. rend. Soc. Biol., Paris, 69, 1917, 
5; Annales des £piphyties, 5,1922,117.) 


From larvae of cockchafers (Melolontha 
mehlontha), 

DiplohaeiUus pieris Paillot. (Annales 
des £piphyties, 8, 1922,129.) From dis- 
eased caterpillars of the cabbage butter¬ 
fly (Pieris brassicae), 

Helicobacterivm aerogenes Miller. 
(Deutsche Med. Wchnschr., 12, 1886,119; 
Bacillus helicoides DeToni and Trevisan, 
in Saccardo, Syllogc,Fungorum, 8, 1889, 
952.) From the stomach. This is the 
type species of the genus Helico¬ 
bacter ium. 

Helicobacierium klebsii Miller. (Die 
Mikroorganismen der Mundhohle, 2 
Aufl., Leipzig, 1892, 370; quoted from 
Buchanan, Gen. Syst. Bact., Baltimore, 
1925, 327.) From the mouth. 

Microbacillns citreits haregensis Robine 
andHauduroy. (Compt. rend.Soc.Biol., 
Paris, 98, 1928, 26.) From hot sulfur 
springs at Bardges. Fourment (Compt. 
rend. Soc. Biol., Paris, 98, 1928, 588) 
states that this species is Bacillus lutcus 
FlUgge, but Robine and Hauduroy 
(Compt. rend. Soc. Biol., Paris, 99, 1928, 
317) deny this. 

Micrococcobacillus yiecrolicans Pas- 
cheff. fSec PaschefT, Bericht. d. Oph¬ 
thalmol. Gesellsch., Heidelberg, 1916, 
418 or Klin. Monatsbl. f. Augenheilk., 
57, 1916,517 and 58, 1917, 97; Coccobaeil- 
lus polijmorphus necroticans, quoted from 
Bayer and v. Herrenschwand, Arch. f. 
Ophthalmol., 98, 1919, 358; Micrococco¬ 
bacillus polymorphus necroticans Pas- 
eheff. Arch. d’Ophthalmol., 98, 1921, 28; 
PaschefT, ibid., 97.) From the human 
eye. Reported as the causal organism 
of conjunctivitis. 

Nilrosobacillus thermophilus Campbell. 
(Sci., 76, 1932,23.) Fromsoil. Oxidizes 
ammonia to nitrite. 

Pacinia ferrarii Trevisan. (Bacillo 
deU^ ulcera molle, Ferrari, 1885; Trev¬ 
isan, I generi e le specie delle Bat- 
teriacee, 1880, 23.) 

Pacinia fickii Trevisan. (Bacillus e 
des Conjunctivalsackes, Pick, 1887; 
Trevisan, I generi c le specie delie Bat- 
teriacee, 1889, 23.) 
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Paeinia mieheli Trevisan. (Michel, 
Luftst&bchen dee Conjunotivaleecretee, 
1882; Trevisan, 1 generi e le specie delle 
Batieriacee, 1889, 23.) From the 

conjunctiva. 

Ptocamobacterium acidi lactici Prib* 
ram. (Lange MilchsauresUbchen, Wolff, 
Cent. f. Bakt., II Abt., FO, 1908, 545; 
Pribram, Klassifikation der Schizo- 
myceten, Leipzig und Wien, 1033, 76.) 
From milk. 

Plocamohaeterium epidermidis (Biz- 
zozero) Pribram. {Leptoihrix epi- 
dermidia Bizzozero, Arch. f. path. Anat., 
98, 1896, 455; Pribram, loc. cit., 77.) 
From the skin. 

Plocamobacterium proteolyiicum (Woll- 
man) Pribram. (Glycobacter proteolyt- 
ieua Wollman, Ann. Inst. Past., 86, 1912, 
617; Pribram, loc, cit., 118.) 

Plocamobficterium ruhrum Pribram, 
loc, cit., 78. Red cheese bacterium 
(Kiel). 

Plocamobacterium (ilaitense Pribram, 
loc. cit,, 78. From Tilsit cheese (Kiel). 

Proteus hominie Bordoni-Uffreduzzi. 
(Bacterium, Bordoni-Uffreduzzi and Di 
Mattel, Arch, per le scienze medichc, 10, 

1886, No. 7; abst. in Cent. f. Bakt., 1, 

1887, 345; Bordoni-Uffreduzzi, Ztschr. f. 
Hyg., 5, 1888,333; Proteus hominis eapsu- 
latus Bordoni-Uffreduzzi, ibid.; Proteus 
capsulatus septicus Banti, Lo Sperimen- 
taic, 88; Klebsiella bordonii Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
25; Bacillus capsulatus septicus Kruse, 
in Fliigge, Die Mikroorganismen, 3 AuB., 
8, 1896, il5; Bacterium hominis capsu¬ 
latus Chester, Ann. Kept. Del. Col. Agr. 
E.\p. Sta., 8, 1897,136; Bacterium capsu¬ 


latus and Bacterium capsulatus septieus 
Chester, ibid., 130; Bacterium proteus 
Migula, Syst. d. Bakt., 8, 1900, 362; 
Bacterium bordonii Chester, Manual of 
Determ. Bact., 1901,152.) From a case 
of ragpicker’s disease which may have 
been anthrax or malignant edema. 

Urobacillus beijerinckii Christensen. 
(Christensen, Cent, f. Bakt., II Abt., 87, 
1910,357; Bacillus beijerinckii De Rossi, 
Microbiologia Agraria e Technics, 1927, 
646.) From humus. Utilizes urea. 

Urobacillus jaksekii Sdhngen. (S5hn- 
gen. Cent. f. Bakt., II Abt., 88,1909,93; 
Bacillus jakschii De Rossi, Microbiologia 
Agraria e Technics, 1927, 646.) From 
garden earth. Utilizes urea. 

Urobacillus miquelii Beijcrinck. (Cent, 
f. Bakt., 7, 1901, 47.) From garden 
earth. Lohnis (Handb. f. landwirtsch. 
Bakt., 1910, 459) regards this as belong¬ 
ing to the genus Proteus. 

Urobacillus schutzenbergii I and 11 
Miquel. (MiqucI, Ann. de Micrograph., 
6, 1893, 321 and 323; Bacillus schutzen¬ 
bergii Migula, Syst. d. Bakt., 8, 1900, 
727.) From sewage and river water. 
These may belong to Proteus (Ldhnis, 
Handb. f. landwirtsch. Bakt., 1910,459). 

Urobacterium aerophilum Rubentschik. 
(Cent. f. Bakt., II Abt., 66, 1925, 175.) 
From salt water, Lake Liman near 
Odessa. 

Urobacterium citrophilum Rubent¬ 
schik. (Cent, f. Bakt., II Abt., 66, 1925, 
172.) From black mud and salt water. 
Lake Liman near Odessa. 

Viscobacterium lactis foetidum Laxa. 
(Cent. f. Bakt., II Abt,, 95, 1936, 130.) 
From milk having a fetid odor. 
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APPENDIX TO SUBORDER EUBACTERIINEAE 

Record of species and synonyms discovered too late to be entered in the main 
body of the text. Arranged alphabetically by genera. 


Aceiohacter aceti (KUtxing) Beijerinck 
syn. Bacterium aceticua Cheater, Ann. 
Kept. Del. Col. Agr. Exp. Sta.,d, 1897, 
77. 

Aeetobacter acetoaum Bergey et al. syn. 
Vlvina acetoaa Pribram, Klassifikation 
der Schizomyceten, I^eipzig und Wien, 
1933, 75. 

Aeetobacter aaremiens Bergey et al. 
syn. VUnna aacendens Pribram, Klassifi- 
kation der Sehizomyeeten, Leipzig und 
Wien, 1933. 75. 

Aeetobacter diverxum iiumm. (Duke 
Tniv. Marine Lab., North Carolina. 
Bull. 3, 1946. 63.) From sea water, 
Beaufort, North (^arolina and marine 
algae, Miami, Florida. Digests agar 

Aeetobacter mobile Tftsie and Walker. 
(Jour, of Brewing, 50. 1944, 2%.) From 
bottled ale. 

Aeetobacter pasteurianum (Mutiseiu 
Beijerinek syn. Bacillus pusicurianutu 
Fltlgge, Die Mikroorganisinen, ‘J AuH., 
1886, 314; not Bacillus pnslcunanus lich- 
mann and Neumann, Bakt. Diag., 4 
Aufl., Jf, 1907, 82; Vlvina pasteuriana 
Pribram, Klassifikation der Sehizomy- 
ceten, Leipzig und Wien, 1933, 76. 

Aeetobacter pole ns liumm. (Duke 
Univ. Marine I-.ab., North Carolina. 
Bull. 3, 1946, 63.) From intertidal 
sand. Beaufort, North Carolina. Digests 
agar. 

Aeetobacter ranee ns Beijerinek syn. 
Vlvina rancena Pribram, Klassifikation 
dcr Bchizomyceten, l^eipzig und Wien, 
1933, 76. 

Acetfjbacter aingulare Huiiini. (Duke 
Univ. Marine Lab., North ("arolina, 
Bull. 3, 1946, 62.) From sea water, 
Beaufort, North Carolina. Digests agar. 

Aeetobacter xylinum (Brown) Holland 
syn. Bacillus xylinua Trevisan, 1 generi 
e le specie delle Batteriacee, 1889, 16; 
Vlvina xylina Pribram, Klassihkation 


der Srhizoinycfden, I^eipzig und Wien, 
1933, 76. 

AchromobactLi- caseinicum Gahl. 
(Jour. Bact., /O, 1928, .38.) From a 
solution of sodium caseinate. Polar 
flagellate. Possibly a strain of Pseudo- 
monas Jluorescens Migula that had lost 
the power of forming pigment. 

Achromobacter nijibetsui Takeda. 
((Viit. f. Bakt.. II Abt., 94. 1936, 48.) 
From disea.sed salmon eggs. Not found 
to be virulent. .V polar-flagellated. 
Gram-negative, yellow chromogen, pre¬ 
sumably belonging in (he genus A'an- 
thomonns. 

Acti noburillus act inow ycctemcomitans 
Topley and Wilson syn. Bacillus acti- 
nomycetemcomitans Rosebury, Bact. 
Rev., 8. 1944 , 205. 

Aerohacter liqucfacicus Beijerinck. 
((Vnt. f. Bakt., II .\bt , 1900, 109; 

not Aerohacter liqucfacicus (irimes and 
ilennerty, Sri. Pror. Hoy. Dublin Soc., 
(N.S) 20, 1931, 93.) From mud and 
water in swamps. Monotrielmus, other¬ 
wise like Aerohacter ctoacae. This may 
have been a speries of gas-forming 
Pseudomonas, 

Aerohacter tnrtanvorum Nijdam. 
(The.si8, I^iden, 11K)7.) Decomposes d- 
tart rates. Probably identical with 
Acrobarter a€ro(fen(s (Vaughn, Marsh, 
Stadtman and Cantino, Jour. Bact., Si, 
im6, 324). 

Alcaligenes mnrshallii Bergey et al. 
syn. Bacterium mnrshatli Buchanan and 
Hammer, Iowa St a. Coll. Agr. Exp. 
Sta., Res. Bull. 22, 1915, 272. 

Alcaligenes viscosum W'eldin syn. P/o- 
ramohaclcrium ciscosum Pribram, Klasst- 
fikation der Sehizomyceten, I^eipzig und 
Wien, 1933 . 79. 

Ascococcus buccalis Miller. (Die Mi- 
kroorganismen der Mundhdhle, Leipstg» 
1889, 65.) From the mouth. 
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BaeilluB annulate Wright Syn. Bae~ 
terium annulatuB Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 0, 1897, 
105. 

BaciUuB cubonianuB Macchiati syn. 
BacUtium eubonianuB Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
132. 

BacilluB duplicaiuB Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 457; 
Bacterium duplicatuB Cheater, Ann. 
Ilept. Del. Col. Agr. Exp. Sta., P, 1897, 
90.) From Schuylkill Uiver water. 
Monotrichous. 

BacilluB fluorcBcenB mniahUxB Wright. 
(Wright, Mem. Nat?. Acad. S(*i., 7, 1895, 
449; Bacterium fluorescens mulabilis 
Cheater, .\nn. Rept. Del. Col. .\gr. p]xp. 
Sta., P, 1897, 120.) From Schuylkill 
River water. 

Raeillus fluorescens nivalis Eiaenberg 
ayn. Bacteriurn fluorescens nivalis Chea 
ter, Ann. Ilept. Del. Col. Agr. Exp. Sta., 
P. 1897, 120. 

Bacillus hayducki Henneberg hyn. 
Plocamobacterium hayducki Pribram, 
Klasaifikation der Schizomyeoten, I.eip- 
zig und Wien, 1933. 77. 

Bacillus influenzoidcs apis White. 
(Jour. Path, and Bact., 24 , 1921. 71.) 
From intestine of l)ee. Monotrichous. 

Bacillus mesentericuB aureus Winkler 
ayn. Bacillus winkleri Cheater, Man. 
Determ. Bart., 1901, 256. 

Bacillus pabuli acidi II Weiss syn 
Plocamobacterium pabuli Pribram, Klas- 
sihkation der Schizomyceten, I^eipzig 
und Wien, 1933, 78. 

Bacillus vaginae Kruse ayn. Bacterium 
vaginae Chester, Ann. Kept, Del. Col, 
Agr. Exp. Sta., P, 1897, 67. 

Bacillus virididuteuB Treviaan. 
(Grllngelbor Bacillus, Eiaenberg, Bakt. 
Diag., 1 Aufl., 1886, 10; Treviaan, I 
generi e le specie delie Batteriacce, 1889, 
19.) From water. This probably was 
the same as Bacillus fluorescens Treviaan, 
ibid., 19 and Pseudomonas fluorescens 
Migula. 


Bacillus worlmannii Henneberg syn. 
Plocamobacterium wortmanni Pribram, 
Klassihkation der Schizomyceten, Leip¬ 
zig und Wien, 1933, 79. 

Bacterium granuhsum Lehmann and 
Neumann syn. plocamobacterium granu- 
losum Pribram, Klasaifikation der 
Schizomyceten. J^eipzig und Wien, 1933, 
77. 

Bacterium lipulyticum Hues ayn. Kur~ 
thia lipolyticum Pribram, Klasaifikation 
der Schizomyceten, Leipzig und Wien, 
1933, 75. 

Bacterium orleanense Henneberg syn. 
rirtna orleanensis Pribram, Klassifika- 
tion der Schizomyceten, Leipzig und 
Wien, 1933, 75. 

Bacterium xylinoides Henneberg ayn. 
Vlvina xylinoides Pribram, Klasaifika¬ 
tion dor Schizomyceten, Ijeipzig und 
Wien, 1933, 76. 

Bt ucella byzantinea (Montsouris) Prib¬ 
ram. iCoccobactcrium byzantineum 
Montsouris, quoted from Pribram, Klas- 
sifikation der Schizomyceten, Leipzig 
und Wien, 1933, 67; Pribram, idem.) 

Brucella cocciformis (Jaiser) Pribram, 
{Bacterium cocciforme Jaiser, quoted 
from Pribram, Klassifikation der Schizo¬ 
myceten, 1933, 67; Coccobacterium ther- 
mophilum Xegre, Compt. rend. Soc. 
Biol., Paris. 75, 1913, 814 and 867; Prib- 
ram, idem.) From sputum. 

Chlorobacterium lactis Guillebeau. 
(Landw. Jahrb. d. Schweiz., 1890, 32.) 
From the udder of cows with mastitis. 
Produces a green pigment. Presumably 
identical with Pseudomonas aeruginosa 
Migula. The type species of the genus 
Chlorobacterium Guillebeau. 

Chromobacterium chocolatum Knutsen. 
(Quoted from Lasseur, Dupiiix-Lasseur 
and Melcion, Travaux du Lab. de Micro¬ 
biol., Fac. Pharm. dc Nancy, Fasc. XIII, 
1942-43-44, 1944, 164, 187, 293, and 313.) 
Isolated by M. H. Knutsen, State ColL, 
Pennsylvania. Source not known. 
Dull violet with brown tinge. Ditto- 
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citttes into a violet and an orange strain 
(ChramobaeUrium oranffium Knutsen, 
loc, citf 294). 

Chrcmobaeterium' iodinum Davis. 
(Davis, Cent. f. Bakt., II Abt., 100^ 1939, 
273; also sec Clemo and Mcllwain, Jour. 
Chem. Soc., Ft. 1,1938, 479; Pseudomonas 
iodinum Tobie and Pseudomonas demo 
Tobie, Bull. Assoc, des Dipldm^s de Mi¬ 
crobiol., Fac. Pharm. Nancy, No. 18, 
1939, 16.) From plate inoculated with 
milk. This non-motile organism does 
not have the characters of Chromohac- 
ierium sensu stricto so that this species 
is retained with Bacterium for the 
present. 

Coccus cumulus minor Black. (Trans. 
Ill. State Dental Soc., 2$, 1886, 192.) 
From the mouth. 

Corynehacierium hemolytic um Mac- 
Lean, Liebow and Rosenberg. (Jour. 
Inf. Dis., 79, 1946,69.) From infections 
among American soldiers and natives 
in the South and West Pacific. Similar 
in many ways to Corynehacierium pyo¬ 
genes and C. oris. 

Corynehacierium piriforme Honing. 
(Cent. f. Bakt., II Abt., 57, 1913, 383.) 
From tobacco plants in Sumatra. 

Diploeoccus aquatilis Vaughan. 
(Amer. Jour. Med. Sci., lOi, 1892, 184.) 
From water. 

Diploeoccus glycinophilua Cardon and 
Barker. (Jour. Bact., SB, 1946, 629.) 
From marine mud. 

Diploeoccus luteus Adametz and Wich- 
mann. (Adametz and Wichraann, Die 
Baktcrien der Trink- und Nutzwusser, 
Mitt. Oest. Versuclisstat. f. Brauerei u. 
Malzerei, Heft 1, 1888, 49; Planococcus 
luieus Migula, Syst. Bakt., B, 1900, 274.) 
From vrater. 

Escherichia Castellani and Chalmers 
syn. CoUhacter Pestana and Andrade, 
Ann. Paulistas de Med. e Cir., 59, 1940, 
462. 

Escherichia coli Castellani and Chal¬ 
mers syn. CoUhacter commune Pestana 
and Andrade, foe. cii. 

FtasobaderiuM harrisanii Bergey et al. 


syn. Bacillus harrisonii Buchanan and 
Hammer, Iowa Sta. Coll. Agr. Kxp. 
Sta., Res. Bull. 22, 1915, 257. 

Flavohacterium tahidum Kiniata. 
(Cent. f. Bakt., II Abt., lOS, 1942, 120.) 
From spoiled semi-dried fish (Trachurvs 
japonicus ). Polar flagellate. 

Fusiformis grandis Grass^. (Compt. 
rend. Soc. Biol., Paris, 94, 1926, 1014; 
Arch. Zool. Fxpdr.‘et G^n., 65, 1926, 
463.) From the surface of the body of a 
flagellate (Polyjnasiix mdolonihac), in 
the intestine of larvae of beetles and 
tipulids, possibly also free in the in¬ 
testine of the insects. 

Fusiformis legeri Grassd. (Compt. 
rend. Soc. Biol., Paris, 94, 1926, 1014; 
Arch. Zool. Exp^r. et Gdn., 66, 1926, 
467.) From the surface of the body of a 
flagellate {Polymaatix legeri) and in the 
intestine of diplopods. 

Fusiformis lophomonadis Grasst''. 
(Compt. rend. Soc. Biol., Paris, 94, 
1926, 1015; Arch. Zool. Kxp^r. ct G^n., 
65, 1926, 468.) From the surface of the 
body of a flagellate (Lophomonas striata) 
and in the intestine of cockroaches. 

Fusiformis mdolonihac Grass^. 
(Compt. rend. Soc. Biol., Paris, 94, 
1926, 1014; Arch. Zool. E.xpt?r. et G^n., 
65, 1926, 465.) From the surface of the 
body of a flagellate (Polymastix mclo- 
lonthae) and in the intestine of larvae of 
beetles and tipulids. 

Gluconoacetobactcr cerinus Takahashi 
and Asai. (Ont. f. Bakt., II Abt., 98, 
1936, 252.) From fruits. 

Gluconoacetobader liquefacicns Taka¬ 
hashi and Asai, loc. cit. From fruits. 

Gluconoacetohacter roseus Takahashi 
and Asai. (Bacterium industrium var. 
hoshigaki Takahashi and Asai, Cent. f. 
Bakt., II Abt., 8B, 1930, 400; Bacterium 
hoshigaki var. glucuronicum I Takahashi 
and Asai, ihid., 87, 1933, 385; Takahasln 
and Asai) ihid., 95, 1936, 252.) From 
dried persimmons (hoshigaki). 

Glucondbacier liquefacicns Asiii. 
(Jour. Agr. Chem. Soc. Japan, W, 1934, 
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621 and 11, 1035, 50; 6ce Cent. f. Bakt., 
II Abt., 93, 1936, 248.) From fruits. 

JodococcuB fnagnua Miller. (Deutsche 
mod. Wchnschr., 14, 1888, 612.) From 
the mouth. The type species of the 
;;cnu8 Jodococcua (syn. lodocoecua) 
Miller. 

Jodococcua parvua Miller (ibid., 612). 
From the mouth. 

LactohacillvA hulgaricua Holland ayii. 
Bacterium bulgaricum Buchanan and 
Hammer, Iowa Sta. Agr. Exp. Sta., 
Res. Bull. 22, 1915, 250. 

Lactobacillus buchneri Bcrgey ct al. 
syn. Ulvina buchneri Pribram, Klassiti- 
kation der Schizomycetcn, Ijcipzig und 
Wien, 1033, 75. 

Lactobacillus delbrucckii Beijerinck 
svn. Ulvina dclbniecki Pribram, loc. cit., 
75; Plocamobacterium delbruecki Prib¬ 
ram, ibid., 77. 

Lactobacillus hclveiicus Holland syn. 
Plocamobacterium casei Pribram, loc. 
cit., 77; Plocamobacterium helveticum 
Pribram, ibid., 78. 

Lactobacillus pastorianua Bergcy et al. 
svn. Plocamobacterium pastorianum Prib- 
lain, loc. cit., 78. 

Lnctobacillus pentuaceticua Fred, Pe¬ 
te .and Davenport syn. Plocamo- 
hactcrium pt ntoaccticum Pribram, loc. 
cit., 78. 

Lactobacillus plantarum Holland syn. 
I’tvina cucumeria fermentati Pribram, 
lor. cit., 75. 

Lactobacillus laette Olsen-Sopp. (Cent. 

I Hakt., II Abt., 35, 1912, H.) From 
lopy milk. 

Lcptotrichia Trevisan ])artial syn. 
Ijcucolhriz Oersted, Dc regionibus 
m.arinis, 1814, 44. 

Listeria monocytogenes Pirio syn. Bru- 
tcfla monocytogenes Pribram, Klassifika- 
liim dor Sohizomyceten, Leipzig und 
Wien, 1033, 68. 

^fa^nmococcH8 gorini, (Quoted from 
L. Gorini, Knzymologia, 10, 1942, 102.) 
From the uddor. 

.1 /1 crorocc ua afermentana Castellani. 
(Proo, SiHJ. Exp. Biol, and Med., 3S, 1928, 
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536; also see Jour. Trop. Med. and Hyg., 
33, 1932, 372.) From an ulcerative 
losion of the skin. 

Micrococcus albua vur. maltigenea Du- 
mais and Albert. (Quebec Laitier, 6 
(2), 1946, 19.) From Richelieu cheese. 
Regarded as An important ripening 
agent. 

Micrococcus aquatilia Vaughan. 
(Vaughan, Amer. Jour. Med. Sci., 104 , 
1892, 190; not Aftcrococcus aquatilia 
Chester, Man. Determ. Bact., 1901, 88; 
not Micrococcus aquatilia Bolton, Ztschr. 
f. Ilyg., 1, 1886, 94.) From water. 

Micrococcus aquatilia albiaaimua von 
Bigler. (Hyg. Rund., 12, 1902, 482.) 
From bottled mineral waters. 

.l/icrococc«« aquatilia albua Vaughan. 
(Vaughan, Amer. Jour. Med. Sci., IO 4 , 
1892,182; not Micrococcus aquatilia albua 
ToporofT, Cent. f. Bakt., 13, 1893, 487.) 
From water. 

M icrococcus aquatilia magnua Vaughan. 
(Amer. Jour. Mod. Sci., IO 4 , 1892, 182.) 
From water. 

Micrococcus aquivivua ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. (’alif., 5, 1944, 275.) 
From sea water. 

Micrococcus cyaneus (Schroeter) Cohn 
syn. Bacterium cyaneus White, U. S. 
D.A.. Bur. Entomol. Tech. Ser. Bull. 
14. 1906, 16. 

Micrococcus enteroideua Castellani. 
(Proc. See Exp. Biol, and Med., 25, 
1928, 536; also see Jour. Trop. Med. and 
Hyg., 35, 1932, 372.) From feces. 

Micrococcus euryhalia ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 255.) 
From sen water. 

J/tcrococcM« griaeua Winter syn. Ba¬ 
cillus griaeua Trevisan, I generi e Ic 
specie delle Batteriacce, 1889, 18. 

Micrococcus himonoi Kiniata. (Cent, 
f. Bakt., II .\bt., 105, 1942, 116.) From 
spoiled semi-dried hshes (Scomber ja- 
ponicua and Trachurua japonicua). 
sembles Micrococcus caaeolyticua and 
M. mueofaciena. 



MAXVAL or DrTKIUilNATlVE BACTBRIOLOOY 


Mierocoecu9 infitnua EoBell and Up- 
ham. (Bull. Scripps Inst, of Ocoan- 
ography, Univ. Calif., 5^ 1944, 202.) 
Prom marine bottom deposits. 

Mierococetta hevuloainariia Castcllani. 
(Proc. Soc. Exp. Biol, and Med., f5,1928, 
536; also see Jour. Trop. Med. and Hyg., 
55, 1932, 372.) From a case of stoma¬ 
titis. 

Micrococcua maripuniceua ZoBtll and 
Uphani. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 264.) 
Sessile form found on slides submerged in 
sea water. 

Micrococcua meientcricua Castellani. 
(Quoted fn>m Jour. Trop. Med. and 
Uyg-» 1932, 372.) From case of 
ulcerative colitis. 

Micrococctta moricolor Holmes :ind 
Wilson. (Jour. Bact., 45, 1945, 311.) 
From contaminated wounds. Produces 
a mulberry pigment on potato. 

Micrococcua myceticua ('astellnni. 
(Arch. Dermat. and Syphil., 18, 1928, 
867.) From cases of {isoudomycosis. 

Micrococcua nexifer Miller. (Miller, 
I3ie Mikroorganismen der Mundhohle, 
Leipzig, 1889, 65.) From the mouth. 
Probably Streptococcus brevis according 
to Goadby (Mycology of the Mouth, 
London, 1903, 60). 

Micrococcua putatus Ha vend. (Mem. 
Nat. Acad. Sei., 5,1896, 21.) From soil. 

Micrococcua putneus (Castellani. 
(Quoted from Jour. Trop. .Med. and 
Hyg., 55, 1932, 372.) From a caw* of 
glossitis. 

Micrococcua rhodochrom Migula syn. 
Bacillua rhodochrous Hyar, Ann. X. V. 
.\cad. Sci., 5,1895,362; Bacterium rhodo- 
ehroua Chester, Ann. Kept. Del. Col. 
Agr. Kxp. Sta., 9, 1897, 116.) Dyar had 
the original .1/icrococcMS rhodochrous 
culture from Krhl and felt as have others 
who have c.vamincd this culture that it 
18 not a true Micrococcua. 

Microcoec ua aedentariua Zo Bel I and Up- 
hani. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 260.) 


Sessile form found on slides submerged 
in sea water. 

Micrococcua aedimenteua ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 265.) 
Sessile form found on slides submerged 
in sea water and in marine mud. 

Micrococcua viaicidua Castellani. 
(Proc. Soc. Exp. Biol, and Med., 55, 
1928, 536; also see Jour. Trop. Med. and 
Hyg., 55, 1932, 372.) From an in¬ 
flamed upper lip. 

Micros pira vacillana Gicklhorn. 
(Cent. f. Bakt., II Abt., 50, 1920, 422.) 
From the pool in the Botanical Garden, 
Univ. Graz, Austria. Contains grains 
of sulfur. 

Neisseria babesi Trevisan. (Bacteria 
de Phdmoglobinurie du hoeuf, Babes, 
1888; Trevisan, I generi e lo specie dellc 
Batteriacee, 1889, 32.) 

Neisseria lutvn (.\dametz) Trevisan. 
{Diplovocrus luteus .Vdametz, 1887; Trev¬ 
isan. I generi e le specie delle Batteriacee, 
1889, 32.) 

Neisseria michcli Trevisan. (Tra- 
chomcoccus, Michel, 1886; Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
32.) 

Neisseria phanjngis syn. Micrococcus 
phanjnyis Cruikshank and Cruikshank, 
Med. Kes. Council Syst. of Bad., 5, 
1931, 349. 

Pacinia decipiens Trevisan. (Spirit- 
turn aus der Luft, Babes. Ztsehr. f. Hyg., 
5,1888, 18J1; Trevisan, 1 generi c le specie 
delle Batteriacee, 1889, 24.) From the 
air. 

Pacinia rabida Trevisan. (Spirillum 
l)ei Rabies, Bal>eM. Ztsehr. f. Hyg., 5, 
1888, 181; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 23.) 

Pectobacterium delphinii Waldee. 
(Ark, Phytopath., 55, 1938, 281; Waldee, 
Iowa State Coll. Jour. Sci., 19, 1945,471.) 
(Causes larkspur bacterial blight. 

Phytomonns asplvnii Ark and Tomp* 
kin.s. (Phytopath., 55, 1946, 760.) 
Causes leaf blight of bird’s nest fern. 

Phytomonna maculiJrlium^gardaniM 
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Ark. (Phytopath., 88, 1946, 867.) From 
gardenia {Gardenia jaeminoidee). A 
xanthomonad. 

Phytomonae ayringae populana Smith. 
(Jour. Agr. lies., 68, 1944, 269.) Con¬ 
sidered the cause of blister spot, a disease 
of apple. 

Phytomonaa wnahingiomae Pine. 
(Phytopath., S8, 1943, 1203) From 
the Washington palm. Waahingtonia 
filtfera. A pseudomonad. 

Pneumococcua flaveacena Arloing. 
(Compt. rend. Acad. Sci., 109, 1889. 
428 and 450.) From lesions of cattle 
having peripneumonia. 

Pneumococcua guita caret Arloing, /oc. 
cit. From lesions of cattle having 
peripneumonia. 

Pneumococcua lichnoidca Arloing, loc. 
cit. From lesions of cattle having 
peripneumonia. 

Pa^udomonaa aealumarina ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 269.) A 
marine sedentary organism. 

Paeudomonaa allii (Griffiths) Migula 
syn. Bacilim allii Sternberg, Man. ot 
Bact., 1893, 629. 

Paeudomonaa amhigua (Wright) Ches¬ 
ter syn. Bacterium amhiguua Chester, 
Ann. Ilept. Del. Col. Agr. Exp. Sta., 9, 
1897, 71. 

Paeudomonaa allantica llumm. (Duke 
Univ. Marine Lab., North Carolina, 
Bull. 3,1946,58.) From seaweed {Grad- 
laria blodgeltii ) and beach sand. Digests 
agar. 

Paeudomonaa aurea Migula syn. Bac¬ 
terium fluoreacena aureua Chester, Ann. 
Ilept. Dei. Col. Agr. Exp. Sta., 9, 1897, 
109. 

Paeudomonaa azotogetia ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ, CaliL, 6, 1944, 260.) 
From sea water and marine mud. 

Paeudomonaa beaufortenaia Humm {loc. 
dt., 58). From seawater, bottom mud 
and on algae. Digests agar. 

Paeudomonaa berolinanaia Migula. 

(Indigoblauer Bacillus, Claessen, Cent. 


f, Bakt., 7,1890,13; BaeiUua herolinenaia 
indicua Germano, Ont. f. Bakt., 18, 
1892, 517; Bacillua indigoferua Zimmer- 
mann, Bakt. unserer Trink- u. Nuts- 
wasser, Chemnitz, 8, 1894, 16, not indi¬ 
cated as being the same as Bacillua indi¬ 
goferua Voges, Cent. f. Bakt., H, 1893, 
307; Bacillua indigonaceua Schneider, 
Arb. bakt. Inst. Karlsruhe, /, Heft 2, 
1894, 228; Migula, in Engler and Prantl, 
Die nattirl. Pflanzenfam., /> la, 1895, 
29; Bacterium indigonaceum Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 8, 
1896, 267; Bacterium herolinenaia indicua 
Chester, Ann.*Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 118.) From Spree River 
water. 

Paeudomonaa bulyri Migula S 3 m. Bac¬ 
terium butyri fluoreacena Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
120 . 

Paeudomonaa centrifugana (Wri^t) 
Chester. {Bacillua centrifugana Wright, 
Mem. Nat. .\cad. Sci., 7, 1895, 462; Bac¬ 
terium centrifugana Chester, Ann. Rept. 
Del. Col. Agr. E.xp. Sta., 9, 1897, 95; 
Chester, Man. Determ. Bact., 1901,312.) 
From water. 

Paeudomonaa coadunata Chester syn. 
Bacterium coadunatua Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
90. 

Paeudomonaa coenobioa ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 272.) 
From film of marine fouling organisms. 

Paeudomonaa cohaerea (Wright) Ches¬ 
ter, not Bacillua cohaerena Gottheil, 
Cent. f. Bakt., II Abt., 7, 1901, 458; 
Bacterium cohaereua (sic) Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
93. 

Paeudomonaa coli communia Conn, 
Esten and Stocking. (Storrs Agri. Exp. 
Sta., Conn., 18th Ann. Rept. for 19()6, 
186.) From cheddar cheese. Like 
Bacillua coli communia except that it has 
a single, long flagellum. 

Paeudomonaa eonvexa Chester syn. 
Bacterium fluoreecene convexue Chester, 
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Ann. Kept. Del. CoK Agr. Exp. Sta.» 9, 
1897, 123. 

P9€udomona9 cardllina Hunim (loc, 
cit,, 59). From marine algae of all 
common species at Beaufort, Nor. Car. 
Digests agar. 

Pieudomonas delabens (Wright) Che8< 
ter syn. Bacterium delabens Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1S97,97. 

Pseudomonas eisenbergii Migula syn. 
Bacterium fluorescens nondiquefaciens 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 124. 

Pseudomonas elongata Hunini (loc. ciL, 
60). From intertidal sand, Atlantic 
Beach, Nor. Car. Digests agar. 

Pseudomonas enalia ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean- 
ography, Univ. Calif., 5, 1944, 254.) 
From sea water and marine mud. 

Psendotnonas fairmountensis (Wright) 
Chester s^m. Bacterium fairmountensis 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 90. 

Pseudomonas felthami ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 267.) 
From marine mud. 

Pseudomonas fimbriala (Wright) 
Chester syn. Bacterium fmbriaius 
Chester, Ann. Kept. Del. Col. .A^r E\p. 
Sta., 9, 1897, 95. 

Pseudomonas floridana llum:u {loc. 
cil.y 60). From algae and beach sand 
at Miami, Fla., and Beaufort, Nor. Car. 
Digests agar. 

Pseudomonas fluorescens Migula syn. 
Bacterium fluorescens liquefaciens Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897,120. 

Pseudomonas foliacea Chester syn. 
Bacterium fluorescens foliaceus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1807, 122. 

Pseudomonas genieulatvs fWright) 
Chester. Bacillus genieulatvs Wright; 
not Bacillus geniculatus DeBary, Inaug. 
Dtss., Strassburg, Leipzig, 18^; not 
Baeitlue genieulatus Trevisan, 1 generi e 


le specie delle Batteriacce, 1889,16; syn. 
Bacterium geniculatus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., P, 1897, 
95. 

Pseudomonas humicola Berstcyn. 
(Arb. bakt. Inst. Karlsruhe, 5,1003, 97.) 
From soil. 

Pseudomonas hypothermis ZoBell and 
Upham. (Bull. Tripps Inst, of Ocean¬ 
ography, Univ. Ci|liL, 5, 1944, 276.) 
From marine bottom deposits. 

Pseudomonas incognita C'bestor syn. 
Bacterium fluorescens incognitus Chester, 
Ann. Kept. DeL Col. Agr. E.xp. Sta., P, 
1897, 122. 

Pseudomonas tndoloxidans . Gray. 
(Proc. Boy. Soc. London, B, 109, 1928, 
263.) From soil from Italian Tyrol. 

Pseudomonas indigoferus (V^oges) Mi¬ 
gula. {Bacillus indigoferus Voges, Cent. 
f. Bakt., H, 1893, 307; Bacterium indigo 
ferns Chester, Ann. Kept. I>1. Col. Agr. 
Exp. Sta., P, 1897, 118; Migula, Syst. d. 
Bakt., i, 1900, 950.) From Kiel tap 
water (Voges); from Delft ditch water, 
mud and garden soil (Elazari-Volcani, 
Arch. f. MikrobioL, 10, 1939,357). Some 
authors regard Voges* organism as 
identical with Claessen's indigo blue 
bacillus, see Pseudomonas berolinensis. 

Pseudomonas indigoferus var. immo- 
bills Elazari-Volcani. (Arch. f. Mikro- 
biol., 10, 1939, 350.) From ditcli mud. 
See Lehmann and Neumann (Bakt. 
Diag., 1 Aufl., 9, 1896,267) who also had 
a non-motile strain (Bacterium indigo- 
nacevm) from KnM which they con¬ 
sidered identical w’ith Clacssen’s indigo 
blue bacillus. 

Pseudomonas inertia Humm (loc. cit., 
61). From intertidal sand, Atlantic 
Beach, Nor. Car. Digests agar. 

Pseudomonas iris Migula syn. Bacil¬ 
lus fluorescens erassus Kruse, in FlOggc, 
Die Mikroorganismen, 3 Aufl., 9, 1896, 
294; Bacterium fluoreeeens erassus Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
P, 1897, 134; Bacterium iris Chester, 
idem, 137.) From sputum. 

Pseudomonas jaegeri Migula syn. Boc- 
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terium proteua fiuore$cem Chester, Ann. 
Ilept. Del. Col. Agr. Exp, Sta., P, 1897, 
119; and Baeillua urinae Chester, Man. 
Determ. Bact., 1901, 263. 

Paeudomonaa javanica (Eijkmann) Mi> 
gula syn. Bacterium javanienaia Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. Sta., 
P, 1897, 111. 

Paeudomonaa liquida Chester. (Ba- 
cilltia liquidva Frankland and Frutikland, 
Ztschr. f. Ilyg., 6, 1889, 382; Cheater, 
Man. Determ. Bact., 1901,311; Ac/iromo- 
bacter liquidum Bergey ct al., Manual, 
Isted., 1923,146.) From water. Orig¬ 
inally described merely as motile; Ches¬ 
ter recognizes the species as polar 
flagellate and lists Baeillua liquefaciens 
communis Sternberg and Bacillus aqua- 
iilis communis Kruse as synonyms. 

Pseudomonas longa Migula syn. Bac¬ 
terium fluorescens longus Chester, Ann. 
Kept. Del. Col. Agr. K\p. Sta., P, 1897, 
124. 

Pseudomonas macroselmis Migula syn. 
Bacillus fluorescens putidus Chester. 
Ann. Rept. Del. Col. Agr. E.\p. Sta., P, 
1897, 124. 

Pseudomonas marinopcrsica ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, IJniv. Calif., P, 1944, 276.) 
From marine bottom <leposits. 

Pseudomonas mclochlora (Winkler ami 
Schmiter) Migula syn. Bacterium melo- 
chlorus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., P, 1897, 120; see abst. in 
Cent. f. Bakt., P, 1891, 700. 

Pseudomonas membranula ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 270.) 
Sessile form found on slide submerged 
in sea. 

Pseudomonas minutissima Migula syn. * 
Bacterium fluorescens minutissimus Ches¬ 
ter, Ann. Rept. Del. Col. .\gr. lOxp. Sta., 
P, 1897, 120. 

Pseudomonas monadiformia (Kruse) 
Chester syn. Bacterium monadiformia 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., P, 1897, 69; Bacterium coli mohilia 
Chester, ibid., 69. 


Pseudomonas multiatriata (Wright) 
Chester syn. Bacterium muUiairUUuM 
Chester, Aim. Rept. Del. Col. Agr. Exp. 
Sta., P, 1897, 90. 

Paeudomonaa nebuloaa (Wright) Ches¬ 
ter syn. Bacterium nebuloaua Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., P, 
1897,93. 

Paeudomonaa neritica ZoBell and Up¬ 
ham. (Buli. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 265.) 
From sea water and marine mud. 

Pseudomonas nexihilis (Wright) Ches¬ 
ter syn. Bacterium nexibilia Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., P, 
1897, 74. 

Pseudomonas obscura ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 274.) 
From marine bottom deposits. 

Pseudomonas oceanica ZoBell and Up^ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 266.) 
From marine mud. 

Pseudomonas ochracea (Zimmermann) 
Chester syn. Bacterium ochraceus Ches¬ 
ter, Ann. Rept. Del. Col, Agr. Exp. Sta., 
P, 1897, 104. 

Pseudomonas oralis Chester syn. Bac¬ 
terium fluorescens ovalis Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., P, 1897, 
123. 

Pseudomonas puilescens Migula syn. 
Bacterium viridis pallescens Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., P, 
1897, 124. 

Pseudomonas perfectomarinus ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5,1944,277.) 
From sea water and marine mud. 

Pseudomonas periphyta ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 276.) 
Sessile form found in film of marine 
fouling organisms. 

Pseudomonas phosphorescens (Fisher) 
Bergey et al. syn. Pasteurella phos¬ 
phorescens Trevisan, I generi e le specie 
delle Battoriacce, 1889, 21; BaciUvs phos¬ 
phorescens indicus Eiscnl^org, Bakt, 
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Diag., 3 Aufl., 1891, 123; Vibrio indicvs 
Lehmann and Neumann, Hakt. Diag., 
1 Aufl., £, 1896, 341; Baeterium phos- 
phorencem indicus Chester, Ann. Rept. 
Del, Col. Agr. Exp. Sta.. 9, 1897, 120; 
Photobacter indicum Beijerinck, Proc. 
Sect. Sci., Kon. Akad. v. Wctensch., 
Amsterdam, 3, 1900, 352; Microspira 
phosphorescens Chester, Man. Determ. 
Bact., 1901, 333; Bacillus indicus Bei¬ 
jerinck, Folia Mikrohiologica, D(‘lft. I, 
1912, 1. Beijerinck {loc. n/.. 1900) dis¬ 
cusses two variants of this species. 
Photobacter indicum var. ohscurum and 
Photobacter indicum var. parrww. 
Ijnter, Bi'ijerinck {loc. cit., 1912),in dis¬ 
cussing mutants of this species, proposes 
the species names Bacillus indicus par¬ 
vus, Bacillus indicus semiobscurus and 
Bacillus indicus obscurus. 

Pseudomonas piscora llanzawu and 
Takeda. (Jozognku /asshi, Osaka. Ja¬ 
pan (Jour, of Zymology). 3, 1931, 571; 
quoted from Takeda, ( ont. f. Bakt., II 
Abt., 94t 1936, 46.) From <iisea.sed sal¬ 
mon eggs. 

Pseudomonas pleomorpha Zolkdl and 
Upham. (Bull. Scripp.s Inst, of Ocean¬ 
ography, Univ.^ Calif., 5, 1944, 275.) 
From marine bottom deposits. 

Pseudomonas pullulans (Wriglit) 
Chester syn. Bacterium pullulans Ches- 
ter, Ann. Kept. Del. Col. .\gr. Kxp. 
Sta., 9, 1897, 105. 

Pseudomonas puris Patrick and Werk- 
man. (Proc. Iowa .\cad. Sci., 57, 1930, 
57.) From a typhoid-like infection of 
snakes. 

Pseudomonas ribicola Bohn. (Jour. 
Agr. Res., 75, 1946, 288.) From the na¬ 
tive currant, Ribes aureum. 

Pseudomonas riboflavinus Foster. 
(Jour. Bact., 47, 1944, 30.) 0.xidize8 
riboflavin to lumichromc From ribo¬ 
flavin-rich soil. 

Pseudomonas roseola llumm Hoc. cil., 
62). From intertidal sand, Atlantic 
Beach, Nor. Car. Digests agar. 

Pseudomonas rugosa (Wriglit) Chester 
syn. Bactsrium rugosus Chester. .\nn. 


Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 

122 . 

Pseudomonas schuylkilliensis Chester 
syn. Bacterium fluorescens schuylkil- 
liensis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 119. 

Pseudomonas scissa (Fraukland and 
Franklaud) Migula syn. Bacterium sets- 
SUB Chester, .Viin. Kept. Del. (^ol. Agr. 
Kxp. Sta., 9, 1897, 143. 

Pseudomonas scssilis ZoBell and Fp- 
hain. (Bull. Scrip^is Inst, of Ocean¬ 
ography, Univ. ('alif., 5, 1944 , 259.) 
Sessile form found on solid surfaces sub¬ 
merged in the sea. 

Pseudomonas sinuosa (Wright} C'hester 
syn. Bacterium siuuosus Chester, Ann. 
Kept. Del. Col. .Vgr. Kxp. Sta., 9, 1897, 
69. 

Pseudomonas smaragdina .Migula syn. 
Bacterium stnaragdino foetidus (^heater, 
.\nn. Rept. Del. Col. .\gr. Kxp. Sta., 5, 
1S97, 119; and Bacillus smaragdinvs 
Chester, Man. Ik*term. Bact.. 1901,263. 

Pseudomonas sterotropis ZoBell and 
Cpham. (Bull. Scripps Inst, of Oeean- 
(»graphy, Cniv. Calif., 5, 1944 , 272.) 
From a film of marine fouling organisms. 

Pseudomonas striata ('hester syn. 
Bacterium striaius viridis (^hester, Ann. 
Kept. Del. Col. .Vgr. Kxp. Sta., 9, 1897, 
123. 

Pseudomonas syncyanea Migula syn. 
Bacterium syncyanus (sic) Hchroeter, 
Beitr. z. Biol. d. Pflanz., /, Heft 2,1872, 
126 and Bacterium cyanogenum Zopf, Die 
Spaltpilze, 2 Aufl., 1884, 50; may lie in 
1 xVufl. 

Pseudomonas aynxanlha (Khrenlierg) 
Holland. (Vtbrio synzanthus Ehreii- 
lierg, Vcrhandl. d. Berl. Akad., 1840,202; 
Vibrio xanthogencs Fuchs, Magu^in f. d. 
gcs. Tierheilk., I, 1841, 193; Bacterium 
xanihinum Schroeter, in Cohn, Beitriige 
z. Biol. d. Pflanzen, /, Heft 2, 1872, 120; 
Bacillus synxanthus FlOggc, Die Mikro- 
orgnnismen, 2 Aufl., 1886, 2^; Flavobae- 
terium synxanihnm Bergey et al.. Man¬ 
ual, Ist ed., 1923, 102; Holland, Jour. 
Bact., 5, 1920, 220.) Bergey et al. 
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(Manual, Ist ed., 1923, 102) give Bae- 
ierium xanthogenea as a synonym. From 
milk and cream. Polar Ragellato (Ham¬ 
mer, personal communication). See 
Hammer, Res. Bui. 20, Iowa Agr. Kxp, 
St a., 1915, for a description of this orga¬ 
nism. 

Paeudomonaa tenuia Migula syn. Bac¬ 
terium fluoreacena tenuia C'hestor, .\iiii. 
Kept. Del. Col. .\gr. K\p. Sta., 9, 1897, 
124. 

Paeudomonaa turcoaa Migula syn. 
Tilrkisfarbener Bacillua, TatarolT. Inaug. 
Diss., Dorpat, 1891,52. 

Paeudomonaa vadoaa ZoBcIl and I'p 
ham. (Bull. Scrippa Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1914, 263.) 
From 8(‘a water and marine bottom 
deposits. 

Paeudomonaa rendreUi Tobie. {Pscu- 
domonaa vendralli («/c), mentiimed by 
Farrell and Wolff, Jour. Iiul. and Pmg. 
Chem., 53, 1941, 11S6; V. S. Patent 
2,227,716, Mar. 1942, issued to Lockwood 
et al.; Bartllua vcndrclli Lasseur, Du- 
pai.x-I.a.sseur and Melcion, Travuiix Lab. 
Microbiol. Fac Pharm. \ancy. Fane. 
13, 1942-13-4 4, 1944, >93.) Isolated by 
W. (’. Toliie ill 1938 from well ne.ar 
Ponce, Puort<i Rico owned by Mr. Veii- 
drcll rPobie, Jour. Bact., 3’, 1946, 685). 
Presumably Paeudomonaa aeruginosa, 

Paeudomonaa vtreacena (Frick) Migula 
syn. Bacterium vireacena ('hester, .‘\nn. 
Kept. Del. Col. .\gr. K\p. Sta., 9, 1897, 
124. 

Paeudomonaa riacoaa (Franklaiid and 
Frankland) Migula syn. Bacterium via- 
coaua Chester, .\nn. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1S97, 145; not Bac¬ 
terium viacoaum Weldin and I/Ovine, 
Abst, Bact., 7, 1923, 16. 

Paeudomonaa xanlhochrua Zoliell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 3, 1944 , 279.) 
From marine bottom deposits. 

Ramibacterium alaciolyticum Pr^vot 
and TaffaneL (Ann. Inst. Past., 68, 
1942, 259.) From an osteophlegmon of 
the maxillary hone. 


Salmonella atherton Ferris, Hertsberg 
and Atkinson. (Med. Jour. Australia, 
8£, 1945, 368.) From 29 cases of gastro* 
enteritis in an army hospital. 

Salmonella typhoaa (ZopO White syn. 
Bacillua lyphicua Cabral and Da Rocha, 
1. Trabalhos do Cabinette de Micro- 
biologia; abst. in Ann. de Micrographie, 
1889-1899, 295. 

Sarcina pelagia ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. (’alif., 3, 1944, 279.) From sea 
water and marine bottom deposits. 

Snratia fuchaina Bcrgey et al. syn. 
ProUns fuchainua Pribram, Klassiffka- 
tion dcT Sehizomyceten, I>cipzig und 
Wien. 19.33, 73. 

Serratin indica (Eisenberg^ Bcrgey et 
al. syn Bacillus indicua ruber FlUgge, 
Die Mikroorgaiiismen. 2 Aufl., 1886, 
28,5; Bacterium indicum Crookshank, 
.Manual, 1887. 240. 

Spit ilium porvum Esmarch. (Cent, 
f Haki . I Abt , Grig., 3-if. 1902, 565; 
also Zottnow. ibid., 78, 1916, 1.) 
From dec aying organic matter. 

Spn ill urn spuligtnum Flugge. (Ijewis, 
LancerSept. 20, 1884; Flugge, Die Mi- 
kroorganismen, 2 Aufl., 1886, 387; Pa¬ 
ri nia h wisi Trevisan, ! generi e le specie 
delle Halteriacee, 1889 , 24.) From 

sputum. 

Staph ylococcua actirua Pr^vot and 
TaffaneL (.\im. Inst. Past., 7/. 1945, 
102.) From puer{>eral septicemia. An¬ 
aerobic. 

Staphylococcus citreus duodenalia Gess- 
ner. (.\rch. f. Hyg., P, 1889, 136.i 
From the human duodenum. 

Staphylococcus magnua Black. (Trans. 
Ill, State Dental Soc., 22, 1886, 188.) 
From the mouth. 

Staphylococcus mediua Black. (Trans. 
III. State Dental Soc., 22, 1886, 190.) 
From the mouth. 

Staphylococcus pyogenes bovis Lucet. 
(Ann. Inst. Past., 7, 1893, 327.) From 
bovine abscesses. 

Staph ylococcua riacoaus Goadby, 



702 


MANUAL OF DGTERMIKATIVB BACTERIOLOGY 


(Mycology of the mouth, London, 1903, 
172.) From the mouth. 

Strepiobaeterium dextranicum Perquin. 
(Jour. Microbiol, and Serol., d, 1940, 
226.) Produces slime from sucrose solu¬ 
tions. 

StreptococcuB aquatiliB Vaughan. 
(Amer. Jour. Med. Sci., 104 , 1892, 184.) 
From water. 

SlreptococcuB liquefaeiens Frankland 
and Frankland. (Phil. Trans. Roy. 
Soc. London, 178, B, 1888, 264.) From 
air. After the section covering Strep- 
tococcua liquefaciena Sternberg emend. 
Orla-Jensen was in page proof, it was 
discovered that Frankland and Frank¬ 
land had discovered and named a 
liquefying streptococcus earlier than 
Sternberg. The Franklands described 
this species as producing a yellow 
pigment. 

Strepiococcus pyogenes duodenalis 
Gessner. (Arch. f. Hyg., 9, 1889, 132.) 
From the human duodenum. 

Streptococcus taette (Olsen-Sopp) Bu¬ 
chanan and Hammer. (Bacterium lactis 
longi Troili-Petersson, Ztschr. f. Hyg., 
$9, 1899, 361 and Milchzeitung, 28, 1899, 
438; Streptobacillus taette Olsen-Sopp, 
Cent. f. Bakt., II Abt., 35, 1912, 9; 
Buchanan and Hammer, Iowa Sta. Coll. 
Agr. Exp. Sta., Res. Bull. 22, 1915, 277.) 
Probably the characteristic organism of 
Swedish ropy milk. Olsen-Sopp (loc. 
cit.) misquotes Troili-Petersson’s name 
as Bacillus aeidi lactis longus (see 
Troili-Petersson, Cent. f. Bakt., II Abt., 
$8, 1913, 1). 

Thiospira agilissima (Gicklhorn) Ba- 
vendamm. (Spirillum agilissimum Gickl¬ 
horn, Cent. f. Bakt., II Abt., 60, 1920, 
418; Bavendamm, Die farbloson und 
roteii Schwefelbakterien, Pfianzenfor- 
schung, Heft 2, 1924, 116.) From the 
pond in the Annen Castle Park, Graz, 
Austria. Contains grains of sulfur. 

Thiospira elongata Perfiljev. (Ber. d. 
Sapropel Komm. Petrograd, 1023, 56.) 
From mud containing HsS. 

Thiospira propera Hama. (Jour. Sci. 


Hiroshima Univ., Ser. B, Bot., 1, 1933, 
157; abst. in Cent. f. Bakt., II Abt., 91, 
1934, 200.) 

Thiospira sulfurica Issatchenko. 
(Biological observations on the sulfur 
bacteria (Russian), about 1927, 16 pp.) 

Vibrio adaptatus ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 6, 1944, 258.) From sea 
water and marine sediments. 

Vibrio agarlyticus Cataldi. (Rev. d. 
Inst. Bact. (D.N.H.), Buenos .Vires, 9, 
1940, 375.) From activated sludge. 
Digests agar. 

Vibrio albens:is Lehmann and Neu¬ 
mann syn. Vibrio dunbari Holland, 
Jour. Bact., 6, 1920, 226; probably 
Vibrio phosphorescens Jermoljewa, Cent, 
f. Bakt., I Abt., Orig., 100, 1926,170; not 
Vibrio phosphorescens Holland, loc, cit. 

Vibrio algosus ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 6, 1944, 257.) Associated 
with marine kelp. 

Vibrio amphibolus Trevisan. (Babes, 
Ztschr. f. Hyg., 6, 1888, 183; Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 23.) Anaerobe. 

Vibrio avidus Humm. (Duke Univ. 
Marine Lab., North Carolina, Bull. 3, 
1946, 54.) From intertidal sand, Beau¬ 
fort, North Carolina. Digests agar. 

Vibrio choleroidcs a and 8 Bujwid syn. 
Bacterium choleroides Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
131. 

Vibrio coslicolus Smith and Vibrio 
costicolus var. liquefaeiens Smith. (Roy. 
Soc. Queensland, Proc. for 1937, 1938, 

29 and 32.) From tainted ribs of bacon 
and tank brines in bacon factories. 
Active growth in 4 to 15 per cent brines. 

Vibrio euprima, Vibrio yasakii, Coc- 
cobacillus tolega and Coccobacillus scpiola 
Majima, Sci i Kwai- Med. Jour. 60, 1931, 
41-67; see Warren, Jour. Bact., 48, 1945, 
548.) Phosphorescent bacteria. 

Vibrio fortis Humm (loc. eit., 55). 
From seaweed (Gracilaria eonfervoides). 
Digests agar. 
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Vibrio frequena Humm (loc, cit., 56). 
From marine algae (Cladophoropaia, 
Laurcncia poilei, etc.) Digests agar. 

Vibrio halonitHficana Smith. (Roy. 
Soc. Queensland, Proc. for 1937, 49^ 1938, 
29.) From tank brines in bacon fac¬ 
tories. Active growth in 4 to 10 per 
cent brines. 

Vibrio haloplanklis ZoBell and Upham. 
(Bull. Seripps Inst, of Oceanography, 
rniv. Calif., 5, 1944, 261.) Sessile form 
found associated with marine phyto¬ 
plankton. 

Vibrio hyphalua ZoBcll and Upham. 
(Bull. Seripps Inst, of Oceanography, 
Univ. Calif., 5,1944,277.) From marine 
bottom deposits. 

Vibrio marinagilia ZoBcll and Upham. 
(Bull. Seripps Inst, of Oceanography, 
Univ. Calif., S, 1944, 204.) From sea 
water and marine mud. 

Vibrio marinoflavua ZoBell and Up- 
ham. (Bull. Seripps Inst, of Ocean¬ 
ography, Univ. C’alif., 5, 1944, 25^^ ) 
From sea water. 

Vibrio marinofolvus ZoBell and Up¬ 
ham. (Bull, Seripps Inst, of Ocean- 
c»graphy, Univ. Calif , 5, 1944, 262.) 
From sea water. 

Vibrio marinopracsena ZoBcll and Up¬ 
ham. (Bull. Seripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 256.) 
From sea water. 

Vibrio maritiovulgaria ZoBcll and Up¬ 
ham. (Bull. Seripps Inst, of Ocean¬ 
ography, Univ. (>alif., 5, 1944, 261.) 
From sea water. 

Vibrio notua llumm (/oc. cii,, 56). 
From intertidal sand, Atlantic Beach, 
North Carolina. Digests agar. 

Vibrio perimaairix .\larie. (Alarie, 
Thesis, MacDonald Coll. McGill Univ., 
1945; see Perlin and Michaelis, Sci., i05, 
1946, 673.) Will decompose cellulose 
only in presence of COj. 

Vibrio phytoplanktia ZoBell and Up¬ 
ham. (Bull. Scripiis Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 261.) 


From sea w.atcr and marine phyl(»- 
plankton. 

Vibrio pieria Paillot. (Compt. rend. 
Soc. Biol., Paris, 94, 1026, 68.) From 
caterpillars of the cabbage butterfly 
(Pieria braaaicae) which liad iKicu para¬ 
sitized by larvae of Apaniclca glonteroiva. 

Vibrio poniieva ZoBell and Upham 
(Bull. Seripps Inst, of OceanograpJiy, 
Univ. Calif., 6, 1014, 259.) From sea 
W'aler. 

Vibrio rumpcl Lode. (Cent. f. Bakt.. 
I Aht., Orig., 35, 1003, 526; sec Ballner, 
Cent. f. Bakt.. 11 Abt., 19, 1907, 572.) 
From water. Phosphorescent. 

Vibrio alanieri Humm (loc, cit., 57). 
From seaweed (Acanlhophora apicifera), 
Miami, Fla. Digests agar. 

Vibrio iurbidus Humm (loc. cit., 57). 
From seaweed (Gracilaria confervoidca). 
Digests agar. 

Vibrio viridati.s .Miller. (Quoted from 
Miller, Microorganisms of Human 
Mouth, Phila., 1890, 85; see Miller, Die 
Mikroorganismen der Mundhohle, I/cip- 
zig, 1889.) From the mouth. 

Xanthomonaa tranahicena var. phlei- 
pratenaia Wallin and Reddy. (Phyto- 
pathology, 35, 1945, 939.) The cause of 
a bacterial streak disease on timothy 
grass (Phleittn pratenae). 

Xanthomonaa vigntcola Burkholder. 
(Phytopath., 34, 1944, 431 ) From cow- 
pea, Vigna aificnsia. 

Yerainia van Loghem (Ann. Past. 
Inst., 73,1946,975), a genus proposed to 
include Paaleurella peatia and P. pseudo- 
tubercidoaia. 

Ein neucr fiir Thiere path. Mikroorg. 
aus dem Sputum cines Pneumoniekran- 
ken, Bunzel and Federn, Arch, f, Hyg., 
19, 1893; 326; Bacillna dpbiua pncuniomat 
Kruse, in Fltigge, Die Mikroorganismen, 
3 Aufl., 3, 1896, 419; Bacterium aub^ 
pneumonicum Migula, Syst. d. Bakt., 3, 
1900, 376; Bacterium dubium Chester, 
Man. Determ. Bact., 1001, 142. From 
the sputum of a pneumonia patient. 



704 


MANUAL OP DETERMINATIVE BACTERIOLOGY 


FAMILY XIII. BACILLACEAE FISCHER.* 

(Jahrb. f. wiss. Bot., 1895, 139.) 

Hod-shaped cells, capable of producing spores, either with peritrichous flagella or 
non-motile; inonotrichous flagellation has been reported but is doubtful. Endospores 
are cylindrical, ellipsoidal or spherical, and are located in the center of the cell, 
sub^terminally or terminally. Sporangia do not differ from the vegetative cells except 
when bulged by spores larger than the cell diameter. Such sporangia are spindle- 
shaped when spores are central, or wedge- or drumstick-shaped w'hen spores are 
tenninal. Usually Gram-positive. Pigment formation is raro. Aerobic, microaero- 
phllic or anaerobic. Gelatin is frequently liquefied. Sugars are generally fermented, 
sometimes with the formation of visible gas. Some species are thermophilic, i.e., 
will grow readily at 55*C. Mostly saprophytes, commonly found in soil. A few are 
animal, especially insect, parasites or pathogens. 

Key to the genera of family Bacillacete. 

I. Aerobic; catalase positive. 

Genus I. Bacillus, p. 705. 

II. Anaerobic or microaerophilic; catalase not known to be produced. 

Genus II. Clostridium, p. 763. 

INTKODUCnON TO THE GENUS BACILLUS. 

In the fifth edition of the Manual, the late F. D. Chester stated: **It is difficult to 
offer a rational system of classification for the described forms of the genus Bacillus 
because of the incompleteness of the data”. He prepared a splendid review of the 
literature but naturally could not supply the data that were missing. He stated 
further that “The majority of the so-called species in the genus have been imperfectly 
presented, . . . the net result being that there are comparatively few clearly and 
definitely described species among the many herein recordc<i. The development of a 
better knowledge will be a w'ork of the future”. He then discussed the type of work 
that sbould be done. A reading of his statement is recommended to anyone contem¬ 
plating naming a new species. 

During the past few years, the writer wdth the assistance of Francis E. Clark and 
Ruth E. Gordon has made a study of the genus Bacillus along the lines indicated by 
Chester. Representative cultures have been obtained from various laboratories, 
institutions, and private collections. Special mention should be made of the private 
collection of Prof. J. R. Porter, now at the Iowa State University. It contained about 
200 named species and was invaluable for the work. As a result of this study, it ap¬ 
pears that many species have been differentiated by such simple characters as mucoid, 
folded, adherent or rhizoid growth, pigment production, the fermentation of a specific 
carbohydrate, etc. Others have been grouped because of some special physiplogical 
activity such as the decomposition of calcium n-butyrate, xylan, cellulose, etc. Ches¬ 
ter rightly consic^red that these physiological groups had no taxonomic value. 

Species have been characterized upon a broad basis in the present arrangement on 
the assumption that one species should not dissociate into another species. Since 
certain chfuncters are more stable than others, these have been used to establish a 


* Revised by Mr. Nathan R« Smith, U. S. Bureau of Plant Industry Station, Belts* 
ville, Maryland (BacUlue), August, 1943, and Prof. R. S. Spray, School of M^ieine, 
West Vifginia University, Morgantown, West Viiginia (Clostridium), May, 1943. 
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species pattern. This has reduced the number of species of the mcsophilic menibers 
of the genus from many poorly defined organisms to a few well characterized and 
delimited species. Intermediates occur betw^een related species and have been 
treated as such. The report on which this arrangement is based has recently been 
published by Smith, Gordon and Clark (U. S. Dept. Agr. Misc. Pub. Xo. 550, 1946, 

112 pp.). 

Some workers may think that the cut in the number of species has been t<x> drastic 
and that certain organisms listed as varieties, rnorphotypes, or biotypes should be 
retained as species. This would not be (‘rmsistent with the newer knowiedge of 
bacteriology that has been developed during the past two decades. No doubt other 
species occur in nature that are not included herein. Hut before jumping to the 
conclusion that a culture is a new species, closely related organisms as well as the 
isolate should be studied along the lines given by Chester in the fifth edition of the 
Manual. 

The production t)f indole and the formation of HjS have been omitted from the 
descriptions because these characters have no taxonomic value. Certain other prop¬ 
erties, such as colony form, character of the growth on slants, in litmus milk, etc., 
have a very limited value. They are included for the sake of completeness. 

Genus /. Bacillus Co^n.* 

(Beitrage z. Biol. d. Pfianzen. i. Heft 2, 1M72, 146 and 175.) From Latin bac~ 
ilium, a small stick. 

Synonyms: ? Haclrclla Morren, Hull. d. Sci. natur et de Geol., No. 27, 1830, 203; 
? Meiallacter Perty, Zur Kenntnias kleinster Lebensformen, 1852, 180; ? Bacteridium 
Davaine, Diet, Encyclop. d. Sci. M^d,, Ser. I, 8, 1868, 21; PoHcndera Trevisan, 1884 
(see DeToni and Trevisan, in Saccardo, Sylloge Fungorum, 8, 1889, 943); Zopfiella 
Trevisan, Atti della Accademia Fisio-Medico-Statistica in Milano, Ser. 4, 8,1885, 93; 
Cornilta Trevisan, I generi e le specie delle Batteriacee, 1889, 21; Vrobacillus Miquel, 
Ann Microg., /, 1889, 517; Bacterium Migula, .Arb. bakt. Inst. Karlsruhe, f, 1894, 
237 (not Bacterium Ehrenberg, Symbolae Physicae seu leones et Descriptiones Ani- 
malium, etc., Berlin, 1828, 8); Bactrinum, Bactridium, Bactrillum, Clostrillium, 
Clostrinium and Paracloster Fischer, Jahresb. f. wissensch. Bot., 87,1895,139; Endo- 
bacterium Lehmann and Neumann, Bakt. Diag., 1 Aufl., 8,1896, 103; Astasia Meyer, 
Flora, 84, 1897, 185; Saccharobacter Beijerinck, ('cnt. f. Bakt., II Abt., 6, 1900, 200; 
Fenobacter Beijerinck, ibid,; Aplanobacler E. F. Smith, Bact. in Relation to Plant 
Dis., i, 1905, 171; Semiclostridium Maassen, Arb. a. d. k. Gesundheitsamte, Biol. 
Abt., 5,1905,5; Afyxo6act7/tis Gonnermann, Ztschr. f. Zuckerind. u. Landwirtsch., 58, 
1907, 877; Plennobacterium Gonnermann, ibid. ; Serratia Vuillemin, Ann, Mycolog., 
It, 1913, 521 (not Serratia Bizio, Polenta porporina, Bibik). Ital., 50, 1823, 2S8); 
Schaudinnum, Tkeciobactrum, Zygoslasis. Eisenbergia, ytigulanumaxidRhagadascia 
Enderlein, Sitzber. Gesell. Naturf. F'reunde, Berlin, 1917,300; CelhdobacillUs Simola, 
Ann. Ac. Fenn., Ser. A, 34* No. 1 and 6, 1931 (abst. in Cent. f. Bakt., II Abt., 85, 
1932, 89); not Cellulobacillus Orla-Jensen, Cent. f. Bakt., I! Abt., 88, 1909, 343; 
Zymobacillus Kluyver and Van Niel, Cent. f. Bakt., II Abt., 54, 1936, 369. 

Rod-shaped bacteria, somet imes in chains. Sporangia usually not different from the 
vegetative cells. Catalase present. Aerobic, sometimes showing rough colonies and 


• Revised by Mr. Nathan R. Smith, U, S. Bur. Plant Industry Station, BeltsviUe, 
Maryland, August, 1943. 
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forming a pellicle on broth. Usually oxidize carbohydrates or proteins more or less 
completely, often producing slight acidity, without pronounced accumulation of 
characteristic products. Soil is the most common habitat. 

The internationally accepted (Jour. Hact., 55, 1937, 445) type species is Bttcillus 
9uhtilU Cohn emend. Prazmowski. 


Key to the species of genus Bacillus. 


I. Meeophilic (good grow’th at 30^C), aerobic (sometimes also grove at low concentra¬ 
tions of oxygen). 

A. Spores ellipsoidal to cyli ndrical, central to terminal, walls thin. Sporangia 
not distinctly bulged. 

1. Diameter of rods less than 0.9 micron. Cells from glucose or glycerol 

nutrient agar stain uniformly. 

a. Growth at pH 6.0. Acetylmethylcarbim*! produced. 

b. Gelatin hydrolyzed (Frazier method). Acid from xylose or arabi- 
nose with ammoniacal nitrogen. 

c. Starch hydrolyzed. Nitrites produced from nitrates. 

1. Baeillus subiilis. 

d. Black pigment on carbohydrate media only. 

la. Bacillus subiilis var. aterrimus, 
dd. Black pigment on tyrosin media only. 

lb. Bacillus subiilis var. nigei\ 

cc. Starch not hydrolyzed. Nitrites not formed from nitrates. 

2. Bacillus pumilus. 

bb. Gelatin not hydrolyzed. No acid from xylose or arabinose. 

3. Bacillus coagulans, 

aa. No growth at pH 6.0. Acetylmethylcarbinol not formed, 
b. Casein digested. Urease not formed. 

4. Bacillus firmus. 

bb. Casein not digested. Urease produced. 

5. Bacillus lentus. 

2. Diameter of rods 0.9 micron or more. Cells from glucose or glycerol 

nutrient agar appear vacuolated if lightly stained. 

a. Acid from xyloseor arabinose with ammoniacal nitrogen. Acetylmethyl¬ 
carbinol not produced. 


6. Bacillus megaiherium. 

aa. No acid from xylose or arabinose. Acetylmethylcarbinol produced, 
b. Saprophytic, sometimes pathogenic but not causing anthrax; usually 
motile. 

e. Growth on agar not rhiaoid. 

7. Bacillus cereus. 

cc. Rhizoid growth on agar; usually non-motile. 

7a. Bacillus cereus var. mycoides, 
bb. Pathogenic. Causative agent of anthrax; non-motile. 

8. Bacillus anthracis. j 

B. Spores ellipsoidal, central to terminal, walls thick, remnants of sporangium^ 

often adhering. Sporangia distinctly bulged, spindle and racket forms. 
Gram-variable. 

1. Acid and gas from carbohydrates. 

a. Acetylmethylcarbinol produced. Crystalline dextrins not formed from 
starch. 
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9. BaciUua polyinyxa. 

aa. Acetylmethylcarbiriol not produced. Crystalline dextrins formed from 
starch. 


10. Bacillus macerans. 

2. No visible gas from carbohydrates. 

a. Saprophytic. Growth on ordinary media. 

b. pH of glucose, proteose-peptone broth^ cultures less than 8.0. 
Citrates not used as source of carbon. 

c. Starch hydrolyzed. Acid from sucrose with ammoniacal 
nitrogen. 

d. .\cid from xylose or arabinose with ammoniacal nitrogen. 
Acetylmethylcarbinol not formed. 

11. Bacillus circulans. 

dd. No acid from xylose or arabinose. Acetylmethylcarbinol 
produced. 

12. Bacillus alvei. 

cc. Starch not hydrolyzed. No acid from sucrose. 

13. Bacillus laterosporus. 

bb. pH of glucose, proteose-peptone broth cultures 8.0 or higher. 
Citrates used as source of carbon. 

14. Bacillus brevis, 

aa. Parasitic. No growth on ordinary media. 

b. Cause of American foulbroodof honey bees. 

15. Bacillus larvae. 

bb. Cause of the milky disease of Japanese beetles (Popillia japonica 
Newm.), 

Type A. 16. Bacillus popilliae. 

Type B. 17. Bacillus lentimorbus. 

C. Spores spherical, central to terminal. Sporangia definitely bulged, drum¬ 
sticks and spindles. Carbohydrates not attacked. Gram-variable. 

1. Growth on nutrient agar without urea or free ammonia. 

a. Urease not formed. 

18. Bacillus sphaericus. 

aa. Urease produced. 

18a. Bacillus sphaericus vat. fusiformis. 

2. No growth on nutrient agar without urea or free ammonia. Urease formed. 

19. Bacillus pasteurii. 

II. Thermophilic, optimum temperatures 55*^C or above; slight if any growth at 37^0. 
Aerobic.* 

A. Spores ellipsoidal to cylindrical, central to terminal; sporangia not distinctly 
bulged. 

1. Diameter of rods less than 0.8 micron, 
a. Gas from carbohydrates. 

20. Bacillus thermoamylolyiicus. 
aa. No gas from carbohydrates. 


* The data on the species of this group are so meager that it is not possible to offer a 
rational system of classification. Many of the characters used for separating the vari¬ 
ous species are probably as variable in this group as they have been found to be in the 
mesophilic group. Lacking a knowledge of the limits of variability and lacking other 
pertinent data, the present arrangement is regarded as temporary only. 
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b. Growth below 60®C. 

0 . Nitrites from nitrates, often with liberation of nitrogen gas. 

21. Bacillus kaustophilus. 

21a. Bacillus pepo. 

oc. No nitrites from nitrates. 

22. Bacillus thermoindifferens, 
bb. No growth below oO®C. 

23. Bacillus thermodiastaticus. 

2. Diameter of rods greater than 0.8 micron. 

a. Growth on nutrient agar. 

b. Remnants of sporangium adherent. 

24. Bacillus cylindricus. 
bh. Remnants of sporangium not adherent. 

26. Bacillus rohustus. 

25a. Bacillus losnnitchii. 
aa. No gn)\vth on nutrient agar. 

26. Bacillus calitlolactis. 

B. Spores ellipsoidal to cylindrical, centnd to terminal; sporangia distinctly 
bulged. 

1. Diameter of rods less than 0.9 micnm. 

a. Starch hydrolyzed. 

b. Nitrites from nitrates, sometimes with liberation of nitrogen gas. 

27. Bacillus ynichaclisii, 

27a. Bacillus lohaius. 

27b. Bacillus thermononliquefaciens. 
bb. No nitrites from nitrates. 

c. Action on cellulose not recorded. 

28. Bacillus thcrmotranslucens. 

28a. Bacillus slearothcnnophilus. 

28b. Bacillus aerothcrmnphilus. 

cc. Cellulose hydrolyzed. 

29. Bacillus thermocellulolyIicus, 

aa. Starch not hydrolyzed. 

b. Nitrites from nitrates, sometimes with gaseous nitrogen, 

c. Milk unchanged. 

30. Bacillus ihermoalitneuiophilus. 
cc. Milk acid, coagulated. 

31. Bacillus thermoliquefaciens. 

2. Diameter of rods greater than 0.9 micron. 

a. Starch hydrolyzed. 

b. No nitrites from nitrates. 

32. Bacillus iostus. 

C. Spores spherical, central to terminal; sporangium not distinctly bulged. 

33. Bacillus viridulus. 

1. Bacilliis Sttbtiiis Ck>hn emend. Praz- schichte und Fermentwirkung einigon 
tiiowski. (Cohn, Beitr. z. Biol. d. Pflan- Bakterien-Artcn. Inaug. Dias., Leipzig, 
zen, /,Heft2,1872,174;Heft3,1876,188; 1880.) From Latin subtilin, thin, 

2, ileft 2,1876,249; Prazinowski, Unter- slender. 

suchungen Ober die Entwicklungsge- The identity of this species has been 
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the subject of some controversy owing to 
the indefinitenesB of the original dcscrip> 
tionB» to the distribution of cultures un¬ 
der the name Bacillus subtilis that were 
incorrectly identified, to variations in the 
forms of growth that may bo observed, 
and to confusion with Bacillus cercus. 
In cases where Bacillus subtilis is said to 
be *‘anthrax-Iike,** or ^^similar to the 
anthrax bacillus,” it should be remem¬ 
bered that these terms apply to Bacillus 
cereus and not to Bacillus subtilis. 
Conn (Jour. Inf. Dis., 46, 1930, 341) 
concluded that the so-called Marburg 
strain fitted the earliest recognizable 
description of this species which is that 
given by Prazmowski (loc. cit.), and his 
view was accepted after a study of cul¬ 
tures by the International Committee 
on Bacteriological Nomenclature (Jour. 
Bact„ 88, 1937, 445). 

During the past two decades much 
progress has been made in the study of 
variations in the stages of growth of bac¬ 
teria, the rough, smooth, mucoid, etc., 
and in the variability in phj^siology as 
well. From the recent work of Smith, 
Gordon, and Clark (loc. cit.) it appears 
that many species have been character¬ 
ized on such simple grounds as gmwth 
folded, mucoid, adherent, colored, rhiz- 
oid, etc., all of which arc subject to 
variation, either induced or spontaneous. 
The present arrangement of this species 
is the result of their work combined with 
data supplied by the work of Conn and 
others. 


Species probably identical with or 
variants of Bacillus subtilis: 

Bacillus geniculatus de Bary, Beitrag 
zur Kenntnis der niedcren Oiganismen 
im Magcninhalt, Inaug. Diss., Strassburg, 
Leipzig, 1885; Bacillus mesentericus 
fuscus Flugge, Die Mikroorganismen, 2 
Aufl., 1880, 321 Bacillus mesentericus 
Trevisan, I gencri e le specie delle Bat- 
teriacec, 1889,19 ; not Bacillus mesenteri- 
cus 08 interpreted by Chester, Del. Agr. 
E-\p. Station loth Ann. Report, 1903,86; 
not Bacillus mesentericus as given by 
Lawrence anil Ford, Jour. Bact., /, 1916, 
295);* Bacillus mesentericus vulgaiuc 
Flugge, Die Mikroorganismen, 2 AuE., 
1886, 322 (Bacillus vulgatus Trevisan, I 
generi c le specie delle Batteriacee, 1889, 
19); Bacillus liodernios Flligge, Die 
Mikroorganismen, 2 Aufl., 1886, 323 (Ba¬ 
cillus No. X, Flugge, Ztschr. f. Hyg., 17, 
1894, 296; Bacillus lactis No. X, Kruse, 
in Fliigge, Die Mikroorganismen, 3 Au6., 
2, 1896,209; Bacillus intermedins Migula, 
Syst. d. Bakt., 2, 1900, 579; Bacillus 
cremoris Chester, Man. Determ. Bact., 
1901,274); Bacillus laevts Frankland and 
Frankland, Philos. Trans. Roy. Soc. 
liondon, 178, B, 1887 , 278 (not Bacillus 
laevis Distaso, Cent. f. Bakt., I Abt., 
Grig., 68, 1912, 444'); Tyrothrix tenuis 
Duclaux, Ann, Inst. Nat. Agron., 4» 
1882, 23 (Bacillus tenuis Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
16); Kartoffelbacillus, Globig, Ztschr. 
f. Hyg., J, 1888, 2t>4 [Bacillus roseus 
Trevisan, loc. cit., 19; Bacillus mesen- 
tericus ruber Kruse, in Flugge, Die 


*T. Gibson, University of Edinburgh (personal communication), has ^ound that the 
European and supposedly the original st rains of Bacillus mesentericus hydrolyze starch 
and reduce nitrates to nitrites, \^hereas the American strains are negativein both of 
these characters. Furthermore, the latter are usually smooth and when the rough 
stage exists, it does not resemble a mesentery from which the organism derived its 
name. This term, however, can still be applied to the European strains. Since the 
American strains are identical with Bacillus pumilus (Chester, Del. Agr. Exp. Sta¬ 
tion, 15th Ann. Report, 1963, 87; Lawrence and Ford, Jour. Bact., 1, 1916, 300), it 
has been recommended (Smith, Gordon, and Clark, loc. cit.) that they l)e designated 
as Bacillus pumilus to avoid ambiguity. Since the European Bacillus mesentericuM 
is only a stage of growth of BacUlus subtilis, the former name should be dropped. 
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Mikroorganismeiii F, 1896, 190; Bacillus 
glMgii Migula, Syst. der Bakt., F, 1900, 
554; Baeillua vitalia Chester, Man. 
Detenu. Bact., 1901, 286); Bacillus 
Icptosparus Klein, Cent. f. Bakt., 6, 
1^, 316; Bacillus No. 6, Pansini, Arch, 
f. path. Anat. u. Physiol., IFF, 1800, 422 
{Baallus coccaideus Migula, Syst. der 
Bakt., 5, 1900, 558); Bacillus radians 
Migula, Syst. d. Bakt., 2^ 1900, 580 
(Bacillus No. IX, Flttgge, Ztschr. f. 
Hyg., 17, 1894, 296; Bacillus lactis No. 
IX, Kruse, in FlOgge, Die Mikroorgan- 
isinen, 3 Aufl., 2, 1896, 209; Bacillus 
stellatus Chester, Man. Determ. Bact., 
1901, 274; not Bacillus stellatus Vincent, 
Ann. Inst. Past., 21, 1907, 69); Bacillus 
mesentericus panis viscosi II Vogel, 
Ztschr. f. Hyg., 26, 1897, 404 (Bacillus 
panis Migula,** Syst. der Bakt., 2, 1900, 
576); Bacillus armoraciae Burchard, Arb. 
a. d. bakt. Inst. d. tecbn. Hochschule zu 
Karlsruhe, 2, 1898, 46; Bacillus idosus 
Burchard, ibid,, 47; Bacillus subtilis a 
Gottheil, Cent. f. Bakt., II Abt., 7, 
1901, 6^; Bacillus nallo Sawamura, 
Bull. Coll. Agr., Tokyo, 7, 1906, 108; 
Bacillus mesentericus var. flavus Lau- 
bach, Jour. Bact., i, 1916, 497 (Bacillus 
flasus Bergey et al., Manual, 1st ed., 
1923, 286; not Bacillus flavus Fuhrmann, 
Cent. f. Bakt., II Abt., 19, 1907, 117); 
Bacillus truffauii Truffaut and Bezsso- 
noff, Compt. rend. Acad. Sci., Paris, 
176, 1922, 544; Bacillus mesentericus 
hydrolylicus Hermann and Neuschul, 
Biochem. Ztschr., 281, 1935, 219. 

The name Vibrio subtilis Ehrenberg 
(Infusbnsthierchen als vollkommene Or- 


ganismen, Leipzig, 1838) seems to have 
given rise to the species name. 

Spores: 0.6 to 0.9 by 1 .Oto 1.5 microns, 
ellipsoidal to cylindrical, central or para¬ 
central . Germination prevailingly equa¬ 
torial. 

Sporangia: Ovoid to cylindrical, only 
slightly bulged if at all. 

Rods: 0.7 to 0.8 by 2.0 to 3.0 microns, 
single or in short chains, rounded ends, 
stain uniformly. Motile. Gram-posi¬ 
tive. The following variations have been 
observed: Smaller or larger rods, fila¬ 
ments, encapsulated cells (the slimy 
bread organisms), few shadow forms, non- 
motile and Gram-variable. Rods on 
glucose nutrient agar store small amount 
of fat. 

Gelatin stab: Liquefaction. 

Agar colonies: Usually rough, finely 
wrinkled, opaque, dull, adherent, slightly 
spreading, brownish tinge. Variations 
may be s mopp i^ soft, thin, translucent, 
non-adherent, dendroid, coarsely wrin¬ 
kled, creamy-white to yellowish to 
orange. 

Agar slants: Growth abundant, flat; 
spreading, usually has a dull mat surface, 
finely wrinkled, adherent, becoming 
slightly brownish. Variations may be 
coarsely wrinkled or folded, non-adher¬ 
ent, smooth, thin, translucent, dendroid, 
creamy-white to yellow to orange. Some 
strains show a greenish fluorescence 
when grown at 45®C on nutrient agar. 

4 Broth: Turbid becoming clear with 
formation of a tough, wrinkled pellicle. 

Milk: Slowly peptonized, becoming 
alkaline. 


**Thereha8 been confusion about the identity of the so-called slimy bread bac¬ 
teria. Lehmann and Neumann (Bakt. Diag.,7 Aufl., 2, 1927,616) stated that they 
were interrelated and also more or less closely related to Bacillus mesentericus and 
to Bacillus vulgatus. Laubach (Jour. Bact., 1, 1916, 501) isolated a strain of Bacil¬ 
lus panis that lost its capsules on artificial media, although it still remained slimy. 
From this and the work of Smith, Gordon and Clark (loc, cit,) it is apparent that 
the slimy bread organisms are mucoid variants of Bacillus subtilis, which may or 
may not be encapsulated, and motile or non-motile (see also Bacillus subtilis var. 
Hscosus Chester, Del. Agr. Exp. Station, 15th Ann. Report, 1903, 84). 




FAMILY BACILLACEAE 


711 


Milk agar plate: Casein hydrolyzed. 

Potato: Growth luxuriant, warty or 
w*rinkled to coarsely folded, whitish to 
pink or yellow, becoming brownish with 
age. 

Nitrites formed from nitrates. 

Starch is hydrolyzed. 

Acid with ammoniacal nitrogen from 
xylose, arabinose, glucose, fructose, galac> 
tose, mannose, maltose, sucrose, salicin, 
glycerol, and mannitol. Usually acid 
from dextrin. Variable reactions on 
rhamnose, raffinose, and inulin. Usually 
no action ojoJaciese. 

Acetylmethycarbinol produced. 

Citrates utilized. 

Optimum temperature 30® to 37®C. 
Will usually grow from 60® to 56®C. 

Aerobic, facultative. 

Source: Original cultures isolated by 
Cohn from an infusion of lentils (1872), 
from a boiled infusion of cheese and white 
beets (1875), and from boiled hay infu- 
.sions (1876). Hence, frequently called 
the hay bacillus. The folded, non-ad¬ 
herent stage of grow th (Bacillus vulgatus 
and the European strain of Bacillus 
mesentericus) is often called the potato 
bacillus. Manner of germination of 
spores established by Prazmowski (foe. 
cii.). 

Habitat: Widely distributed in soil 
and in decomposing organic matter. 

Note: Bacillus vulgatus has long been 
separated from Bacillus subtilis by the 
folded character and the non-adherence 
of its growth. Recently Lamanna (Jour. 
Bact., 1042, 611) has attempted to 
separate this species from Bacillus sub¬ 
tilis by the splitting of the spore sheath 
along the transverse axis upon germina¬ 
tion . Since the tvro species are otherwise 
morphologically and physiologically alike 
and since these characters are subject to 
much variatbn, there seems to be no valid 
reason for this separation. One can, if he 
desires, indicate the different stages of 
growth; for instance, Bacillus subtilis 
morphotype vulgatus (or mesentericus) 
for the folded growth, Bacillus subtilus 


morphotype panis for the slimy giowtli, 
and Bacillus subtilis morphotype globigii 
for those that produce a red or orange 
pigment. These terms would apply to 
the present condition of the culture and 
would have to be changed if the character 
of the growth changed. 

la. Bacillus subtilis var. aterrimus 
comb. nov. (Potato bacillus, Biel, Cent. f. 
Bakt., II Abt., f, 1896, 137; BaciUus 
aterrimus Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., f, 1896, 303; Bacillus 
mesentericus niger Lunt, Cent. f. Bakt., 
II Abt., 8, 1896, 572; Bacillus niger 
Chester, Man. Determ. Bact., 1901,306.) 
From Latin aterrimus, very black. 

Synon 3 nnris: Bacillus nigrificans Fabian 
and Nienhuis, Mich. Agric. Exp. Station, 
Tech. Bull. 140, 1934, 24; BaciUus 
tyrosinogenes Rusconi, as referred to by 
Carbone et al., Instit. Sierot. Milan., f, 
1921-*1922, 29; not Bacillus tyrosinogenes 
Hall and Finnenid, Proc. Soc. Expl. 
Biol, and Med., /9, 1921, 48 and Hall, 
Abstr. Bact., 6, 1922, 6. 

In the early accounts the production 
of a blue-black to black pigment on potato 
was stressed. It w'as also said to resemble 
Bacillus subtilis and Bacillus vulgatus 
on gelatin plates. Recent work (Clark 
and Smith, Jour. Bact., 57,1939,280) has 
showm that pigmentation occurs only in 
the presence of a carbohydrate. In addi¬ 
tion (Gordon and Smith, Jour Bact., J5, 
1942,55), it w'as established that the abil¬ 
ity to form the pigment could be lost 
through serial transfers and colony 
selection and that the resultant dissoci- 
ants could not be differentiated from 
Bacillus subtilis. 

Source: Isolated from rye bread in 
moist chamber used for growing some 
aspergilli (Biel). 

Habitat: Widely distributed in soil. 

lb. Bacillus subtilis var. niger conib„ 
nov. (Bacillus lactis niger Gorini, Gior« 
d. Reale Soc. Ital. Ig., 16, 1864,0; Baeil- 
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lv8 niger Migula, Syst. der Bakt., 
1900, 636.) From Latin niger, black. 

The black pigment cbaracterieing this 
organism is formed only in media contain¬ 
ing tyrosine (Clark and Smith, Jour. 
Ilact., 37, 1939, 279). The ability to 
form the pigment may be lost through 
serial transfer and colony selection. It 
then cannot be separated from Bacillus 
subtilie (Gordon and Smith, loc, cit,). 

Source: First isolated from milk. 

Habitat: Widely distributed in soil. 

x2. Bacillus pumlltts Gottheil. (Cent. 

Bakt., II Abt., 7, 1901, 681.) From 
Latin pumilus, dwarfish, little. 

Synonyms: Baeillue mesentericus as 
interpreted by Chester, Del. Agric. Exp. 
Station, 15th Ann. Report, 1003, 87; 
BaeiUue tneeeniericue os given by Law¬ 
rence and Ford, Jour. Bact., /, 1916, 295 
and 300; Bacillus mesentericus var.flavus 
Laubach, Jour. Bact., /, 1916, 497; per¬ 
haps also Bacillus parvus Neide, Cent. f. 
Bakt., II Abt., /3, 1904, 344; Bacillus 
lepiodermis Burchard, Arb. a. d. bakt. 
Inst. d. techn. Hochschule zu Karlsruhe, 
3, 1896, 33. 

Spores: Ellipeoidal to cylindrical, thin 
walled, naked, central or paracentral, 
usually about 0.5 by 1.0 micron although 
some may approach the size of those of 
BaeiUus sMilis. 

Sporangia: Ellipsoidal to cylindrical, 
not bulged. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
usually occurring singly or in pairs. 
Chains, filaments and shadow forms may 
be found in some strains. Cells grown on 
iducose nutrient agar have few small fat 
^bules. Motile with peritrichous fia- 
gdla. Gram-positive. 

Gdatin stab: Slow liquefaction. 

Agar colonies: Thin, fiat, spreading, 
dendroid, smooth, translucen t. The 
rough stage also occurs. 

Agar slants: Growth moderate, smooth, 
soft, thin, glistening, non-adherent, 
spreading, usually whitish although it 
' may be yelbwiah. The rough stage is 


tough and fmcly wrinkled, sometimes re¬ 
sembling certain strains of Bacillus 
subtilis. 

Broth: Uniform turbidity, with or 
without a ring or half-formed pellicle. 
The rough stage forms a pellicle. 

Milk: Peptonized, sometimes coagu¬ 
lated. 

Milk agar plate: Casein hydrolyzed. 

Potato: Growt h is smooth, thin, spread¬ 
ing, moist to slimy, yellowish, turning 
somewhat brown. The rough stage is 
dry and finely wrinkled. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

.\cid with ammoniacal nitrogen from 
arabinose, xylose, glucose, fructose, galac¬ 
tose, n*annose, sucrose, salicin, glycerol 
and mannitol; usually also from maltose 
and raffinosc. Reaction variable with 
dextrin. Usually no acid from rhamnose, 
lactose, and inulin. 

Acetylmethylcarbinol produced. 

Citrates utilized as sole source of 
carbon. 

Optimum temperature about 30®C. 
Maximum temperature allowing growth 
usually about 50®C. 

Aerobic. 

Source: Isolated from plants, cheese, 
dust, and as a contaminant of media. 

Habitat: Widely distributed in nature. 

Bacillus coagulans Hammer. (Iowa 
Agric. Exp. Station, Research Bull. 19, 
1915, 129; Sarles and Hammer, Jour. 
Bact., 35, 1932, 301.) From Latin 
coagulans, curdling, coagulating. 

Synonyms: Bacillus thermoaeidurans 
Berry, Jour. Bact., 35,1933, 72; BaeiUus 
dextrolacticus Andersen and Werkman, 
loura State Coll. Jour, of Sci., 1940, 
187. 

Spores: Ellipsoidal to cylindrical, ter¬ 
minal or subterminal, thin walled, 0.6 
to 0.9 by 1.0 to 1.5 microns. Sponilation 
better on acid proteose peptone agar 
(Stem, Hegarty, and Williams, Food 
Research, 7, 1942, 186). 
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Sporangia: Only slightly swollen, if at 
all. 

Rods: 0.5 to 0.0 by 2.5 to 3 microns, 
singly or in short chains, resemble Ba- 
eillua aubtilia. Cells from glucose agar 
contain few small fat globules. Motile. 
Gram-positive. 

Gelatin: No growth at 20®C. No 
change in gelatin by Frazier method at 
45^C. 

Agar colonies: Small, entire, raised, not 
characteristic. 

Agar slants: Grow th scant to moderate, 
t bin, flat. On acid proteose peptone agar 
growth is more abundant and micro¬ 
scopically the cells appear healthier. 

Broth: Moderate uniform turbidity, 
followed by clearing. Glucose broth 
attains a pH of 4.0 to 4.4. 

Milk: Coagulated. 

Milk agar plate. Weak hydrolysis of 
casein. 

Potato: Growth scant to moderate, 
thin, spreading, white to cream-colored. 
May have a sour odor. 

Nitrites usually not formed from 
nitrates. 

Starch is hydrolyzed. 

Acid from glucose, galactose, fructose. 
lacto.<«c, maltose, sucrose, dextrin, and 
glycen>l. Tsually no acid from arabinose 
and sorbitol. No acid fr<»m xylose and 
mannitol. Organic nitrogen preferable 
to inorganic. 

Aeetylnicthylcurbinol produced. 

('itrates not used as sole wmrcc of 
carbon. 

Optimum temperature about 45®C 
(Hammer, 55®C). Maximum tempera¬ 
ture allowing growth 54®(* to 00®C. Slow 
growth, if any, at 25®C. 

Aerobic, facultative. 

Source: Isolated fiom cva|)orated milk 
(Hammer) and tomato juice (Berry). 

Habitat: Canned goods; probably 
widely distributed in nature. 


Spores: Usually ellipsoidal, central to 
subterminal, 0.6 to 0.7 by 1.0 to 1.2 
microns on Ca-n-butyrate agar (Wer^ 
ncr); 0.7 to 0.9 by 1.0 to 1.4 microns on 
nutrient agar. Hporulation better on 
plain peptone agar than on nutrient agar. 

Sporangia; Ellipsoidal to cylindrical, 
sometimes slightly 1>ulged. 

Rods: 0.6 to 0.9 by 1.5 to 4.0 microns, 
single or in short chains, few filaments. 
On glucose nutrient agar there are swol¬ 
len, shadow, and other abnormal forms, 
few small fat globules. Motile with 
peritrichous flagella. Gram-positive. 

Gelatin st ab: Slow liquefaction. Gela¬ 
tin plate shows wide cone of hydrolysis. 

Agar colonies: Small, smooth, dense, 
entire, white to pink. 

.\gar slants: Growth moderate, smooth, 
opaque, not spreading, whitish. Pink 
variations may occur. Growth inhibited 
when glucose is added, because of the 
production of acid. No growth at pH 
6.0 or below. 

Broth: Scant uniform turbidity or a 
flocculent growth. 

Milk agar plate: Weak to strong casein 
hydrrdysi.s. 

Potatf): No gnn\ th. 

Nitrite.-^ produced fnnn nitrates. 

Starch is hydixdyzed. 

.Vcid from glii(‘ose. No acid from 
arabinose and xylose, .\mmonium salts 
not used as sole source of nitrogen. 

Acetylmcthylcarbinol not produced. 

(/itrates usually not utilized. 

Urease not produced. 

Salt tolerance: Will grow in nutrient 
broth Cfmtaining 4 to 7 per cent NaCl. 

Optimum temperature about 28®C. 
Maximum temperature allowing growth 
37®C to 45®C. 

Source: Seven strains isolated from 
soils in Central Europe and Egypt. 

Habitat: Widely distributed in soil. 


J. Bacllltu finnus Wernor. (Cent. f. n/^- BadUiis lentos Gib«n. (Cent. f. 
Bikt., II Abt., 97, 1932, 470.) Prom Bakt., II Abt., 99, 1936, 388.) From 
Latin firmttM, firm, strong. Latin fenfiM, slow. 



714 


MANUAL OF DETBRMINATIVE BACTERIOLOGY 


Spores: Ellipsoidal, central to subtler- 
mtnal, 0,7 to 0.8 by 1.0 to 1.3 microns. 

Sporangia: Ellipsoidal to cylindrical, 
may be slightly smllon. 

Rods: 0,6 to 0.7 by 2.0 to 3,0 microns, 
occurring singly or in pairs. Motile witii 
peritrichous flagella. Gram-positive. 

Gelatin stab: Xo liquefaction. Xu 
change in gelatin by Frazier method. 

Agar colonies: Small, smooth, entire, 
glistening, white, opaque. 

Agar slants: Growth only moderate, 
slow, thin, gray to white, opaque, not 
spreading. Xo growt h at pH 6.0 or below. 
Growth inhibited by glucose because of 
the change to acid reaction. 

Broth: Faint uniform turbidity, granu¬ 
lar sediment. 

Milk: Unchanged. 

Milk agar plate: Casein not hydro¬ 
lyzed. 

Potato: Xo growth. 

Xitrites not produced fix)in nitrates. 

Starch is hydrolyzed. 

Acid from arabiiiose, xylose, glucose, 
sucrose, and lactose. Inorganic nitrogen 
not utilized. 

Acetylmcthylcarbinol not formed. 

Citrates not used lus sole source of 
carbon. 

Urease produce<l. Urea decojiiix)scd at 
room teniperaturc, feebly at 37®C. 

Salt tolerance: Will grow in nutrient 
broth containing 4 |>er cent Xa( *1. 

Optimum temperature alx)ut 2o'C. 
Maximiuii temperature allowing growth 
37*C. 

Growth on most media is increasc<i by 
the addition of urea. 

Aerobic. 

Source: Xinc strains isolated from 
soils. 

Habitat: Coininon in .soils. 

Bacillos megatherium De Bary. 
(BaciUuB megaterium (sic) Dc Bary, 
Yergleichendc Morph, und Biol, der 
Pilze, 1884, 469.) Generally assumed 
that the original spelling was a typo¬ 
graphical error and that the later spelling 


fnegaiheriwn comes from Greek roots 
meaning big animal (Breed, Science, 70, 
1929, 480). Ripple (Arch. Mikrobiol., 
i/, 1940, 470) holds that the original 
spelling moaning big rod is the correct 
form. 

Synonyms os given by Smith, Gordon, 
and Clark (foe. cit.): Bacillus capri 
Stapp, Cent. f. Bakt., 11 Abt., 61, 1920, 
19; Bacillus carotarum Koch, Bot. Zeit., 
18, 1888, 277 {Bacterium carotarum Mig- 
ula, Syst. d. Bakt., 2, 1900, 293); Ba- 
cillus cobayae Stapp, Cent. f. Bakt., II 
Abt., 61, 1920, 10; Bacillus danicus 
Lohnis and Westermann, Cent. f. Bakt., 
II Abt., 22, 1908, 253; Bacillus graveolcns 
Gottheil, Cent. f. Bakt., II Abt., 7, 1901, 
496 and 535; Bacillus malabarensis 
Lohnis and Pillai, Cent. f. Bakt., II 
Abt., 19, 1907, .91; Bacillus musculi 
Stapp, Cent. f. Bakt., II .\bt., 61, 1920, 
.39; Bacillus oxalaticus Migula, Arb. a. d. 
bakt. Inst. d. Tech. Hocbschulo z. 
Karlsruhe, 1, Heft, 1,1894, 139; Bacillus 
petasiles Gottheil, Cent. f. Bakt., II 
Abt., 7, 1901, 535 (Lawrence and Ford, 
Jour. ,Bact., /, 1916, 273); Bacillus ru- 
minalus Gottheil, ibid., 496; Bacillus 
silvalicus Xoide, Cent. f. Bakt., II Abt., 
12, 1904, *32; Bacillus tumcscens Zopf, 
Dio Spaltpilze, 1 Aufl., 1883,66 {Zopficlta 
tumcscens Trevisan, Gar. d. ale. nuov. 
gen. di Batter., 1885, 4). 

Other possible synonyms given by 
Xoide (Ittc. cit., II): Bacterium hiitum 
Hcnrici, .Urb. bakt. Inst. Karlsruhe, 7, 
1894, 41 (Pseudomonas hirtum Ellis, 
Cent. f. Bakf. II Abt., //, 1903, 213; 
Bacillus hirlus Ellis, Ann. Bot., 20, 190(>, 
233); Bacillus brassicae Pommer, Mitt, 
botan. Inst. Graz, 1, 1886, 95 (Bacterium 
brassicae .Migula, Syst. d. Bakt., 2, 1900, 
296). 

Although the name Bacillus lumescens 
Zopf (which is here regarded as a probable 
synonym) has priority over Bacillus 
megatherium, the latter name is preferred 
because of 'general usage. Neither of the 
original descriptions Is sufflciently de¬ 
tailed to oharacterize adequately the 
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species named, and Zopf (Die Spaltpilse, 
3 Aufl., 1885, 82-83) regarded the two 
species as distinct. The lAodern work 
on which the present description of Ba- 
ciUus megatherium is based has been 
largely carried out with cultures identi¬ 
fied as Bacillus megatherium, and the 
true nature of the species is really fixed 
by the informal emendations made in 
these more recent descriptions. The 
emended descriptions g^ve this name a 
more certain meaning than is given 
Bacillus tumescens by the descriptions 
existent in the literature. 

Spores: Ellipsoidal, sometimes nearly 
round, central to paracentral, 1.0 to 1.5 
by 1.5 to 2.0 microns (larger dimensions 
have been reported). 

Sporangia: Ellipsoidal to cylindrical, 
often in short chains; not swollen. 

Hods: 1.2 to 1.5 by 2.0 to 4.0 microns, 
occurring singly and in short chains. 
Larger and smaller cells, irregular, 
twisted, and shadow forms are present in 
some strains, depending upon the sub¬ 
strate. Cells from glucose or glycerol 
nutrient agar usually store much fat and 
stain unevenly (vacuolated) with dilute 
stains. Motility with peritrichous fla¬ 
gella, usually slow, although some strains 
may show active motility. Gram-posi¬ 
tive. 

Gelatin stab; Slow liquefaction. 

Agar colonics: Large, smooth, soft, con¬ 
vex, entire, opaque, creamy-white to 
yellow. The rough stage is usually con¬ 
centrically ridged with a thin edge. 

Agar slants: Growth abundant, soft, 
butyrous, creamy-white to yellow with 
pellucid dots. Browning with age; a few 
strains become black if the medium con¬ 
tains tyro.9inc. 

Broth; Medium to heavy uniform 
turbidity. 

Milk: Peptonized. 

Milk agar plate: Casein hydrolyzed. 

Potato: Growth abundant, ai$iooth, soft 
to slimy, spreading, creamy-white, pale 
to leinoii^ycliow or pink. A few strains 


are orange-colored, some blacken the 
potato. The rough stage is wrinkled. 

Nitrites usually not produced from 
nitrates. 

Starch is hydrolyzed. 

Acid with ammoniacal nitrogen from 
arabinose, glucose, fructose, sucrose, 
maltose, dextrin, tilulin, salicin, glycerol 
and mannitol. Usually acid from xylose, 
galactose, mannose, and raffinose; vari¬ 
able from lactose. Generally no acid 
from rhamnose. 

Acetylmethylcarbinol not formed. 

Citrates used as sole source of carbon. 

Uric acid hydrolysis: Variable. 

Optimum temperature 28®C to 35®C. 
Maximum temperature allowing growth 
usually between 40®C and 45®C. 

Source: Originally isolated from cooked 
cabbage. 

Habitat: Widely distributed in soil, 
water, and decomposing materials. 

Notb: A description of Bacillus mega¬ 
therium—Bacillus cererts intermediates 
follows the description of Bacillus cereus. 

Bacillus cereus Frankland and 
Frankland. (Philosoph. Transact. Hoy. 
Soc. London, 178, B, 1887, 279.) From 
Latin cereus, waxy. 

Synonyms: Bacillus ellenbachensis al¬ 
pha Stutzer and llurtleb, Cent. f. Bakt., 
II Abt., 1898, 31; Bacillus ellenbachen¬ 
sis Goftheil, Cent. f. Bakt., II Abt., 7, 
1901, 540; Bacterium pttrosclini Bur- 
rhard, .\rb. bakt. Inst. Jvarlsruhe, 
lvS98, .39 {Bacillus pclrusclini l^chmann 
and Xcumann, Bakt. Diag,, 4 Aufl., 2, 
1907, U4). 

The following arc given as |K>ssible 
synonyms by Gottheil, Cent., f. Bakt., 
II Abt., 7, 1901, 5*10: Bacillus ramosus 
liquefaciens Fliigge, Die Mikroorganis- 
men, 2 .\ufl., 1886, 342; Bacillus stoloni- 
ferns Pohl, Cent. f. Bakt., II, 1892, 142 
{Bacterium stolonijcrus Chester, Ann. 
Uept. Del. Col. .Vgr. Exp. 8ta., 0, 1897, 
91; Achromobacter stoloniferum Borgey 
cl a!.. Manual, 1st cd.. 1923, 136); Bacil¬ 
lus limosus Russell, Ztschr. f. Ib^g., 
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1802» 196 (not BaeiUuM limoBW Klein, 
Ber. d. deutseh. bot. Qeaellaoh., 7,1889, 
66; BaeiUu$ limapkUua Migula, Syat. d. 
Bakt., f, 1900, 650); Baeillua brevis o 
FlOgge, Ztechr. f. Hyg., 17, 1894, 294; 
Bacillus lululenlus Kern, Arb. bakt. Inst. 
Karlsruhe, i, 1897, 402; Bacillus ganio- 
spams Burchard, Arb. bakt. Inst. 
Karlsruhe, F, 1898, 14; Bacterium tur- 
geseens Burchard, ibid,, 18; Bacillus 
cursor Burchard, ibid,, 25; Bacillus lax- 
osus Burchard, ibid., 37. 

The following are also listed as syno- 
lijrms or biotypes of Bacillus cereus by 
Smith, Gordon and Glark: Bacillus ses- 
silis Klein, Cent. f. Bakt., 6, 1889, 349 
and 377 (Bacterium sessile Migula, Syst. d. 
Bakt., t, 1900, 290); Bacillus albolaciis 
Ifigula, ibid., 577 (Bacillus lactis albus 
Loeffler, Berlin, klin. Wchnschr., 1887, 
630); Bacillus laclicola Neide, Cent, 
f. Bakt., II Abt., It, 1904,168 (Bacillus 
No. V, FiCkgge, Ztschr. f. Hyg., 17,1894, 
294; BadUus lactis No. V, Kruse, in 
FlOgge, Die Mikroorganismen, 3 Aufl., t, 
1896, 208; Bacterium laclicola Migula, 
Syst. d. Bakt., t, 1900, 305; Bacillus 
excurrens Migula, ibid., 582; Bacillus 
cereus Chester, Man. Determ. Bact., 
1901, 278; not Bacillus cereus Frankland 
and Frankland, Philos. Trans. Roy. Soc. 
London, 178, B, 1887,279); Bacillus lactis 
Neide, Cent. f. Bakt., II Abt., It, 1904, 
337 (BadUus No. I, FlOgge, Ztschr. f. 
Hyg., 17, 1894, 294; BadUus flUggei 
Chester, Manual Determ. Bact., 1901, 
281); BadUus robur Neide, Cent. f. 
Bakt., II Abt., It, 1904, 18; BadUus 
tkuringieneis Berliner, Zeit. f. angew. 
Entomol., t, 1915, 29 (see also Mattes, 
Gesdlschaft sur Befdrd. der Gesam. 
Naturw., 6t, 1927, 381; Bacterium 
thuringiensis Chorine, Intemat. Ck>m 
Borer Invest., t, 19^, 50); BadUus 
cereus var. fiuorescens Laubach, Jour. 
Bact., 1, 1916, 508 (BadUus fiuorescens 
Bergey et al., Manual, 1st ed., 1923, 
298; not BadUus fiuorescens Trevisan, 
1 generi e le specie delle Batteriacee, 
1889, 18); BadUus subtilis Michigan 
strain. Conn., Jour. Inf. Dis., 4$, 1930, 


341; BadUus undulatus den Dooren de 
Jong, Cent. f. Bakt., I Abt., Orig., 188, 
1931, 277 (see also den Dooren de Jong, 
Arch. f. Mikrobiol., 4, 1933, tlb) \ BadUus 
damensis Siribaed, Jour. Inf. Dis., 67, 
1935, 143 (see also BadUus cereus 
var. siamensis Clark, Jour. Bact., SS, 
1937, 435); BadUus metiens Charlton 
and Levine, Iowa Eng. Exp. Station, 
Bull. 132, 1937, 18; (see also Levine, 
Buchanan and Lease, Iowa State Coll. 
Jour. Sci., 1,1927, 379); BadUus tropicus 
Heaslip, Med. Jour. Australia, t8, 1941, 
536. 

Neide (foe. cit.) gave the following as 
possible synonyms of BadUus lacticola: 
BadUus butyricus Hueppe, Mitteil. a. d. 
kaiserl. Gesundheitsamte, 8, 1884, 309; 
not Bacillus butyricus Mac5, Trait4 de 
Bact., Ist ed., 1888 (Clostridium butyri- 
cum Prazmowski, Untersuchungen fiber 
die Entwickelungsgeschichte und Fer- 
mentwirkung einiger Bacterien-Arten. 
Inaug. Dies., Leipzig, 1880,23); BadUus 
aureus Pansini, Arch. f. pathol. Anat. u. 
Physiol., ttt, 1890, 436 (not BadUus 
aureus Frankland and Frankland, Philos. 
Trans. Roy. Soc. London, 178, B, 1887, 
272); Bacillus lacteus Migula, Syst. d. 
Bakt., 8,1900,571 (No. 17, Lembke, Arch, 
f. Hyg., 29, 1897, 323); Bacillus gonio- 
sporus Burchard, loc. cit. 

Neide also gave the following as possible 
synonyms of Bacillus lactis: BadUus 
lutulentus Kern, loc. cit.; BacUlus ag- 
gomeratus Migula, Syst. der Bakt., 8, 
1900, 557; Bacillus amarificans Migula, 
ibid., 584; Bacillus cylindrosporus Bur¬ 
chard, Arb. bakt. Inst. Karlsruhe, 8 
1898, 31. 

Other possible synonyms of BadUus 
cereus are: BadUus anlhracoides HOppe 
and Wood, Ber. klin. Wchnschr., 16, 
1889, 347 (Kruse, in Fltigge, Die Mikro¬ 
organismen, 3 Aufl., 8, 1896, 232; Bac¬ 
terium anlhracoides Migula, Syst. der 
Bakt., 8, 1900, 281; not Bacterium an- 
thracoides Trevisan, I generi e le specie 
delle Batteriacee, 1889, 20); BadUus 
pseudanthrads Wahrlich, BakterioL 
Studien, Petersburg, 1896*91, 26 (not 
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Bacillu9 pseudanthracia Kruse, in Flttgge, 
Die Mikroorganismen, 3 Aufl., 1896, 
233; Bacterium peeudoanthraeia Migula, 
loc. cit., 282); Bacterium flexile Burchard, 
Inaug. Diss., Karlsruhe, 1897 and Arb. 
hakt. Inst. Karlsruhe, iS, 1898, 16; Bacil- 
lua ellenbachi Sawamura, Tokyo Imp. 
Univ. Coll. Agr. Bull. 7, 1906, 105; 
Bacillua hoplosternua Pail lot, (Vimpt. 
rend. Acad. Sci., Paris, WS, 1916, 772; 
Bacillua fulminana Schrire and Green¬ 
field, Trans. Roy. Soc. So. Africa, /7. 
1929, 309. 

Spores: Ellipsoidal, average size 1.0 by 
1.5 microns (considerable variation has 
been noted by various writers), central or 
paracentral, usually freely formed in 24 
hours. Germination prevailingly polar. 

Sporangia: Ellipsoidal or cylindrical, 
only slightly swollen, if at all. In short 
to long chains. 

Rods: 1.0 to 1.2 by 3.0 to 5.0 microns, 
occurring in long chains, ends square. 
Cells appear granular or foamy if lightly 
stained, especially if grown on glucose or 
glycerol nutrient agar; fat usually stored. 
Smooth strains are motile with many 
peritrichous flagella, rough strains weakly 
motile or non-motilc. Gram-positive. 

Gelatin stab; Rapid liquefaction. 

Agar colonies: Large, flat, entire or 
irregular, whitish with characteristic 
appearance by transmitted light de¬ 
scribed by various observers as ground 
glass, moire silk, or galvanized iron. 
All stages occur from the thin, spreading, 
very rough and arborescent, to the smooth 
dense form of colony. 

Agar slant: Growth abundant, usually 
non-adherent, spreading, dense, whitish 
to slightly yellowish. Old slants show 
characteristic whip-like outgrowths. 
l!k>me strains produce a yellowish-green 
fluorescence. 

Broth: Heavy uniform turbidity, with 
or without a fragile pellicle. 

Milk: Rapid peptonization, with or 
without slight coagulation. 

Blood serum: Partially liquefied. 
Hemolysis on blood agar. 


Potato: Growth abundant, thick, soft, 
creamy-white to pinkish, spreading over 
the potato. Rough strains may be 
folded and more pigmented. 

Nitrites usually produced from ni¬ 
trates. 

Starch is hydrolyzed. 

Acid (with ammoniacal nitrogen) from 
glucose, fructose, maltose, dextrin, and 
glycerol. Acid usually from sucrose and 
salicin. Usually no acid from mannose 
and lactose. No acid from arabinose, 
rhamnose, xylose, raffinose, inulin, and 
mannitol. 

Acetylmethylcarbinol produced. 

Citrates usually utilized as sole source 
of carbon. 

Optimum temperature about 3(FC. 
Maximum temperature allowing growth 
varies from 37'*C to 4S''C, usually about 
43®C. 

Aerobic. 

Source: From soil, dust, mUk, plants, 
and as contaminant of media. 

Habitat: Widely distributed. Occurs 
more often in soil than any other member 
of the genus. See Chester, Del. Agr. 
Exp. Station, 15th Ann. Report, 1903,73; 
Lawrence and Ford, Jour. Bact., /, 1916, 
284; Conn, N. Y. E-xp. Station, Tech. 
Bull. 58, 1917; Conn and Breed, Jour. 
Bact., 4y 1919, 273; Soriano, Thesis, 
Univ. Buenos Aires, 1935, 569. 

Bacillus megatherium—Bacillus 
cereus intermediates. 

.According to Smith, Gordon, and Clark 
{loc, cit.) intermediate forms occur be¬ 
tween Bacillua megaiherium axkd Bacillua 
cereus which cannot be represented by a 
distinct species. These intermediates 
are characterized morphologically by the 
early appearance on agar of shadow or dis¬ 
torted forms, long filaments, and gen¬ 
erally only a few spores. Fat globules 
are smaller and less numerous. Physi¬ 
ologically the group is erratic, showing a 
progression of characters from BaeiUua 
megatherium on the one hand to BaeiUua 
cereua on the other. Acetylmethylearbi- 
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nol and nitrites are not usually formed. 
Fermentation of the pentoses and manni- 
tol» the abUity to grow well on glucose 
nitrate agar, susceptibility to the bac¬ 
teriophage active against Bacillus 
megatherium or BaeiUue cereue and the 
general character of the growth deter¬ 
mines whether the intermediate is more 
closely related to BaeiUue megatherium 
or to Bacillus eereus. 

Bacillus cohaerens Gottheil (Cent. f. 
Bakt., II Abt., 7, 1901, 458 and 689) 
may be taken as a representative of this 
intermediate group resembling Bacillus 
megatherium more closely than Bacillus 
cereus, Gottheil gave as possible syn¬ 
onyms: Bacillus vermicularis Frankland 
and Frankland, Ztschr. f. Hyg., 5, 1889, 
384 {Bacterium vermiculare Migula, Syst. 
d. Bakt., F, 1900,302); Bacillus filiformis 
Tils, Ztschr. f. Hyg., P, 1890,293; Bacillus 
• actis alhus Eiscnberg, Bakt. Diag., 3 
Vufl., 1891, 110; Bacillus virgatus Kern, 
Arb. bakt. Inst. Karlsruhe, i, 1897, 416; 
Bacillus cylindrosporus Burchard, Arb. 
bakt. Inst. Karlsruhe, 1898, 31; Bacil¬ 
lus hipolaris Burchard, ihid.^ 34. 

Other strains which apparently belong 
to this same group are: Bacterium pansinii 
Migula, Syst. d. Bakt., 2, 1900, 303 
(Bacillus No. 3, Pansini, Arch. f. path. 
Anat«^ 122, 1890, 439; Bacterium granu- 
latum Chester, Man. Determ. Bact., 
1901,189); Bacterium tomentosum Henrici, 
Arb. bakt. Inst. Karlsruhe, 1, 1897, 40; 
Bacillus teres Neide, Cent. f. Bakt., II 
Abt., 12, 1904, 161. 

Bepresenting those strains in this in¬ 
termediate group more closely related to 
Bacillus cereue is Bacillus simplex Got¬ 
theil (loc, cit,, 685). Gottheil gave the 
following as possible synonyms: Bacillus 
vacuolosis Sternberg, Manual of Bact., 
1893, 717; Bacillus natans Kern, Arb. 
bakt. Inst. Karlsruhe, I, 1897, 413; 
Bacillus loxosporus Burchard, Arb. bakt. 
Inst. Karlsruhe, 2^ 1898, 49. 

7a. Bacillus cereus var. mycoides 
(FlOgge) comb. nov. {BaeiUue mycoides 


Fltigge, Die Mikrooiganismen, 2 Aufl., 
1886, 324.) From Greek mykes, fungus; 
eidoSf form, shape, i.e., fungus-like. 

Gottheil, Cent. f. Bakt., II Abt., 7, 
1901, 589, gave the following as probable 
synonyms: Wurzelbacillus, Eisenberg, 
Bakt. Diag., let ed., 1886, 4; Bacillus 
figurans Crookshank, Manual, 1st ed., 
1886 {Bacterium figurans Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
134); Bacillus brassicae Pommer, Mitt, 
a. d. botan. Inst, zu Graf, I, 1886, 95 
{Bacterium brassicae Migula, Syst. d. 
Bakt., 2, 1900, 296); Bacterium casei 
Migula, Syst. d. Bakt., 2, 1900, 304 
(Bacillus No. X\T, Adametz, Landw. 
Jahrb., 18, 1889, 248; Bacterium proteum 
Chester, Man. Determ. Bact., 1901, 
195); Bacillus ramosus Frankland and 
Frankland, Ztschr. f. Hyg., 6, 1889, 388 
(not Bacillus ramosus Veillon and Zuber, 
Arch. M4d. Exp. et Anat. Path., 10, 
1898, 542); Bacillus radicosus Zimmer- 
mann, Die Bakterien unseror Trink- u. 
Nutzwfisscr, etc,, I Reihe, 1890, 30 
{Bacterium radicosum Migula, Syst. d, 
Bakt., ‘IDOO, 283); Bacillus implexus 
Zimmermann, ibid. {Bacterium im- 
plexum Migula, ibid., 298); Bacillus in- 
tricatus Migula, ibid., 546 {Cladoihrix in- 
tricata Russell, Ztschr. f. Hyg., 11, 
1892, 191). 

Another possible synonym is Bacillus 
praussnitzii Trevisan (I generi e le specie 
delle Batteriacee, 1889, 20). Laubach, 
Jour. Bact., 1, 1916, 495, found that this 
differed from Bacillus mycoides only in 
the fermentation of lactose. This has 
been substantiated by later work. 

Holzmtlller (Cent. f. Bakt., II Abt., 
22, 1909, 304) described four varieties of 
Bacillus mycoides which he designated by 
Greek letters and in addition named four 
new species which were apparently only 
variations of Bacillus mycoides: Bacillus 
effusus, Bacillus oljactorius, Bacillus 
nanus and Bacillus dendroides (not Ba¬ 
cillus dendraides Thornton, Ann. Appl. 
Biol., 9,1922,247). 

Bacillus cereus var. mycoides is identi- 
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cal in all respects with BadUus eereu$ 
except in the following characters: 

Agar colonies: Grayish, thin, widely 
spreading by means of long twisted chains 
of cells, turning to the right or left. 

Agar slants: Growth thin, rhisoid, 
grayish, widely spreading, adhering to or 
growing into the agar. Later, growth 
becomes thicker and softer. 

The physiological similarity between 
BacilluB cereus and Bacillus mycoides 
has often been noted. Gordon (Jour. 
Bact., 5P, 1940, 98) showed that the 
rhizoid character of the growth of Bacil¬ 
lus mycoides was readily lost by cultiva¬ 
tion in flasks containing 100 ml of broth 
and that the resulting dissociants could 
not be differentiated from Bacillus cereus. 
It is, therefore, a question whether Ba¬ 
cillus mycoides should be given the dig¬ 
nity of a variety of Bacillus ccreus or 
merely designated as a stage of growth 
(morphotype). 

Source: Isolated from soil. 

Habitat: Widely distributed in soil. 

8. Bacillus anthracis Gohn emend. 
Koch. (Les infusories de la maladie 
charbonneuse, Davaine, Compt. rend. 
Acad. Sci., Paris, 69, 1864, 393; Cohn, 
BeitrSge z. Biol. d. Pflanzen, I, Heft 2, 
1872, 177; Koch, ibid., 2, Heft 2, 1876, 
279; Bact6ridie des charbon, Pasteur and 
Joubert, Compt. rend. Acad. Sci., Paris, 
84, 1877 , 900; Bacterium anthracis Zopf, 
Die Spaltpilze, 2 Aufl., 1884,45; Bacillus 
{Streptobacter) anthracis Schroeter, 
Kryptogamen Flora v. Schlesien, 3, 1, 
1886,163; Pollendera anthracis Trevisan, 
1884, sec Trevisan, I generi e le specie 
delle Batteriacee, 1889, 13; Bacterium 
anthracis Migula, in Engler and Prantl, 
Die naturliehen Pflanzenfam., 1, la, 
1895, 21; Aplanobacter anthracis Erw. 
Smith, Bacteria in Relation to Plant 
Diseases, 1905, 171; Bacillus (Bacteri- 
dium) anthracis Buchanan, Jour. Bact., 
3, 1918, 37.) From Greek, gen. of on- 
thrax, charcoal, a carbuncle, the disease 
:in(hrax. 


According to Smith, Gordon, and Clark 
(loe. cit.) this speciea is a pathogenic 
variety of Bacillus cereus. They worked 
extensively with the latter but not with 
many strains of Bacillus anthracis. The 
only difference between the two seemed 
to be pathogenicity and motility, and 
some strains of Bacillus cereus are weakly 
pathogenic and k>me practically non- 
motile. It would appear that Bacillus 
cereus is a so-called parent species from 
which two varieties (var. anthracis and 
var. mycoides) and several morpho- and 
bio types have sprung. 

Spores: Ellipsoidal, 0.8 to 1.0 by 1.3 to 
1.5 microns, central or paracentral, often 
in chains. Germination polar. 

Sporangia: Ellipsoidal to cylindrical, 
not swollen, in chains. 

Rods: 1.0 to 1.3 by 3 to 10 microns with 
square or concave ends, occurring in long 
chains, resemble Bacillus cereus. Cells 
from glucose or glycerol nutrient agar 
appear granular (vacuolated) if stained 
lightly; many fat globules present. Non- 
motile. Gram-positive. 

Gelatin stab: Arborescent in depth, 
inverted pine tree. Liquefaction cra- 
teriform becoming stratiform. 

Agar colonies: Large, irregular, dense, 
curled structure composed of parallel 
chains, similar to certain strains of 
Bacillus cereus. 

Agar slant: Growth abundant, grayish, 
dense, spreading, with fimbriate borders. 

Broth: Little or no turbidity, thick 
pellicle. 

Milk: Coagulated, slightly acid, pep¬ 
tonized. 

Potato: Growth abundant, spreading, 
white to creamy. 

Nitrites formed from nitrates. 

Starch is hydrolyzed. 

Acid from glucose, fructose, sucrose, 
maltose, trehalose, and dextrin. Some 
strains produce late and slight acidity in 
glycerol and salicin. No definite fer¬ 
mentation occurs in arabinose, rhamnose, 
mannose, galactose, lactose, rafhnose, 
inulin, mannitol, dulcitol, sorbitol, inoai- 
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tol, and adonitol (Stein, Vet. Med., S8, 
1943). 

Acetylmethylcarbinol produced. 

C^timum temperature about 35^C. 
Maximum temperature allowing growth 
about 43'’C. 

Aerobic, facultative. 

Pathogenic for man, cattle, swine, 
sheep, rabbits, guinea pigs, mice, etc. 

Source: From blood of infected animals. 

Habitat. The cause of anthrax in man ,* 
cattle, sheep and swine. 

^0. Bacilliis polymyxa (Prazmowski) 
Migula. {Clostridium polymyxa Praz¬ 
mowski, Inaug. Dies., Leipzig, 1880, 37; 
Migula, Syst. der Bakt., 8, 1900, 638; 
Granulobacier polymyxa Beijerinck, K. 
Akad. Wetenschap., Amsterdam, Sec. 2, 
i, 1903, No. 10; Granulobacier polymyxa 
var. mucosum and var. tenax Beijerinck 
and Van Delden, Cent. f. Bakt., II Abt., 
P, 1902, 13; further description by Gru¬ 
ber, Cent. f. Bakt., II Abt., H, 1905, 
353; Aerobadllus polymyxa Donker, loc. 
citf 138.) From Greek poly, many or 
much; myxa, slime or mucus. 

This and the species immediately fol¬ 
lowing {Bacillus macerans) are sometimes 
placed in the sub-genus Aerobadllus 
Donker emend, Kluyver and Van Neil 
(Donker, Inaug. Diss., Delft, 1926, 138; 
iduyver and Van Neil, Cent. f. Bakt., II 
Abt., H, 1936, 402; not Aerobadllus 
Pribram, Jour. Bact., 18, 1929, 374; not 
Aerobadllus Janke, Cent. f. Bakt., II 
Abt., 80, 1930,481). 

For a study of this group and a review 
of the literature see Porter, McCleskey 
and Levine, Jour. Bact., 35, 1937, 163. 
They give the following as synonyms of 
Bacillus polymyxa: Bacillus asterosporus 
Migula {Astasia asterospora Meyer, 
Flora, Erg. Bd., 34t 1897, 185; Migula, 
Syst. der Bakt., 3,1900,528; Aerobadllus 
aaterosporus Donker, loc, cit,, 141); 
BaciUus otfoaeihylicus Pribram {Bacillus 
myeindes var, ovoaethylicus Wagner, 
Ztsehr. f. Untersuch. d. Nahrungs- u. 
Qenussmittel, 5/, 1916, 234; Pribram, 
Khasifikation der Schizomyceten, Leip¬ 


zig und Wien, 1933, 86); Bacillus aero- 
sporus Greer, Jour. Inf. Dis., 43, 1928, 
508. 

Gottheil (Cent. f. Bakt., II Abt., 7, 
1901, 727) regarded the following as syno¬ 
nyms: Bacillus thalassophilus Russell, 
Ztsehr. f. Hyg., 11, 1892, 190; Bacillus 
subanaerobius Migula, Syst. der Bakt., 
3,1900,600. 

Bredemann (Cent. f. Bakt., II Abt., 
33,1909,45) admitted that the organisms. 
Bacillus asterosporus alpha, Bacillus 
dilaboides, and Bacillus clostridioides, 
named by HaselholT and himself in an 
earlier article (Landwirtsch. Jahrb., 53, 
1906, 420, 426, 432) were merely variants 
of Bacillus asterosporus. 

The following is usually considered a 
variety or strain of Bacillus polymyxa 
differing from the latter mainly in the 
production of a violet pigment on potato 
and agar in the presence of peptone: 
Bacillus violarius acetonicus Br^audat, 
Ann. Inst. Pasteur, 20, 1906, 874 (Aero- 
bacillus violarius Donker, Inaug. Diss., 
Delft, 1926, 141). 

Also a probable synonym of Bacillus 
polymyxa is Bacillus amaracrylus Viose- 
net (Bacille de Pamertume, Voisenet, 
Compt. rend. Acad. Sci., Paris, 15$, 
1911, 363; Voisenet, Ann. Inst. Pasteur, 
53, 1918, 477; Aerobadllus amaracrylus 
Donker, loc. cit., 141). The chief charac¬ 
ter in which it differs from Bacillus 
polymyxa is its ability to dehydrate 
glycerol with the formation of acrolein. 

Also a probable variant of Bacillus 
polymyxa is Bacillus pandora Corbet 
(Jour. Bact., 19, 1930, 321). The chief 
characters in which the latter differs from 
the former are the production of acid 
without gas from glucose and the lack of 
diastatic action. 

Spores: Ellipsoidal, 1.0 to 1.5 by 1.5 to 
2.5 microns, central to subterminal, wall 
usually thick and stainable. Freely 
formed. 

Sporangia: Sw'ollen, spindle-shaped 
(clostridia), sometimes clavate. 

Rods: 0.6 to 1.0 by 2.5 to 6.0 microns. 
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occurring singly or in short chains. Cells 
contain small fat globules when grown on 
glucose nutrient agar. Motile with pcri> 
trichous flagella. Gram-variable. 

Gelatin stab: Slow liquefaction. Hy¬ 
drolysis of gelatin always positive by 
Frazier technic. 

Agar colonies: Thin, inconspicuous, 
lobed, spreading over entire plate. 
Rough forms are round, whitish, and 
sometimes tough. 

Agar slant: Growth scant to moderate, 
indistinct to whitish. On glucose agar, 
the growth is much heavier, raised, 
gummy, glistening; gas is formed. 

Broth: Uniform to granular turbidity, 
flocculent to slimy sediment. Rough 
stage forms pellicle. Final pH of glucose 
broth cultures 6.2 to 6.8. 

Milk: Not coagulated, gas usually 
formed. 

Milk agar plate: Casein hydrolyzed. 

Potato: Growth moderate to abundant, 
Vhitish to light tan, potato decomposed 
with formation of gas. Growth of rough 
stains is denser and heaped up. 

Nitrites are produced from nitrates. 

Starch is hydrolyzed, Crystall ine dex- 
trins are not produced. 

Acid and gas (with amnioniacal nitro¬ 
gen) from arabinose, xylose, glucose, 
fructose, galactose, mannose, maltose, 
sucrose, lactose, trehalose, cellobiosc, 
raflinosc, melezitose, dextrin, inuliii, 
saliciii, glycerol, and mannitol. Gum is 
also usually formed. Erythritol, adoni- 
tol, dulcitol and inositol not fermented. 
With organic nitrogen no acid or gas from 
rhamnose or sorbitol (Porter, ^IcClcskey, 
and Levine, loc. cii,, also Tilden and 
Hudson, Jour. Bact., ^3, 1942, 530). 
This, however, could not be confirmed by 
Smith, Gordon, and Clark {loc. cit.) who 
found that acid and gas were produced 
from both carbohydrates. 

Heinicellulose and pectin are attacked 
(Ankersmit, Cent. f. Bakt., 1 Abt., 
Orig., JiO, 1905, 100). In glucose broth, 
ethyl alcohol and butylene-glycol are 


produced also small amounts of acetone 
and butyl alcohol. 

Acetyl met hylcarbinol is produced. 

Citrates usually not utilized as sole 
source of carbon. 

Optimum temperature about 30®C. 
No growth at 42®C to 45®C; good growth 
at 20®C, slow at J3®C. 

Not agglutinated by Bacillus macerans 
sera, results with homologous sera irregu¬ 
lar (Porter, McCleskey, and Levine, loc. 
cit,). 

Aerobic, facultative. 

Source: First isolations were from 
grain, soil, and pasteurized milk. 

Habitat: Widely distributed in \vater, 
soil, milk, feces, decaying vegetables, etc. 

In addition sec: Chester, Del. Agr. 
Exp. Station, 15th Ann. Report, 1903,65; 
Wund, Cent. f. Bakt., I Abt., Orig., 4^, 
1906, 193, 289, 385; Wahl, Cent. f. Bakt., 
II Abt., 16, 1906, 489; Ritter, Cent. f. 
Bakt., II Abt., 20, 1908,21; Meyer, Cent, 
f. Bakt., I Abt.. Orig., 49, 1909, 305; 
Brcdcmann, Cent. f. Bakt , II Abt., 28, 
1900, 41; Virtanen and Kurstom, Bio- 
chem. Ztschr., 161, 1925, 9; Stapp and 
Zycha, Arch. f. Mikrobiol., 2, 1931, 493; 
Zycha, Arch. f. Mikrobiol., 3, 1932, 194; 
Patrick, Iowa State Coll. Jour. Sci., 7, 
1933, 407. 

V^IO. Bacillus macerans Schardinger. 
(liottebazillus 1, Schardinger, Wiener 
klin. Wochenschr., 17, 1904,207; Schard¬ 
inger, Cent. f. Bakt., II Abt., 14, 
1905, 772; Aerobacillus macerans Don- 
ker, Inaug. Diss., Delft, 1926,139; Zymo- 
bacillus macerans Kluyver and Van Niel, 
Cent. f. Bakt., II Abt., 94, 1936, 402.) 
From Latin macerans, softening, macer¬ 
ating or retting. 

Porter, McCleskey, and Levine, Jour. 
Bact., 33, 1937, 163, regard the following 
as a synonym of Bacillus macerans: 
Bacillus acetoethylicum Northrup, Ashe, 
and Senior, Jour. Biol. Chem., 39, 1919, 
1 (Aerobacillus aceCoethylicus Donker, 
loc. cit.). 

The following is probably a variant of 




722 


maximal of DKTKUMINATIVK KACTERIOLOGY 


BaeiUus mactram: Aerobacillua schuyl- 
killienaia Eisenberg, Jour. Amer. Water 
Works Assoc., S4, 1942,365. It is said to 
differ from Bacillua macerana in that 
sorbitol is not fermented, hydrogen sul- 
6de is produced and gelatin is liquefied. 

Spores: Ellipsoidal, 1.0 to 1.5 by 1.5 to 
2.5microns, terminal to siibterminal; wall 
thick and stainable. 

Sporangia: Swollen terminally, clavate. 

Rods: 0.6 to 1.0 by 2.5 to 6.0 microns, 
occurring singly or in pairs, cells arc larger 
on sugar media than on sugar-free media, 
and contain a few small fat globules. 
Motile. Gram-variable. 

Gelatin stab: Liquefaction variable 
(see optimum temperature). Gelatin is 
hydrolyzed as determined by the Frazier 
technic (30®C). 

iVgar colonies: Small, thin, transparent 
to whitish, irregular, usually smooth. 

Agar slant: Growth moderate, spread¬ 
ing, inconspicuous. 

Broth: Turbid, slight sediment. In 
sugar broths some strains produce slime. 
Glucose broth cultures, pH 5.0 to 5.5. 

Milk: Acid and gtis. No visible 
peptonization. 

Milk agar plate: Casein not hydro¬ 
lyzed in one week; later usually slight 
hydrolysis. 

Fbtato: Growth indistinct, gas is 
formed and the potato is digested. 
Fruity odor sometimes produced. 

Nitrites produced from nitrates. 

Starch is hydrolyzed. 

Acid and gas from arabinose, rhaninose, 
xylose, glucose, fructose, galactose, man¬ 
nose, sucrose, maltose, lactose, trehalose, 
cellobiose, raffinose, meiczitose, dextrin, 
inulin, salicin, pectin, xylan, glycerol, 
mannitol, and sorbitol. P>ythritol, 
odonitol, dulcitol, and inositol not fer¬ 
mented (Porter, McCleskey, and Levine, 
loc, eiL). 

Produces acetone and ethyl but never 
butyl alcohol; ratio acetone to alcohol is 
1 : 2 . 

Acetylmethylcarbinol not pro<hiced. 


Citrates not utilized as sole source of 
carbon. 

Optimum temperature about 37®C. 
Good growth at 42® to 45®C and some¬ 
times slightly higher; poor growth, if any, 
at20®C. 

Differentiated from Bacillua polymyxa 
by the production of crystalline dextrine 
from starch, lack of formation of acetyl¬ 
methylcarbinol, and by growth at 42®C 
to 45®C. 

All strains agglutinated by homologous 
sera but not by Bacillua polymyxa serum. 

Aerobic, facultative. 

For additional literature, see Porter, 
McCleskey and Levine, Jour. Bact., 33, 
1937, 180. 

Source: Originally isolated from vats in 
which flax was retting. 

Habitat: Widely distributed in soil, 
water, decomposing starchy materials, 
retting flax, etc. 

/ll. Bacillus circulans Jordan. (Jor¬ 
dan, Exp. Inv., Mass. Stale Board 
Health, Part II, 1890, 831; Bacterium 
circulans Chester, Ann. Ucpl. Del. 
(?ol. Agr. p]xp. Sta., P, l(Sl)7, 92; also see 
F'ord. Jour. Bact., /, 1916, 519.) From 
Latin circulans, making round or 
circular. 

Smith, Gordon, and Clark {loc. cit.) 
consider Bacillua circulans as a complex 
(see also Gibson and Topping, Soc. Agric. 
Bact. (British), Abstr. Proc., 1938, 43) 
because of the variations in the character 
of the growth and quantitative differences 
in physiology. .\11 stages of growth may 
be found from the smooth actively motile 
strains that have motile colonies to the 
mucoid, non-spreading strains. The spe¬ 
cies is more saccharolytic than proteo¬ 
lytic, considerable variation being found 
in its action on gelatin and casein. The 
following are regarded as variants: Bacil¬ 
lua cloateroidea Gray and Thornton, Cent. 
f.Bakt., II Abt., 73,1928,93; Bewegungs- 
typus scliwarmcnder Bakterien, Russ- 
Munger, Cent. f. Bakt., I Abt., Grig., 
74^, 1938, 175; Bacillua krzemieniewaki 
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Kleczkowska, Norman and Snieszko, 
Soil Sci., Jfiy 1940,185 (a mucoid variant). 

Also probable variants: Bacillus plains 
Soriano, Thesis, Univ. Buenos Aires, 
1935, 572; Bacillus naviformis Soriano, 
ibid., 574 (not Bacillus naviformis 
Jungano, Comp. rend. Soc. Biol., Paris, i, 
1909, 122). 

Spores: Ellipsoidal, 0.8 to 1.2 by 1.1 to 
2.0 microns, terminal or subterminal. 
Spore wall thick and stainable. In some 
strains spores may be kidney-shaped and 
remnants of sporangium may adhere. 

Sporangia: Swollen terminally, clavate. 

Hods: 0.5 to 0.9 by 2.0 to 5.0 microns, 
sometimes curved, usually occurring 
singly. Cells contain small fat globules 
when grown on glucose agar. Motile, 
some strains exceedingly so. Gram- 
variablc, usually negative. 

Gelatin stab: Slow cone-shaped lique¬ 
faction, liquefied portion evaporating 
(Jordan); no liquefaction (Ford). Gela¬ 
tin hydrolyzed if tested by the Frazier 
method. 

Agar colonics: Thin, transparent, 
spreading over entire surface of plate. 
Often nearly invisible. The colonies of 
the rougher or mucoid strains are small, 
entire, whitish, non-spreading. 

Giant agar colonics: If the surfaces of 
agar plates arc dried before inoculation 
with very motile strains, instead of 
spreading as a thin layer of individual 
cells, minute rotating colonies proceed 
out from the edge of the colony, some¬ 
times becoming entirely disconnected 
from it. In moving out across the agar 
surface, non-motile cells arc left behind. 
These may grow later. Eventually the 
whole plate is covered. 

Agar slant: Growth thin, transparent, 
spreading, becoming denser. Mucoid 
strains are dense, non-spreading, entire, 
gummy and adherent. 

Broth: Light to fair turbidity with 
fiocculcnt to slimy sediment. Some 
strains do not grow perceptibly. In glu¬ 
cose broth cultures the final pll is usually 
5.0 to 5.8. 


Milk: Usually acid, slowly coagulated. 

Milk agar plate: Casein not hydro¬ 
lyzed. Weak hydrolysis with some 
strains. 

Potato: Growth is very variable, from 
none to good growth, from colorless to 
yellowish, pink, or brownish. 

Nitrites usually produced from 
nitrates. 

Starch is hydrolyzed. Crystalline dex- 
trins usually not formed. 

Acid without gas (with ammoniacal 
nitrogen) from glucose, fructose, man¬ 
nose, galactose, sucrose, maltose, raffi- 
nose, salicin, and dextrin. Usually acid 
from arabinose, xylose, lactose, glycerol, 
and mannitol. Reaction variable with 
rhamnosc and inulin. 

Acctylmcthylcarbinol not produced. 

('itrates usually not utilized. 

Methylene blue reduced and then 
reoxidized. 

Urease produced by some strains. 

Optimum temperature about 30®C. 
Maximum temperature allowing growth, 
40®(3 to A few strains will grow 

up to 52°(J. 

This species is closely related to Bacil- 
lus macerans from* which it is distin¬ 
guished by the lack of gas formation from 
carl)ohydrates and the lack of crystalline 
dextrins from starch. It is also close to 
Bacillus alvei as indicated by the key. 

Source: Found occasionally in tap 
water, Lawrence, Mass. (Jordan). 

Habitat: Widely <ii8tributed in soil, 
water, and dust. 

^12. Bacillus alvei Cheshire and 
Cheyne. (Jour. Roy. Mic. Soc., Ser. II, 
5, 1885, 592.) From Latin alveus, bee¬ 
hive. 

Probably identical with the above: 
Bacillus paraalvei Burnside, Amer. Bee 
Jour., 72, 1932,433; Burnside and Foster, 
Jour. Econ. Entomol., 28, 1935, 578. 

Spores: Ellipsoidal, 0.7 to 1.0 by 1.5 to 
2.5 microns, central to terminal. Free 
spores frequently lie in parallel arrange¬ 
ment like the rods. 
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Sporangia: Swollen, spindle-shaped to 
clavate. 

Hods: 0.5 to 0.8 by 2 to 5.0 microns. 
Cells frequently lie parallel, side by side, 
like cartridges in a clip. Usually non¬ 
capsulated and very motile. Few small 
fat globules in cells from glucose agar. 
Gram-variable (young cells Gram-posi¬ 
tive, becoming Gram-negative). 

Gelatin stab: Slow liquefaction. 

Agar colonies: Thin, translucent, 
smooth, quickly spreading as a thin layer 
over entire plate. The growth thickens 
with age. Rough and mucoid strains do 
not spread. 

Giant agar colonies: If the surfaces of 
agar plates are dried before inoculation 
with the motile strains, instead of spread¬ 
ing as a thin layer, minute bullet-shaped 
colonies proceed out from the edge of the 
colony and move across the sterile agar. 
Non-motile and sometimes motile cells 
are left behind along the path made by 
the motile colony (Smith and Clark, 
Jour. Bact., 55, 1938, 59). Eventually 
the whole plate is covered. 

Agar slant: Growth thin, inconspicu¬ 
ous, spreading, becoming thicker. Hough 
and mucoid strains do not spread, growth 
is heaped, and sometimes gummy. 

Broth: Uniform turbidity. Hough 
strains may form a pellicle. Glucose 
broth cultures have a pH of 5.0 to 6.0. 

Milk: Usually coagulated, little or no 
acid, peptonized. 

Milk agar plate: Casein hydrolyzed. 

Potato: Growth scant to moderate, soft, 
spreading, usually creamy yellow. 

Nitrites not produced from nitrates. 

Starch is hydrolyzed. 

Acid (with ammoniacal nitrogen) from 
glucose, fructose, galactose, sucrose, 
maltose, dextrin and glycerol. Reaction 
variable on mannose, lactose, rafhnose, 
salicin, and mannitol. No acid from 
arabinose, rhamnose, xylose, and inulin. 

Acetylmethylcarbinol is produced. 

Citrates not utilized. 

Optimum temperature about 30^C. 


Maximum temperature allowing growth 
43®C to 45®C. 

Putrefactive odor on media rich in 
proteins (egg). 

Aerobic. ^ 

Source: Isolated from diseased brood of 
bees. 

Habitat: Associated with European 
foulbrood of honey bees; widely distrib¬ 
uted in soil. 

Note: The following must be con¬ 
sidered in connection with Bacillus alvei: 

Bacillus pluton White. (U. S. Dept, 
of Agric., Bur. Entomol., Circ. 157,1912; 
Diplococcus pluton Bergey et al., Manual, 
2nd ed., 1925,45.) 

See also Lochhead, Science, 57, 1928, 
159andProc.IV Intern. Congr. Entomol., 
5, 1929, 1005; Burnside, Jour. Econ. 
Entomol., 57,1934,656; Tarr, Ann. Appl. 
Biol., 1935, 614; Burri, Beihefte z. 
schweiz. Beinenz., f, Heft 1,1941. 

White considered Bacillus pluton to be 
the cause of European foulbrood though 
the evidence was indirect since the organ¬ 
ism was not cultivated. Lochhead sug¬ 
gested that Bacillus pluton and Strepto¬ 
coccus apis are variants or stages in the 
life history of Bacillus alvei, a hypothesis 
supported by Burnside who included, in 
addition, Bacterium eurydice. Accord¬ 
ing to Burri, rod forms identical with 
Bacterium eurydice give rise to Bacillus 
pluton which is not directly cultivable. 
Tarr considers European foulbrood to be 
caused by Bacillus pluton, distinct from 
Bacillus alvei, and considers it a strict 
parasite able to multiply only in the 
intestines of young larvae. 

Source: Larvae of the honey bee in¬ 
fected with European foulbrood. 

\fZ. Bacillus laterosporus Laubach. 
(Jour. Bact., 1, 1916, 511.) From Latin 
latus, lateris, the side; Greek sporus, 
seed; M.L., spore. 

Synonym: Bacillus orpheus White. 
(U. S. Dept, of Agric., Bur. Entomol., 
Circ. 157, 1912, 3.) Although named by 
White, the organism was not described 
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until 1917 (McCray, Jour. Agr. Research, Bacillus brevis Migula emend, 

8f 1917,410). Resembles Bacillvs latero- ^^ord. (Bacillus No. I, Fltlgge,*Ztschr. f. 


sporus (White, U. S. Dept. Agric. Bull. 
810,1920,14). According to the rules of 
priority, the name to be used is Badllue 
Iatero8poru8, 

Spores: Ellipsoidal, 1.0 to 1.3 by 1.2 to 
1.5 microns, central to subterminal, 
formed close to one side, remnants of the 
sporangium adhering to the other side. 

Sporangia: Swollen, spindle-shaped. 

Rods: 0.5 to 0.8 by 2.0 to 5.0 microns, 
occurring singly and in pairs. Ends 
pointed or poorly rounded. Cells from 
glucose nutrient agar may have few small 
fat globules. Motile. Gram-variable. 

Gelatin stab: Slow liquefaction. 

Agar colonies: Thin, transparent, irreg¬ 
ular, spreading. Colonies of rough 
strains are small, round, convex, non¬ 
spreading. 

Agar slant: Growth moderate, flat, 
translucent to opaque, moist, sometimes 
with a silvery sheen. 

Broth: Uniform to granular turbidity; 
usually no pellicle. Glucose broth cul¬ 
tures, pH 6.0 to 6.4. 

Milk: Usually curdled, peptonized. 

Milk agar plate: Occasionally weak 
hydrolysis of casein. 

Potato: Growth thin, spreading, gray¬ 
ish to pinkish, turning light brown with 
age. Sometimes finely wrinkled. 

Nitrites produced from nitrates. 

Starch is not hydrolyzed. 

Acid (with ammoniacal nitrogen) from 
glucose, fructose, maltose, glycerol, and 
mannitol. Reaction variable on galac¬ 
tose, mannose, and salicin. No acid from 
arabinose, rhamnose, xylose, sucrose, 
lactose, raflinose, inulin, and dextrin. 

Acetylmethylcarbinol not produced. 

Citrates not utilized as sole source of 
carbon. 

Optimum temperature about 28^C. 
Maximum temperature allowing growth 
37*»C to 45^C. 

Aerobic. 

Source: Isolated from water. 

Habitat: Widely distributed in soil, 
water and dust. 


Hyg., 17f 1894,294; Bacillu8 lactie No. I, 
Kruse, in Fltigge, Die Mikroorganismen, 
3 Aufl., 1896, 208; Migula, Syst. d. 
Bakt., 1900, 583; not Bacillu8 hrevi8 
Frankland and Frankland, Microorgan¬ 
isms in Water, 1894, 429; Bacillus Jluggei 
Chester, Man. Determ. Bact., 1901, 281; 
Ford, Jour. Bact., f, 1916, 522.) From 
Latin hrevt8, short. 

Synonym: Ba4^illu8 centro8poru8 Ford, 
Jour. Bact., 1, 1916, 524. 

There is some doubt as to the identity 
of Migula's Bacillu8 brevis which origi¬ 
nally was Fliigge's Bacillus No. I. Neide 
(Cent. f. Bakt., II Abt., 12, 1904, 337) 
also renamed Fliigge’s organism. He 
called it Bacillus lactis and described it 
sufficiently that it may be recognized as 
a strain of Bacillus cereus. Ford believed 
that his isolations from milk, soil and dust 
conformed to Migula’s description of 
Bacillus brevis. Ford’s interpretation 
has been accepted. The species has ap¬ 
parently become well established in 
Europe (Gibson and Topping, Soc. Agric. 
Bact. (British), Abstr. Proc., 1938, 43) 
as well as in America. 

Description from Ford and from Smith, 
Gordon, and Clark (loc. cit.). 

Spores: Ellipsoidal, 1.0 to 1.3 by 1.5 to 
2.0 microns, central to subterminal. 
Spore walls thick and stainable. An 
occasional strain shows the relationship 
of this species to Bacillus laterosporus in 
that some of the spores may be lateral and 
remnants of the sporangia may adhere to 
one side of the spore. 

Sporangia: Definitely swollen, spindle- 
shaped to clavate. 

Rods: 0.4 to 0.8 by 1.5 to 5.0 microns, 
with pointed ends, occurring singly or in 
pairs. On glucose agar cells contain 
numerous small fat globules. Motile. 
Gram-variable. 

Gelatin stab: Slow liquefaction. 

Agar colonies: Thin, ^t, translucent, 
smooth, quickly spreading over plate. 

Agar slants: Growth smooth, moist, 
spreading, grayish white. 
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Broth: Usually heavy uniform tur¬ 
bidity, sometimes with a fragile pellicle. 
Glucose broth cultures have a pH of 8.0 
to 8.6 after 7 days. 

Milk: Peptonized. 

Milk agar plate: Casein hydrolyzed. 

Potato: Growth scant to moderate, 
flat, spreading, soft, creamy-yellow to 
pink to brownish. 

Nitrites usually formed from nitrates. 

Starch is not hydrolyzed. 

Acid (with ammoniacal nitrogen) from 
glucose, fructose, maltose, and sucrose. 
Usually acid from galactose and glycerol. 
Reaction is variable on rhamnose and 
mannitol. No acid from arabinose, 
xylose, mannose, lactose, raffinose, inulin, 
dextrin and salicin. 

With organic nitrogen, the acid formed 
from carbohydrates is masked by the 
alkalinity due to proteolysis. 

Acetylmethylcarbinol is not produced. 

Citrates usually utilized as a sole source 
of carbon. 

Optimum temperature about 30®C. 
Maximum temperature allowing growth 
varies from 43®C to 54®C. 

Produces antibiotic substances (tyro- 
thricin, gramicidin; see Dubos and 
Hotchkiss, Jour. Exp. Med., 75, 1941, 
629). 

Aerobic. 

Source: From milk (Fltigge); from 
milk, soil and dust (Ford). 

Habitat: Widely distributed in soil, 
water, dust, milk, etc. 

16. Bacillus larvae White. (Bac¬ 
terium X, Moore and White, New York 
State Dept. Agr., 11th Ann. Rept. Com. 
Agr. for 1903, 1904, 111; Bacillus X, 
Moore and White, ihtd.. Kept, for 1904, 
1906, 106; White, Thesis, Cornell Univ., 
Ithaiui, N. Y., 1905; White, U. S. Dept. 
Agr. Bur. Entomol., Tech. Ser. Bui. 14, 
1906i 82; White, U. S. Dept. Agr. Dul. 
809, 1920, 13.) From Latin lotva, a 
ghost; M. L., of a larva. 

Synonyms: BaciUu$ hrandenburgienais 
MaasBen,Mittl.a. d. kaiserl. biol..^talt 
f. Land- u. Forstw. in Dahlem, Heft 2, 


1906, 28; ibid., Heft 7, 1908, 24 pp.; Arb, 
a. d. Anstalt f. Land- u. Forstw., 5,1908. 
61; Badllua burri Cowan, British Bee¬ 
keeper’s Guide Book. 20th ed., London, 
1911, 171. 

Description from Lochhead, Sci. Agr., 
9, 1928,84. 

Spores: Ellipsoidal, central to sub¬ 
terminal. 

Sporangia: Swollen, spindle form. 

Rods: 0.5 to 0.8 by 2.5 to 5.0 microns, 
occurring singly and in chains. Motile. 
Gram-variable. 

Gelatin stab: No growth. In carrot- 
gelatin, slow liquefaction. 

Yeast-carrot agar colonies: Small, whit¬ 
ish, somewhat transparent, smooth, 
slightly glistening. 

Agar slant: No growth. With addition 
of carrot extract, noticeable growth along 
line of inoculation. More abundant 
growth if yeast extract is also added. 

Yeast-carrot broth: Fungoid in appear¬ 
ance, floating masses which may be 
broken up by shaking to produce a uni¬ 
form clouding. 

Carrot-milk: Acid with curdling. No 
peptonization. 

Potato: No growth. 

Nitrites formed from nitrates (see 
Lochhead, Can. Jour. Res., C, 16, 1937, 
79). 

Starch not hydrolyzed (carrot-starch 
agar). 

Acid (in yeast extract-peptone broth) 
from xylose, glucose, fructose, galactose, 
salicin. Slight acidity by. some strains 
from lactose and sucrose. No acid from 
mannitol or dulcitol. 

Thiamin replaces the growth factor in 
vegetable or yeast extracts, etc. (Loch¬ 
head, Jour. Bact., Ut 1942,185). 

Optimum temperature about 37^C. 
Maximum temperatufe about 45*’C. 

Source: From diseased brood. 

Habitat: Causal organism of American 
foulbrood.of honey bees. 

See in addition: White, Science, JP* 
1919,362; Sturtevant, Jour. Agr. Res., 58» 
1924, 129; Borchert, Die seuchenhaften 
Krankheiten der Hbnigbiene. Berlin, 
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1026; Sturtevant, Jour. Agr. Res.^ 
1032, 257; Hitchcock, Jour. Econ. Ento- 
mol., 1936, 895; Stoilowa, Cent. f. 
Bakt., II Abt., 99, 1938,124; Tarr, Ann. 
Appl. Biol., 96, 1938, 633; Holst and 
Sturtevant, Jour. Bact., J^O, 1940, 723. 

16. Bacillus popilliae Dutky. (Jour. 
Agr. Research, 61, 1940, 59.) From the 
genus name of the Japanese beetle, Popil- 
liajaponica Newm. 

Spores: Cylindrical, 0.9 by 1.8 microns, 
central. Free spores have not been 
observed. 

Sporangia: Swollen, spindle-shaped. 
Contains a retractile body at the broader 
pole of the cell which is about half the size 
of the spore and reacts similarly to stains. 

Rods: Unstained, 0.9 by 5.2 microns. 
Stained by crystal violet after fixing in 
Schaudinn’s solution, 0.3 by 3.5 microns. 
Non -mot ile. Gram -posi ti ve. 

Unheated egg yolk-beef infusion agar 
slants: Growth occurs as small discrete 
colonies. 

Optimum temperature about 30®C. 
Maximum temperature about 36®C. 
Aerobic, facultative. 

Source: From infected larvae. 

Habitat: Cause of type A milky disease 
of Japanese beetle, Popillia japonica. 
See Hawley and White, N. Y. Ent. Soc. 
Jour., 4S, 1935, 405. 

17. Bacillus lentimorbus Dutky. 
(Jour. Agr. Res., 61, 1940, 65.) From 
Latin lentua, slow, lingering, and morbus, 
death. 

Spores: Ellipsoidal, 0.9 by 1.8 microns, 
central. 

Sporangia: Swollen, spindle-shaped. 
No refractile granule at pole. 

Rods: Unstained, 1.0 by 5.0 microns. 
Stained by crystal violet after fixing in 
Schaudinn’s solution, 0.5 by 4.0 microns. 
No growth on artiheial media. 

Optimum temperature about 25^C. 
Maximum temperature about 30*^0. 
Aerobic, facultative. 

Source: Diseased larvae. 


Habitat: Cause of type B milky dis 
of Japanese beetle, Popillia japonica, 

. Bacillus sphaericus Neide. (Cent, 
f. Bakt., II Abt., 19, 1904, 350.) From 
Latin sphaericus, spherical. 

Neide {loc, cit.) gave the following as 
possible synonyms: Bacillus (Sirepio- 
bacter) albuminus Schroeter, in Cohn, 
Kryptogamenflora von Schlesien, 5, 1, 
1886,162; Bacillus pulrificus coli Flflgge, 
Die Mikroorganismen, 2 Aufl., 1886, 303; 
Bacillus gracilis Zimmermann, Die Bak- 
terien unserer Trink- u. Nutzwasser, 
etc., 1, 1890, 50 (Bacterium gracile Ches¬ 
ter, Man. Determ. Bact., 1901, 198); 
Bacillus butyricus Botkin, Ztschr. f. 
Hyg., 11, 1892, 421; Bacillus thalas- 
sophilus Russell, Ztschr. f. Hyg., 11, 
1892, 190; Bacillus pseudotetanicus aero- 
bius Kruse, in Fliigge, Die Mikoorganis- 
men, 3 Aufl., 9, 1896, 267 (Bacillus pseu- 
dolctanicus Migula, Syst. dcr Bakt., 2, 
1900, 626; not Bacillus pseudotetanicus 
Kruse, idem; not Bacillus pseudotetanicus 
Chester, Man. Determ. Bact., 1901, 302; 
Bacillus pseudotetanicus var. aerobius 
Chester, ibid., 303); Plectridium palu- 
dosum P'ischer, Jahj. f. Wise. Bot., 97, 
1895, 147; Pseudotetanicusbacillus, 

Tavel, Cent. f. Bakt., I Abt., 9S, 1898, 
538 (Bacillus pseudotetani Migula, Syst. 
der Bakt., 2, 1900, 598; Bacillus taveli 
Chester, loc. cit., 304). 

Also apparently identical with Bacillus 
sphaericus: Bacillus subtetanicus Migula, 
Syst. der Bakt., 9, 1900, 629; Bacillus 
lactimorbus Jordan and Harris, Jour. 
Amer. Med. Assoc., 60, 1908, 1669 (see 
also Jour. Inf. Dis., 5,1909,465); BaetZfus 
serositidis Lacorte, Memorias do Instit. 
Oswaldo Cruz, 96, 1932,1. 

There has been considerable confusion 
over the correct name to be applied to the 
non-pathogenic aerobic organisms re¬ 
sembling Clostridium ietani, Kruse (loc, 
cit,) isolated his cuture of Bacillus 
pseudotetanicus aerobius from a case of 
human tetanus. It was aerobic at ordi¬ 
nary temperatures but produced spores 
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only at higher temperatures and under 
anaerobic conditions. Migula called 
this Bacillus pseudoteianicus. Ford 
(Jour. Bact., i, 1916,620) stated that this 
name had priority over Neide’s Bacillus 
sphaericus which he thought was iden¬ 
tical. On the other hand, Tavel (be, 
eit.) isolated a pseudotetanus bacillus 
that was apparently anaerobic. Its 
spores were ellipsoidal and it formed 
more gas than the tetanus bacillus. 
Migula named this organism Bacillus 
pseudotetani. Subsequently both of 
Migula’s names have been applied to 
the aerobic organism. Bacillus pseudo- 
ieiatiicus and Bacillus pseudotetani are 
nomina dubia and Bacillus sphaericus 
should therefore be used. 

Spores: Spherical, 0.7 to 1.3 microns in 
diameter, terminal to subterminal. 
Young spores in sporangia may be oval. 
Spore wall thick; remnants of sporangium 
may adhere. 

Sporangia: Definitely swollen, clavate 
to spindle-shaped. 

Rods: 0.6 to 1.0 by 1.5 to 7.0 microns, 
occurring singly or in short chains. On 
glucose agar cells contain few small fat 
globules. Motile. Gram-variable; often 
Gram-negative with Gram-positive 
granules. 

Gelatin stab: Scant growth. No lique¬ 
faction. Gelatin hydrolyzed if tested by 
the Frazier technic. 

Agar colonies: Small, thin, fiat, translu¬ 
cent, often spreading over the plate. 

Giant agar colonies: If the surface of 
the agar is fairly dry, many strains exhibit 
minute colonies that sw^arm out from the 
point of inoculation and cover the plate 
(cf. Bacillus alvei and Bacillus circulans). 

Agar slants: Growth thin, smooth, 
spreading, translucent, becoming yellow- 
ish-browm. Growth occurs at pH 6.0. 

Broth: Uniform turbidity. Glucose 
broth cultures have pH of 8.3 to 8.6 after 
7 days. 

Milk: No change. 

Milk agar plate: Scant, if any, hydro¬ 
lysis of casein. 


Potato: Growth scant, thin, spreading, 
soft, gray, becoming yellowish-brown 
with age. 

Nitrites not formed from nitrates. 

Starch not hydrolyzed. 

No acid from carbohydrates. 

Acetylmethylcarbinol not produced. 

Citrates not utilized. 

Urease not formed. 

Salt tolerant. Growth occurs in broth 
containing 4 per cent NaCl. 

Optimum temperature about 30®C. 
Maximum temperature allowing growth 
40®C to 45®C. 

Not pathogenic for guinea pigs. 

Aerobic, facultative. 

Source: From mud of a pond, rotting 
cypress wood, rotting oak wwd, and from 
soil. 

Habitat: Widely distributed in nature. 

Bacillus rotans Roberts (Jour. Bact., 
29, 1935, 229) differs from Bacillus 
sphaericus in that it will not grow as low 
as pH 6.0 nor in broth containing 4 per 
cent NaCl. Originally characterized by 
motile colonies, this phenomenon has 
been noted with certain other members 
of the genus and with some strains of 
Bacillus sphaericus. Smith, Gordon, 
and Clark (loc. cit.) consider it a variety 
of Bacillus sphaericus. 

Source: From intestine of a termite. 

Habitat: Probably widespread in soil, 

18a. Bacillus sphaericus var. Jusi- 
Jormis comb, nov, {Bacillus fusiformis 
Gottheil, Cent. f. Bakt., II Abt., 7,1901, 
724.) From Latin/uaws, spindle;/ormis, 
shape. 

This organism differs from Bacillus 
sphaericus only in that it produces urease. 

Source: One strain isolated from Beta 
vulgaris lutea (beet). Also from milk, 
dust, soil and contaminated hirudin. 

Habitat: Widely distributed in nature. 

Bacillus loehnisii Gibson (Jour. Bact., 
29, 1935,496) is very closely related to the 
above. It* will not grow at pH 6.0 or 
below, prefers media containing urea, 
and produces nitrites from nitrates. 
Gibson {be, cit., 600) in discussing the 
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organisms of this group stated '‘each 
species contains strains dissimilar in 
several features and each is connected to 
the of hers by transitional forms”. Smith, 
Gordon, and Clark {loc, cit,) tentatively 
have placed it as a variety of Bacillus 
sphaericua. 

Source: From soil. 

Habitat; Widely distributed in soil. 

/l9. Bacillus pasteurll (Miquel) Ches¬ 
ter. (UrobacilluH pasteurii Miquel, Ann. 
Micrographie, 1880, 552; sive Bacillus 
ureaea,ihid.y2, 1890, 13, 53, 122,145,367, 
488; Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 10, 1898, 110.) Named for 
the French scientist, Louis Pasteur 
(1822-1895). 

Viehover, Cent. f. Bakt., II Abt., 39, 
1913, 209, gave the following as possible 
synonyms: Urohacillus maddoxii Miquel, 
Ann. Micrographie, 3, 1891, 275 and 305 
{Bacterium maddoxi Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 98; 
Bacillus maddoxi Chester, ibid., 10, 
1898, 110); Urobacillus leubet Beijerinck, 
Cent. f. Bakt., II Abt., 7,1901, 51. 

Synonyms according to Gibson, Jour. 
Bact., 29, 1935, 494 and 496: Bacillus 
pro6aiu5 Viehover, Cent. f. Bakt., II Abt., 
39, 1913, 209; Urobacillus psychrocar- 
tericus and Urobacillus hesmogenes Ru- 
bentschik. Cent. f. Bakt., II Abt., 66, 
1925,166 {Bacillus psychrocartericus and 
Bacillus hesmogenes Bergey et al.. Man¬ 
ual, 3rd ed., 1930, 403,404). Gibson also 
included the following as possibly identi¬ 
cal with the above although they were 
incompletely described: BoctWwswreae 11 
and III Burri, Herfeldt and Stutzer, 
Jour. Landw., 42, 1894, 329; Urobacillus 
duclauxii Miquel, Ann. Micrographie, 2^ 
1890, 53, 122, and 145; Urobacillus mad’ 
doxii Miquel, ibid., 3, 1891, 275 and 305. 

Description taken from Lohnis and 
Kuntze, Cent. f. Bakt., II Abt., 20, 1908, 
684; Gibson, Jour. Bact., 28, 1934,295and 
313; Smith, Gordon, and Clark {loc. cit.). 

This species has been designated as 
the type species of the genus Urobacillus 
Miquel (.4nn. de. Micrographie, 1889. 


517) by Enlows (U. S. Pub. Health Ser., 
Hyg. Lab. Bull. 121, 1920, 96). 

Spores: Spherical, 1.0 to 1.2 microns, 
terminal to subterminal. 

Sporangia: Prevailingly clavate. Not 
in chains. 

Rods: 0.7 to 0.8 by 1.5 to 2.0 microns 
(1.0 to 1.5 by 4.0 to 5.0 microns, Ldhnis 
and Kuntze), occurring singly or in pairs. 
Motile. Gram-variable. 

Urea gelatin stab: Slow liquefaction. 

Urea agar colonies: Small, entire, not 
characteristic. 

Urea agar slope: Growth thin, very 
little spreading, colorless or white to 
yellowdsh. Will not grow' at pH 6.0 or 
less. 

Urea broth: Moderate to heavy uni¬ 
form turbidity. Will grow wdth 4 per 
cent NaCl added. 

Nitrites produced from nitrates in urea 
nitrate nutrient broth. 

Starch not hydrolyzed. 

Carbohydrates not attacked. 

Acetylmcthylcarbinol not formed. 

Urease produced. 

Optimum temperature about 30°C, 
minimum 6®C. Maximuni temperature 
allowing growth 40®C in water bath. 
Optimum temperature for urease activity 
50®C. 

Aerobic. 

The distinguishing character of this 
species is that grow'th occurs only in 
peptone media containing urea or free 
ammonia under neutral or alkaline 
conditions. 

Source: From decomposing urine. 

Habitat: Widely distributed in soil, 
dust, manure, and sew'age. 

^20. Bacillus thermoamylolytlcus Cool- 
haas. (Cent. f. Bakt., II Abt., 75, 1928, 
344.) From Greek thermos, hot, amylon, 
starch, and lytikos, able to loose; hence, 
dissolving. Probably intended to mean 
thermophilic and starch digesting. 

Spores: Slightly elongated, ellipsoids 
0.6 by 1.5 microns, central. 

Sporangia: Cylindrical, not sw*ollen, 
not in chains. 
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Rods: 0.6 by 5 to 8 microna. Motile. 
Oram-poeitive. 

Gelatin stab: No liquefaction. 

Agar colonies: At 60^0 of two types, 
laige and small, circular, translucent, 
granular, slimy. 

Broth: Very \reak growth, no surface 
growth, no sediment. 

Milk: Not coagulated, slowly pepton- 
ised. 

Potato: Slight growth. 

Nitrites produced from nitrates. 
Starch actively hydrolyzed. 

Acid and gas from glucose, fructose, 
galactose, maltose, dextrin, starch and 
glycerol. Arabinose, xylose and manni¬ 
tol not fermented 

Tlihrmophilic, optimum temperature 
60* to 
Aerobic. 

Source: From sewage. 

Habitat: Probably in decaying matter. 

V ^21. Bacillus ktuslophilus Prickett. 
N. Y. Agr. Exp^ Sta. Tech. Bui. 147, 
1928, 38.) From Greek kaiAstds, burnt, 
red-hot; philost loving; heat-loving. 

Spores: Ellipsoidal, 0.5 by 0.6 to 0.8 
micron, terminal to sub terminal. No 
free sporei observed. 

Sporangia: Only slightly swollen if at 
all. 

Rods: On yeast extract-nutrient agar 
at 56®C, 0.7 by 2.0 to 4.5 microns, with 
rounded ends. Actively motile. Gram- 
positive. 

Gelatin stab: No growth at 20'’C. 
Liquefied at 56^0. 

Agar colonies: At 56®C, circular, con¬ 
vex, smooth. Borders entire to irregular. 
Show curled structure, strands of chains. 
Brown by transmitted light. 

Agar slant: Growth abundant, raised, 
glistening, contoured, bluish-green to 
bluish-white by transmitted light. After 
three weeks at 37*’C, growth has a distinct 
reddish-brown color, butyrous, viscid. 

Broth: Slightly turbid, no sediment. 
No surface growth, alkaline. 

Litmus milk: Rennet coagulum, pep¬ 
tonization feeble, litmus reduced. 


Potato: Amount of growth variable, 
brownish, spreading, glistening, slimy. 
Some strains do not grow. 

Nitrites produced from nitrates, often 
with the production of nitrogen. 

Starch is hydrolyzed. 

Acid from glucose and salicin. Rham- 
nose, maltose, sucrose, raffinose, manni¬ 
tol, sorbitol and inulin not fermented. 

Acetylmethylcarbinol not produced. 

Thermophilic, optimum temperature 
60*^0 to 65®C. Growth at 73®C to 75^0 
but none at 80^0 on agar slants. 

Aerobic, facultative. 

Good growth occurs in synthetic media 
containing potassium nitrate, sodium 
ammonium phosphajte, aspartic acid, and 
sodium asparaginate, respectively, as 
only sources of nitrogen with glucose as 
source of carbon. 

Source: Forty-eight cultures isolated 
from pasteurized milk at a single milk 
plant (Buffalo, N. Y.). 

Habitat: Probably originally from soil 
and dust. 

Tkermobacillus digeatana Feirer (Soil 
Sci., 2S, 1927, 50) seems to be closely 
related to the preceding. It is more 
strongly proteolytic, digesting milk com¬ 
pletely in 7 days. 

Source: Four strains isolated from soil. 

21a. Bacillua pepo Shaw. (Jour. Inf. 
Dis., 43, 1928, 473.) From Cucurhita 
pepo, the pumpkin. 

From the brief original description, 
this organism seems to vary from Bacillua 
kauatophilua only in its distinctive viscid 
or slimy character. 

Source: Two cultures isolated from 
swelled cans of pumpkin. 

Habitat: Probably found in soil and 
dust. 

/22. Bacillus thermolndifferens Wein- 
^irl. (Jour. Med. Research, $9, 1919, 
402.) From Greek ihermoa, hot and 
Latin indifferena, indifferent. Indiffer¬ 
ent to or tolerant of heat. 

Spores: Ellipsoidal, 0.5 by 0.8 micron, 
terminal. 



FAMILY BACILLACEAE 


731 


Sporangia: Cylindrical, not swollen. 

Rods: 0.7 by 2.0 to 4.5 microns, occur¬ 
ring singly and in short chains, ivith 
rounded ends. Motile. Gram-positive. 

Gelatin stab: Growth filiform. Slow 
infundibuliform liquefaction. 

Agar colonies: Circular, convex, 
smooth, entire, amorphous. 

Agar slant: Growth flat, spreading, 
glistening, translucent, butyrous, con¬ 
toured. 

Broth: Turbid, abundant sediment. 
No surface growth. 

Litmus milk: Alkaline. Litmus 
reduced. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch is hydrolyzed. 

Acid from glucose. No acid from 
lactose, sucrose or mannitol. 

Thermop hilic, optimum tempera ture 
56 °c. -fimto a7’’C. ' 

Aerobic. 

Source: Isolated from canned pumpkin. 

Habitat: Probably found in soil and 
dust, 

Thermobacillua reducians Feirer (Soil 
Sci., 25, 1927, 51) is said to resemble 
Bacillus thermoindifferens except that 
nitrites are formed from nitrates and the 
minimum temperature is 40®C. 

Source: Two strains isolated from soil. 

Thermobacillus catenatus Feirer (Soil 
Sci., 25, 1927, 53) may be related to this 
group. The description is very incom¬ 
plete. Its distinctive feature is the 
production of indole. 

I Source: Two strains isolated from soil. 

23. Bacillus thermodiastaticus Bcr- 
gey et al. (Type 1, Bergey, Jour. Bact., 
4, 1919, 304; Bergey ct al.. Manual, 1st 
ed., 1923, 310.) From Greek thermos^ 
hot and diastalikos^ separative; M. L., 
enzymatic, diastatic; hence diastatic at 
high temperatures. 

Spores: Of less diameter than that of 
the rods, ellipsoidal, central. 

Sporangia: Cylindrical. 

Rods: 0.6 to 0.7 by 2 to 3 microns, 


occurring in chains, with square en^s. 
Motile with peritrichous flagella. Gram- 
positive. 

Gelatin stab: Liquefaction. 

Agar colonies: Grayish, spreading, with 
lobate to fimbriate borders. 

Agar slant: Grb' thm, limited, 
bluish-gray. 

Broth: Turbid. 

Litmip milk: Not coagulated, pep- 
toni: d 

Potato. Growth slight, grayish. 

Nitrites produced from nitrates. 

Starch is hydrolyzed. 

Thermophilic, optimum temperature 
65®C. No growth at 50®C. Growth at 
76®C. 

Aerobic. 

Source: Isolated from dust and con¬ 
taminated milk. 

Habitat: Probably widely distributed 
in soil and dust. 

Thermohacillus diastasius Feirer (Soil 
Sci., 25, 1927, 49) differs from Bacillus 
thermodiastaticus only in that nitrites 
are not formed from nitrates (Feirer). 

Source: Two strains isolated from soil. 

24. Bacillus cylindricus Blau. (Cent, 
f. Bakt., II Abt., 16, 1905, 119.) From 
Greek kylindrikos, cylindrical. 

Spores: Somewhat elongated, 0.7 to 1.1 
by 1.8 to 2.5 microns, terminal. Remnants 
of sporangium adherent. Germination 
equatorial and oblique. 

Sporangia: Cylindrical or only slightly 
sw'ollen at end, not in chains. 

Rods: On glucose agar at 60®C, 0.8 to 
1.1 by 5.0 to 7.5 microns, occurring 
singly and in pairs. Motile with peri¬ 
trichous flagella. Cells store glycogen. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Glucose agar colonies: Grayish-white, 
entire to lobed to dentate. By trans¬ 
mitted light yellowish-brown centers 
with brownish-yellow borders. Finely 
flbrous structure. 

Glucose agar slant: Growth thin, dull, 
grayish-white. 

Litmus milk: Unchanged. 
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Potato: No growth. 

Nitrites not produced from nitrates. 

Starch not hydrolysed. 

Thermophilic, optimum temperature 
eO^toTO’^C. 

Source: Isolated from moist field soil in 
Germany. 

Habitat: Probably found in dust and 
soil. 

BadlluB calidtia Blau (Cent. f. Bakt., 
II Abt., /5,1905,134) differs so little from 
the preceding species that it cannot be 
considered as distinct. 

Source: Isolated from field soil in 
Germany (Blau). Dust, ground feeds, 
etc., about dairies and various dairy 
products (Prickett, N. Y. Agr. Exp. Sta. 
Tech. Bui. 147,1928,45). 

25. Bacillus robustus Blau. (Cent. f. 
Bakt., II Abt., 15, 1905, 126.) From 
Latin ro&usfus, oaken, hard, firm. 

Spores: Ellipsoidal, 1.0 by 1.6 to 2.2 
microns, polar to medial. Remnants of 
sporangium not adherent. Germination 
prevailingly equatorial. 

Sporangia; Ellipsoidal to cylindrical, 
not in chains. 

Rods: 1.0 to 1.2 by 3 to 4 microns, 
occurring singly and in short chains. 
Motile. Gram-positive. 

Glucose agar colonies: Circular, grey- 
white. By transmitted light brownish- 
yellow. Borders distinct, serrate to 
lobed, finely granular. 

Glucose agar slant: Growth yellowish- 
white, translucent, becoming grayish- 
white, spreading, dull. 

Potato: Growth yellowish-white, moist, 
glistening, smooth. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Thermophilic, optimum temperature 
66®C to 60®C. Grows at 65®C. 

Aerobic. 

Source: Isolated from field soil near a 
forest in Germany. 

Habitat: Probably found in soil and 
dust. 

Thermohaeillus restatua Feirer (Soil 
Sci., 55, 1927, 61) is said to correspond 


in some respects with Bacillus robustus, 
Feirer states that it is not possible to 
definitely establish the identity because 
Blau failed to record the action of Ba- 
cillus robustus on nitrates and several 
other media and did not note the produc¬ 
tion of H 2 S. 

Source: Three strains isolated from 
soil. 

25a. Bacillus losanitchii Bergey ct al. 
{Bacillus thermophilus losanitchii 
Georgevitch, Cent. f. Bakt., II Abt., 57, 
1910,164; Bergey et al., Manual, Ist ed., 
1923, 313.) Named for Losanitch, near 
Vranje. 

As far as can be determined from the 
meager description, this organism does 
not differ from Bacillus robustus except 
perhaps as to the maximum temperature 
allowing growth. Growth limits are 
45®C to 78^C. 

Source: Isolated from water of hot 
sulfur spring. Temperature of water 
83®C. 

Habitat: Probably in natural hot 
waters. 

Note: Georgevitch (Arch. f. Hyg., 75, 
1910, 201) has described a thermophilic 
aerobic spore-forming sulfur bacillus 
from a hot sulfur spring at Vranje (Ser- 
via) under the name Bacillus thermo¬ 
philus vranjensis. This does not grow 
on ordinary media unless sulfur com¬ 
pounds are added. It has a tuft of flagella 
at either end. Spores arc ellipsoidal, 
terminal, distend the rod, and show polar 
germination. 

Georgevitch (Cent. f. Bakt., II Abt., 
57, 1910,150) describes a second thermo¬ 
philic, motile, capsulated, ellipsoidal- 
spored rod from a chalybeate hot spring 
near Vranje under the name Bacillus 
thermophilus jivoini. 

26. Bacillus calldolactis Hussong and 
Hammer. (Jour. Bact., 16, 1928, 186.) 
From Latin calidus, warm, hot and lac, 
lactis, milk. 

Gorini states (R. Ist. Lombardo Sci. e 
Lett. Rend., 75, 1942, 3) that Bacillus 
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calidolactia is the same organism as 
Bacillus lactia iermophilua (sic) Gorini 
(Giorn. d. R. Soc. Ital. d’lgiene, 16, 
1894, 16). From the descriptions this 
appears to be probable. 

Spores: Ellipsoidal, of slightly greater 
diameter than the rods, terminal. 

Sporangia: Slightly swollen, clavate. 

Rods: 0.7 to 1.4 by 2.6 to 5.0 microns, 
occurring singly, in pairs and short 
chains. Non-motile. Gram-positive, 
some cells becoming Gram-negative with 
age. 

Gelatin stab: No liquefaction. 

No growth on plain nutrient agar. 

Glucose agar colonies: Thin, white, 
opaque, filamentous. 

Glucose agar slant: Growth abundant, 
cchinate, dull, white. 

Glucose agar stab: Growth abundant, 
beaded, gray. 

Glucose broth: Turbid. 

Litmus milk: Acid, coagulation. Lit¬ 
mus reduced. 

Potato: No growth. 

Nitrites produced from nitrates by 
some strains. 

Acid from glucose, lactose, fructose, 
galactose and maltose. No acid from 
inulin, sucrose or glycerol. 

Thermophilic, optimum temperature 
55®C to 65®C. No growth at 37°C. 

Aerobic, facultative. 

Source: Isolated fi^m normal pasteur¬ 
ized skim milk (Hussong and Hammer). 
Milk and milk powder (Prickett, N. Y. 
Agr. Exp. Sta. Tech. Bui. 147, 1928, 47). 

Habitat: Probably in dairy products. 

\^7. Bacillus michaelisii Prickett. 
(Bacillus thermophilua aquatilis lique- 
faciena Michaelis, Arch. f. Hyg., S6, 
1899, 285; Prickett, N. Y. Agr. Exp. 
Sta. Tech. Bui. 147, 1928, 45.) Named 
for Georg Michaelis of Berlin who first 
isolated the species. 

Spores: Of greater diameter than the 
rods, terminal. 

Sporangia: Swollen, clavate. 

Rods: 0.6 to 0.8 by 2 to 4 microns. 
Motile. Gram-positive. 


Gelatin stab: Liquefaction. 

Agar colonies: Circular, raised, smooth, 
glistening. 

Agar slant: Growth moderate, smooth, 
glistening. 

Broth: Slight turbidity. 

Milk: Not coagulated, alkaline. 

Potato: Growth moist, glistening, yel¬ 
lowish, becoming brownish. 

Nitrites with gas produced from 
nitrates. 

Starch is hydrolyzed. 

Acid from glucose and sucrose. No 
acid from rhamnose, maltose, lactose, 
glycerol, mannitol or inulin. 

Thermophilic, optimum temperature 
50®C to 60®C. 

Aerobic, facultative. 

Source: Isolated from fountain waters 
(Michaelis). From fodder, dust, dairy 
utensils (Prickett). 

Habitat: Probably found in soil and 
dust. 

27a. Bacillus lobatus Bergey et al. 
(Type 3, Bergey, Jour. Bact., 1919,304; 
Bergey et al., Manual, 1st ed., 1923,311.) 
From Greek lobatos, having the form of a 
lobe. 

Judging from the meager description, 
there is no essential difference between 
this organism and the preceding. 

Source: Isolated from dust, soil, and 
horse manure. 

Habitat: Probably widely distributed 
in soil and decaying matter. 

Bacillus nondiastaticus Bergey et al. 
(Type 2, Bergey, Jour. Bact., 4t 304; 
Bergey et al.. Manual, 1st ed., 1923,310.) 
From Greek, no diastase. 

The description of this organism is 
practically identical with Bacillus loha- 
tus, the only difference noted being that 
this species hydrolyzes starch while 
Bacillus nondiastaticus does not. 

Source: Isolated from dust and soil 
(Bergey). Ground grains, raw and pas¬ 
teurized milk (Prickett, N. Y. Agr. Exp. 
Sta. Tech. Bui. 147, 1928,47). 

Thermobacillus vulgaris Feirer (Soil 
Sci., 6S, 1927, 50) liquefies gelatin, does 
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not reduce nitrates to nitrites nor alter 
litmus milk. According to Feirer it is 
otherwise similar to Bacillm nondiaata- 
tieua. 

Source: Two strains isolated from soil. 

27b. Bacillus thermononliquefaciens 
Bergey et al. (Type 4, Bergey, Jour. 
Bact., 4,1919,304; Bergey et al., Manual, 
Ist ed., 1923,312.) From Greek thermos, 
hot; and Latin non, not and liquefaciens, 
making liquid. Probably intended to 
mean thermophilic and non-gelatin- 
liquefying. 

Aside from the non-liquefaction of 
gelatin, there seems to be no difference in 
the description of this organism and the 
two immediately preceding. 

Source: Isolated from dust, soil, and 
horse manure. 

Habitat: Probably found in soil and 
decaying matter. 

28. Bacillus thennotranslucens Bergey 
et al. (Type 5, var. b, Bergey, Jour. 
Bact., 4) 1919,304; Bergey et al.. Manual, 
1st ed., 1923,312.) From Greek thermos, 
hot and Latin translucens, translucent. 
Probably intended to mean thermophilic 
and translucent. 

Spores: Of larger diameter than the 
rods, terminal. 

Sporangia: Terminally swollen, clavate, 
not in chains. 

Rods: 0.3 to 0.4 by 1.0 to 1.5 microns, 
occurring singly. Motile with peritrich- 
ous flagella. Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies: Thin, transparent, 
spreading widely. 

Agar slant: Growth thin, spreading, 
veil-like. 

Broth: Turbid. 

Litmus milk: Not coagulated, slightly 
acid. 

Potato: No growth. 

Nitrites not produced from nitrates. 

Starch slightly hydrolyzed. 

Thermophilic, optimum temperature 
6CPC. Slight growth at No growth 

at 70*C. 


Aerobic. 

Source: Isolated from guinea pig feces, 
dust and from cheese. 

Habitat: Probably found in soil and 
decaying matter. 

Thermobacillus linearius Feirer (Soil 
Sci., £S, 1927, 53) is said to be similar in 
some respects to the preceding. Feirer 
states that formation of acid from several 
sugars is the distinctive feature of this 
species, a character not mentioned by 
Bergey. 

Source: Five strains isolated from soil. 

28a. Bacillus stearothermophilus Donk. 
(Jour. Pact., 6, 1920, 373.) From Greek 
stear, tallow and (hermophilos, heat- 
loving. Intended meaning obscure. 

From the descriptions, the vegetative 
rods of this organism seem to be slightly 
larger than the preceding, otherwise no 
difference is noted. 

Source: Isolated from samples of 
spoiled canned corn and string beans. 

Habitat: Probably found in soil and 
dust. 

28b. Bacillus aerothermophilus Wein- 
zirl. (Jour. Med. Research, S9, 1919, 
403.) From Greek aeros, air and ther- 
mophilus, heat-loving. Probably in¬ 
tended to mean aerobic and thermophilic. 

There is nothing in the original account 
of this organism which is at variance 
with that of the preceding. 

Source: Isolated from canned string 
beans (Weinzirl). From milk, w'ater, 
hay, dust, beef extract, and agar (Prkk- 
ett, N. Y. Agr. Exp. Station Tech. Bull. 
147,1928,46). 

Habitat : Probably found in soil and 
dust. 

Thermobacillus alcalinus Feirer (Soil 
Sci., £5, 1927, 52) is'said to differ from 
the preceding in that it does not change 
litmus milk. 

Source: Four strains isolated from soil. 

Thermobacillus ruber Feirer (Soil Sci., 
2S, 1927,52) apparently is closely related 
to this group. Its distinguishing char¬ 
acter is the production of a pink pigment 
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in meat, brain, and blood serum, no color 
on other media. 

Source: Isolated from soil. 

29. Bacillus thermocellulolytlcus Cool- 
haas. (Cent. f. Bakt., II Abt., 76, 1928, 
43.) From Greek thermos, hot; and 
Latin cellula, a small room; M. L., cellu¬ 
lose and Greek lytikoa, dissolving. Prob¬ 
ably intended to mean thermophilic and 
cellulose-digesting. 

Spores: Ellipsoidal, 0.8 by 1.5 microns, 
terminal. 

Sporangia: Terminally swollen, clavate. 

Rods: 0.3 by 3.5 to 6 microns, occurring 
singly and in pairs. No reserve material. 
Non-motile. Gram-positive. 

Gelatin stab: No liquefaction. 

Glucose agar colonies: Small, glisten¬ 
ing, translucent. 

Cellulose agar colonies: Circular, bor¬ 
ders undulate to lobate. 

Broth: Slight growth, no surface growth 
or sediment. 

Milk: No growth. 

Nitrites not produced from nitrates. 

Starch is hydrolyzed. 

No acid from carbohydrates. 

Cellulose hydrolyzed. 

Thermophilic, optimum temperature 
50®C to 55®C. Maximum 60°C to 65®C. 
Minimum 35®C to 37°C. 

Aerobic, facultative. 

Source: Isolated from sewage. 

Habitat: Probably found in decaying 
matter. 

Bacillus thermoalimentophilus 

Weinzirl. (Jour. Med. Research, 39, 
1919, 404.) From Greek thermos, hot; 
Latin alimentum, food; and Greek 
philoa, loving. Loving hot food. 

Spores: Ellipsoidal, 0.8 by 1.0 micron, 
terminal. 

Sporangia: Swollen, clavate, not in 
chains. 

Rods: 0.6 by 3.0 microns, occurring 
singly, with rounded ends. Motile, 
flagella not stated. Gram-positive. 

Gelatin stab: No growth at 20®C. 


Agar colonies: Circular, raised, smooth, 
amorphous, entire. 

Agar slant: Growth spreading to effuse, 
smooth, glistening, butyrous. 

Broth: Turbid, surface ring. 

Litmus milk: Unchanged. 

Potato: No growth. 

Nitrites with gas produced from ni¬ 
trates. 

Starch not hydrolyzed. 

Neither acid nor gas from glucose, lac¬ 
tose, sucrose or mannitol. 

Thermophilic, optimum temperature 
55®C. No growth at 20®C. Growth at 
37®C. 

Aerobic. 

Source: Isolated from canned blueber¬ 
ries (Weinzirl). Pasteurized milk and 
filter cloth (Prickett, N. Y. Agr. Exp. 
Sta. Tech. Bui. 147, 1928, 46). 

Habitat: Probably found in soil and 
dust. 

Thermobacillua violaceus Feirer (Soil 
Sci., 33, 1927, 62) corresponds in some 
respects with the preceding. Feirer also 
states that his cultures did not reduce 
nitrates to nitrites and produced acid on 
glucose and sucrose. 

Source: Four strains isolated from soil. 

31. Bacillus thermoliquefacieus Ber- 
gey et al. (Type 5, var. a, Bergey, Jour. 
Bact., 4, 1919,304; Bergey et al., Manual, 
Isted., 1923,313.) From Greek thertnoa, 
hot, and Latin liquejaciena, liquefying. 
Probably intended to mean thermophilic 
and gelatin-liquefying. 

Spores: Ellipsoidal, polar, of greater 
diameter than the rods. 

Sporangia: Terminally swollen, clavate. 

Rods: 0.2 to 0.4 by 2 to 3 microns, 
occurring singly, with rounded ends. 
Motile with peritrichous flagella. Gram¬ 
positive. 

Gelatin stab: Liquefaction. 

Agar colonies: Moderately dense, 
lobate. 

Agar slant: Growth dense, grayish, 
lobate to fimbriate margins. 

Litmus milk: Goagulated, acid. Lit¬ 
mus reduced. 



736 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Potato: No growth. 

Nitrites and ammonia produced from 
nitrates. 

Starch not hydrolyzed. 

Thermophilic, optimum temperature 
60*C. Slight growth at 37®C. No growth 
at 70*C. 

Aerobic. 

Source: Isolated from dust, guinea pig 
feces and horse manure (Bergey). Water 
and milk (Prickett, N. Y. Agr. Exp. Sta. 
Tech. Bui. 147, 1928, 47). 

Habitat: Probably originally from soil 

nd dust. 

32. Bacillus tostus Blau. (Cent. f. 
Bakt., II Abt., 15, 1906, 130.) From 
Latin (ositia, parched, dried. 

Spores: Ellipsoidal, 0.8 to 1.6 by 1.5 
to 2.2 microns. Germination prevail 
ingly polar. 

Sporangia: Terminally swollen, clavate, 
not in chains. 

Rods: 1.2 by 4.5 to 5.0 microns, occur¬ 
ring in pairs and in short chains. Cells 
store glycogen. Motile with peritrichous 
flagella. 

Agar colonies: Small, circular, dense. 
By transmitted light bright yellow to 
yellowish-brown. Borders sharp, entire 
to lobate. Older colonies porcelain4ike. 

Agar slant: Growth thin, grayish-white, 
spreading, smooth, glistening. 

Potato: No growth. 

Nitrites not produced from nitrates. 

Starch is hydrolyzed. 

Ammonia is produced. 

Thermophilic, optimum temperature 
60®C to 70®C. 

Aerobic. 

Source: Two cultures isolated from 
soil in Germany. 

Habitat: Probably found in soil and 
dust. 

33. Bacillus vlrldulus (Migula) Bergey 
et al. {BacilluB tkermophilua II Rabino- 
witsch, Ztschr. f. Hyg., 50, 1895, 154; 
Bacterium viridulum Migula, Syst. der 
Bakt.,5,1900,343; Bacterium thermophi- 
lum II Chester, Miuiual, 1901,186; Bacil^ 
luB thermophilui Bergey et al.. Manual, 


1st ed., 1923, 315; Bergey et al.. Manual, 
4th ed., 1934, 464; not Bacillus thermo- 
philus Miquel, Ann. d. Microg., i, 1888, 
6; not Bacillus thermophilus Chester, 
Man. Determ. Bact., 1901, 265.) From 
Latin, dim. adj. viridis, green, some¬ 
what green. 

Spores: Spherical, central. 

Sporangia: Cylindrical, not swollen. 

Rods: Rather large, slightly bent, 
occurring singly ahd in pairs. Non- 
motile. Gram-positive. 

Agar colonies: Irregular, spreading, 
granular, greenish. 

Broth: Alkaline. 

Potato: Growth grayish-yellow; margin 
undulate. 

Nitrites not produced from nitrates. 

Starch is hydrolyzed. 

Thermophilic, grows at 60®C to 70®C. 
Optimum temperature 62®C. Grows at 
33®C. 

Aerobic, facultative. 

Source: Isolated from soil, snow, feces, 
corn grains. 

Habitat: Probably found in soil and 
dusti 

Appendix: The following additional 
aerobic spore-forming bacteria are found 
in the literature. Because of insufficient 
data it has not been possible to classify 
them. Some of these may be synonyms 
of well-known species, some may be 
varieties, wffiereas others may actually be 
separate species. 

Aromabacillus weigmanni Omeliansky. 
(Isolated by Weigmann, 1890; Omelian¬ 
sky, Jour. Bact., 8, 1923, 398.) From 
milk. 

Bacillus abysseus ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 5, 1944, 273.) Subterminal 
spores. From marine mud. 

Bacillus acidifaciens Patrick and 
Werkman. (Iowa State Coll. Jour. Sci., 
7, 1933, 413.) One of a group charac¬ 
terized by the fermentation of xylan. 
A single culture isolated from decayed 
maple wood. 

Bacillus acidificans presamigenes casei 
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Goriiii. (lleud. R. Accad. deiLincci. 

1928, 598.) From manure, fodder and 
milk. Regarded by Goriiii (peisonul 
communication, 1925) as identical \ivith 
Bacilhis circulans Jordan. 

Bacillus acido-proteolyticus casei 
Gorini. (Lc Lait, 9, 1912, 98.) From 
Parmesan and Emmenthal cheese. Re¬ 
garded by Gorini (personal communica¬ 
tion, 1925) as equivalent to one of the 
species of Tyroihrix of Duclaux. 

Bacillus adametzi Trevisan. (Braiiner 
Wasscrbacillus, Adametz and Wiehmann, 
Alittheil. d. oesterr. Versuchsstat. f. 
Braucrei u. Malzerei, Wien, Heft 1,1888, 
51; Trevisan, I generi e le specie delle 
Battcriacee, 1889, 19; not Bacillus 
adametzii Migula, Syst. d. Bakt., 2,1900, 
686; Bacillus brunnevs Eisenberg, Bakt. 
Diag., 3 AuH., 1891, 112; Bacterium hruti- 
ueinn Aligula, ibid., 331; not BacleriujK 
brunnenevm Schroctor, in Cohn, Beitr. 
z. Biol. d. P/lanz., /, Heft 2, 1882, 125.) 

, From water. 

Bacillus adhacrens Laubach. (Jour. 
Bact., 1, 1916, 503.) One culture iso¬ 
lated from dust. 

Bacillus aegyptiacus Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 459.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from Egyptian soil. 

Bacillus aerijaciens Steinhaus. (Jour. 
Bact., 4^, 1941,782.) Author states that 
it probably belongs to the Aerobacillus 
group. From triturated specimens of the 
white cabbage butterfly (Pieris rapae). 

Bacillus aerobius von Wahl. (Cent. f. 
Bakt., II .\bt., 78, 1906, 496.) Reported 
to resemble Bacillus mesentericus fuscus. 
From canned peas. 

Bacillus aerophilus Fliigge. (Flugge, 
Die Mikroorganismen, 2 Aufl., 1886, 321; 
Bacterium aerophilum Chester, Man. De¬ 
term. Bact., 1901, 191.) From dust. 

Bacillus afanassiefH Trevisan. (Ra- 
cillus tussis convulsivae Afanassief, St. 
Petersburg, nied. Wochnschr., 1887, No. 
38-42; not Bacillus tussis convulsivae 
Lehmann and Neumann, Bakt. Diag., 4 
Aufl., j?, 1907, 269; Trevisan, I generi e le 
specie delle Batteriaceo, 1889, 13; Ba¬ 


cillus pertussis Migula, Sysi. d. Bakt., 2, 
1900, 754.) From mucus and pus. 

Bacillus agilis Tschistowitsch. 
(Tschistowitsch, Berl. klin. Wochnschr., 
1892, 512; not Bacillus agilis Trevisan, I 
generi e le specie delle Batteriaoee, 1889, 
14; not Bacillus agilis Chester, Man. 
Determ. Bact.; 1901, 226; not Bacillus 
agilis Mattes, Sitzungsber. d. Gesellsch. 
z. Beforderung d. gesam. Naturw. z. 
Marburg, 62, 1927, 406; not Bacillus 
agilis Hauduroy et al.. Diet. d. Bact. 
Path., Paris, 1937, 33.) From pu.<. 

Bacillus agilis Hauduroy et al. {^Ba¬ 
cillus agilis larvae Toiimanoff, Bull. 
Soc. Cent, de Med. V<^t6r., 80, 1927, 367; 
Hauduroy, Ehringer, Urbain, Guillot 
and Magrou, Dictionnaire de Bact^ries 
Pathog5nes, Paris, 1937, 33.) Found in 
foul brood of bees. 

Bacillus agrestis Werner. (Cent. f. 
Bakt., II Abt., 87, 1933,468; not Bacilhis 
agrestis de Rossi, Microbiol, agraria e 
technica, Torino, 1927, 828.) One of a 
group of species described as boin^ able 
to grow on a Ca n-butyrate agar. Three 
cultures were isolated from German 
and Italian soils. 

Bacillus agri Laubach and Rice. 
(Jour. Bact., 1, 1916, 516.) Isolated 
twice from soil in Baltimore. 

Bacillus agrophilus Stuhrk. (Cent. f. 
Bakt., II Abt., 9S, 1935, 189.) Only 
moderate growth on Ca n-butyrate agar. 
One culture isolated from soil Trom Cuba. 

Bacillus agrotidis typhoides Pospelov. 
(Kept. Bur. Appl. Ent., Russian, S, 
1927, 8.) Found in diseased larvae of 
the moth, Euxoa (Agroiis) segetum. 

Bacillus (Streptobacter) albuminis 
Schroeter. (Bacillus aus Faeces V, Bien- 
stock, Ztschr. f. klin. Med., 8, Heft 1, 
1884, 1; Schroeter, in Cohn, Kryptog. 
Flora V. Schlesien, 5, 1, 1886, 162; Ba¬ 
cillus putfificus coli FlUgge, Die Mikro¬ 
organismen, 2 Aufl., 1886, 303; Bacillus 
diapkthirus Trevisan, I generi e le specie 
delle Batteriacee, 1889,15.) From feces. 

Bacillus albus (Sack) Bergey et al. 
(Cellulomonas albus Sack, Cent. f. Bakt., 
II Abt., 62, 1924, 79; Bergey et al., Man- 
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uhI. 3rd cd., 1U30, 3U8; not BacUlua albus 
Trevisan, 1 gciieri e Ic specie dellc 
Batteriacee, 1889, 14; not Bacillus albus 
Copeland, Report Filtration Comm., 
Pittsburgh, 1899, 344.) Cellulose is 
hydrolyzed. From soil in Germany. 

Bacillus alcalophilus Vedder. (Ned. 
Tijdschr. v. Hyg. Microbiol, en Serolog., 
/, 1934, 141.) Grows only in and on 
highly alkaline culture media. Sixteen 
strains isolated from the feces of healthy 
animals. 

Bacillus alopecuri Nogtev. (Botani- 
cheskii Zhurnal, U.S.S.ll., 23^ 1938,149.) 
Causes nodule formation on fox grass 
(Alopecurus pratensis). 

Bacillus alpha Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 366.) From the air. 

Bacillus alpinus Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 465.) Good 
growth on calcium salts of formic, acetic, 
propionic and butyric acids. One cul¬ 
ture isolated from soil from Austria. 

Bacillus alveolaris Ksenjoposky. (Re¬ 
view of pests of Volhymia, Volhymia Ent. 
Bur., Zemstvo of Volhymia, Zitomir, 
1916, 24 pp.) From diseased bees (Apis 
meUifera), 

Bacillus aniarus Hammer. (Iowa Agr. 
Exp. Station Res. Bull. 52, 1919, 198.) 
From evaporated milk. 

Bacillus aminovorans den Dooren de 
Jong. (Cent. f. Bakt., II Abt., 7/, 1927, 
215.) From soil. 

Bacillus amyloaerobius Crimi. (Abst. 
in Cent. f. Bakt., II Abt., 61, 1924, 63.) 
From potato rot. 

Bacillus amylolyticus Kellerman and 
McBeth. (Cent. f. Bakt., II Abt., SI, 
1912, 490.) Decomposes collulose. One 
culture isolated from manure. 

Bacillus annuliformis Migulu. (Fa- 
denUhnlicher Bacillus, Maschek, Bakt. 
Untersuch. d. Leitmeritzer Trinkwasser, 
Leitmeritz, 1887; Migula, Syst. d. Bakt, 
2, 1900, 783.) From water. 

Bacillus anthracis similis McFarland. 
(Cent, f; Bakt., I Abt., 24 , 189S, 556.) 
From dust. 

Bacillus apicum Canestrini. (Atti 
Soc. Ven. Trent. Sci. Nat., 91; according 


to Kruse, in Fltlgge, Die Mikroorganis- 
men, 3 Aufl., 2, 1896, 233.) From dis¬ 
eased bees and their larvae. 

Bacillus aporrhoeus Fuller and Nor¬ 
man. (Jour. Bact., 4^, 1943,277.) From 
soil. Decomposes cellulose. 

Bacillus arachnoideus Migula. (Bacil¬ 
lus No. Ill, Fltigge, Ztschr. f. Hyg., 17, 
1894,294; Bacillus lactis No. Ill, Kruse, 
in Fliiggc, Die Mikroorganismen, 3 And., 
2, 1896, 208; Migula, Syst. d. Bakt., 2, 
1900, 583; Bacterium lacteum Migula, 
ibid,, 321.) From milk. 

Bacillus arenarius Stiihrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 187.) Good 
growth on Ca n-butyrate agar. One 
strain isolated from Cuban soil. 

Bacillus aridus Migula. (Bacillus No. 
8, Pansini, Arch. f. path. Anat., 122, 
1890, 444; Migula, Syst. d. Bakt., 2, 1000, 
559.) From sputum. 

Bacillus arlongii (sic) DeToni and 
Trevisan. (Bacillus de la septiedmie 
gangr6neuse, Arloing and Chauveau, see 
Crookshank, Man. of Bact., 3rd ed., 1890, 
305; DeToni and Trevisan, in Saccardo, 
Syllog’e Fungorum, 8, 1889, 950.) From 
wounds in gangrenous septicaemia. 

Bacillus asiaticus Sakharoff. (Sak- 
haroff, Ann. Inst. Past., 8, 1893, 550; 
not Bacillus asiaticus Castellani, Cent, f. 
Bakt., I Abt., Orig., 66, 1912, 262.) 
From feces in a case of cholera. 

Bacillus asteris Verona. (Riv. Pat. 
Veg., 26, 1935, 15.) Pathogenic for 
China aster (Aster chinensis). 

Bacillus asthenogenes Bernard. (Ann. 
Inst. Past., 36, 1921, 459.) Grows aero¬ 
bically as well as anaerobically. Under 
anaerobic conditions it is said to 
play a role in gastric derangement 
and infection commonly confused with 
beriberi. Author reports that it is very 
similar to Bacillus megatherium. 

Bacillus aterrimus tschitensis Kli¬ 
menko. (Cent. f. Bakt., II Abt., 20, 
1908, 1.) Reported to be like the black 
potato bacillus except that it forms a 
black pigment on gelatin and the potato 
is brown instead of black. From air. 

Bacillus aurantius (Sack) Bergey et al. 
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(Cellulomonaa auraniiua Sack, Cent. f. 
Bakt., II Abt., 1924,78; Bergey et al., 
Manual, 3rd ed., 1930, 421; not Bacillus 
aurantius Trevisan, I generi e le specie 
delle Batteriacee, 1889, 19.) From soil. 

Bacillus badius Batchelor. (Jour. 
Bact., 1919, 26.) From the intestinal 
tract of children. 

Bacillus halcanus Bartels. (Cent. f. 
Bakt., II Abt., lOS, 1940, 26.) Growth 
on media containing m/60 phenol. Eight 
strains isolated from soil. 

Bacillus barhitistes Statelov. (Mitt, 
bulg. ent. Gesells., 7,1932,66-61.) From 
diseased tettigonids (Isophya (Barbi- 
tistes) amplipennis). 

Bacillus batatae Otani. (Trans. Tot- 
tori Soc. Agric. Sci., Japan, 6, 1939,222.) 
From rotten sweet potatoes (Ipomaea 
batatas). 

Bacillus bellus Hcigener. (Cent. f. 
Bakt., II Abt., .93,1935,96.) Probably a 
strain of Bacillus brevis. One culture 
isolated from garden soil of Germany. 

Bacillus bernensis Lehmann and Neu¬ 
mann. (Aromabacillus, Burri, Cent. f. 
Bakt., II Abt., 3, 1897, 609; Lehmann 
and Neumann, Bakt. Diag., 2 Aufl., 2, 
1899,304; Bacillus odoratus Migula, Syst. 
d. Bakt.,1900,686; Bacterium odoratum 
Omeliansky, Jour. Bact., 8, 1923, 394.) 
From p]mmenthal cheese. Reported as 
producing the aroma of this cheese. 

Bacillus beta Dyar. (Ann. N. Y. 
Acad. Sci., 3, 1895, 366.) From dust. 

Bacillus betainovorans Heigcner. 
(Cent. f. Bakt., II Abt., 33, 1935, 94.) 
Good growth on betaine and valine agar. 
One culture isolated from soil from 
Mantua. 

Bacillus betanigrificana Cameron, Esty 
and Williams. (Food Research, i, 1936, 
76.) From blackened canned beets 
where juice contains an abnormally high 
amount of iron. 

Bacillus biacutum Soriano. (Revista 
del Inst. Bacteriol., Univ. Buenos Aires, 
3,1935, 664.) From soil. 

Bacillus bombycis Macchiati. (Des 
vibrions, Pasteur, l^jtudcs sur la maladie 
des vers k soie, La Flacherie, Chapitre 


II, Paris, 1870; Macchiati, Stazioni 
sperimentoli Agrarie Italiane, 30, 1891, 
121; not Bacillus bombycis Chatton, 
Compt. rend. Acad. Sci., Paris, 1913, 
1708; Bacillus megaterium bombycis Saw- 
amura, Tokyo Imp. Coll. Agric. Bull., 3, 
1905, 376.) Pasteur originally isolated 
this large bacilljus from the intestine of 
silkworms {Bombyx mori) suffering from 
w'ilt disease. Regarded by Sawamura as 
a variety of Bacillus megatherium. 

Bacillus bombycis non-liquefaciens 
Paillot. (Ann. Epiphyt., 3, 1922, 131; 
L*infection chez les insectes, 1933 , 288.) 
Larvae of the gypsy moth {Lymantrin 
dispar) arc immune to this bacillus. 

Bacillus bombycoides Paillot. (Compt. 
rend. Acad. Agr France, 28, 1942, 158.) 
Causes lesions because of a bacterial 
toxin. From infected silkworms. 

Bacillus bombyscplicus Hartman 
(Lingnan Sci Jour., /O, 1931, 280.) 
Causes a disease of the silkworm (Bom- 
byx mori). 

Bacillus borborokoites ZoBell and Up- 
ham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 3, 1944, 274.) Cen¬ 
tral sjwres. From marine bottom 
deposits. 

Bacillus borstelensis Stiihrk. (Cent, 
f. Bakt., II Abt., 33, 1935, 179.) Grows 
well on (^a n-butyrate agar. Resembles 
Bacillus rufescens of the same group 
except that it docs not show the typical 
brown coloration of media. Two strains 
isolated from soil? in Germany. 

Bacillus bredemannii Chester. (Ba¬ 
cillus adhaerens Stiihrk, Cent. f. Bakt., 
II Abt., 33, 1935, 183; not Bacillus 
adhaerens Laubach, Jour. Bact., i, 1916, 
503; Chester, in Manual, 5th cd., 1939, 
676.) Weak growth on Ca n-butyratc 
agar. One strain isolated from Cuban 
soil. 

Bacillus bronchitidis Migula. (Ba¬ 
cillus der putriden Bronchitis, Lumnit- 
zer. Cent. i. Bakt., 3,1888,621; Bacillus 
bronchitidis putridae Lumnitzer, Wien, 
med. Presse, 1888, 666; Migula, Syst. d. 
Bakt., 3,1900, 641; Bacterium lumnitzeri 
Chester, Man. Determ. Bact., 1901,120.) 
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From sputum in cases of putrid bron¬ 
chitis. 

Bacillus bruncua Migula. (Maschek, 
Bakt. Untersuch. d. Leitmeritzer Trink- 
wasser, 1887; Migula, Syst. d. Bakt., f, 
1900, 835; not BacUlua hrunneua Eisen- 
berg, Bakt, Diag., 3 Aufl., 1891, 142.) 
From water. 

Bacillus hrunneus Eisenberg. (Brauner 
Wasserbacillus, Adametz and Wich> 
mann. Die Bakt. d. Nutz- u. Trink> 
wasser, Mitth. Oesterreich. Ver- 
suchssta. f. Brauerei u. Malzerei, Wien, 
Heft 1,1888, 51; Eisenberg, Bakt. Diag., 
3 Aufl., 1891, 142; not Bacillus hrunneus 
Schroeter, in Cohn, Kryptog. Flora v. 
Schlesien*, 5, 1, 1886, 158; Bacterium 
hrunneum Migula, Syst. d. Bakt., 
1900, 331.) From water. Non-motile. 

Bacillus hutlerovii Serbinow. (V6st. 
Russ. ob§c. pcelovod. (Messager de la 
Soc. russe d’Apiculture), No. 3 and No. 
11, 1912; see Rev. Appl. Entomol., Ser. 
A, 1, 1913, 94 and 441.) From black 
brood of bees. 

Bacillus butschlii Schaudinn. (Arch, 
f. Protistenkunde, f, 1902, 306.) Char¬ 
acterized by its large size (3.0 to 6.0 by 
24.0 to 80.0 micronic) and granular proto- 
pljusm. From the intestine of a cock¬ 
roach (Blatta (Periplaneta) orientalis). 

Bacillus butyricus Hueppe. (Hueppe, 
Mitteil. kaiserl. Gesundheitsamte, By 
1884, 309; not Bacillus butyricus Mac4, 
Trait4 de Bact., 1st ed,, 1888; not Bacil- 
lus butyricus Botkin, Ztschr. f. Hyg., If, 
1892, 421; Clostridium hueppei Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 22; Bacillus pseudobutyricus Kruse, 
in Flflgge, Die Mikroorganismen, 3 
Aufl., f, 1896, 207; Bacillus hueppei 
Chester, Man. Determ. Bact., 1901, 276.) 

Bacillus calf actor Miehe. (Arb. der 
deutsch. Landw. Gesel., Berlin, Heft 3, 
1905, 76; Die Selbsterhitzung des Heues, 
Jena, 1907,49.) Thought to be the most 
important thermogenic microorganism in 
the fermentation of hay. From heating 
hay. 

Bacillus canaliculatus Wilhelmy. 


(Arb. bakt. Inst. Karlsruhe, 5,1903, 20.) 
From meat extract. 

Bacillus canceris Migula. (Syst. d. 
Bakt., By 1900, 625.) From a case of 
stomach cancer. 

Bacillus caniperda Migula. (Oval- 
bacillus der Hundestaupe, Galli-Valerio, 
Cent. f. Bakt., I Abt., 19, 1896, G94; 
Migula, Syst. d. Bakt., B, 1900, 764; 
Bacterium canis Chester, Man. Determ. 
Bact., 1901, 198.). From nasal mucus 
and urine of dogs. 

Bacillus capillaceus Wright. (Mem. 
Nat. Acad. Sci., 7, 1895, 456.) From 
water. 

Bacillus capsid Pavarino and Turconi. 
(Atti Istit. Bot. R. Univ. Pavia, 16, 
1918, 207.) Causes leaf wilt of pepper 
{Capsicum annuum). May be identical 
with disease caused by Pseudomonas 
vesicatoria (Stapp, in Sorauer, Handbuch 
der Pflanzen-Krankheiten, 2, 5 Aufl., 
1928, 262). 

Bacillus carniphilus Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, 3, 1903, 19.) 
From meat extract. 

Bacillus carnosus Zimmermann. 
(Tils, Bakt. Untersuch. d. Freiburg. 
Leitungswasser, Leipzig, 1890, No. 57; 
Zimmermann, Bakt. unserer Trink- u. 
Nutzwasser, Chemnitz, II Reihe, 1894, 
4.) From water. 

Bacillus catenulatus Bartels. (Cent. f. 
Bakt., II Abt., lOS, 1940, 27.) Growth 
on media containing m/100 phenol. Four 
strains isolated from soil. 

Bacillus cepae Bassalik and Edelsztein- 
Kosowa. (Acta Soc. Bot. Polon., 10, 
1933, 519.) From diseased onions (AZ- 
lium cepa). 

Bacillus cerealium Gentner. (Cent. f. 
Bakt., II Abt., 60, 1920, 428; Pseudo¬ 
monas cerealia Stapp, in Sorauer, 
Handbuch der Pflanzen-Krankheiten, B, 
1928, 22; Bacterium cerealinum Elliott, 
Manual Bacterial Plant Pathogens, 1930, 
111.) Pathogenic for barley {Hordeum 
vulgar e)y rye {Secale cereale) and wheat 
{Triticum sp,). 

Bacillus cinctus Ravenel. (Mem. Nat. 
Acad. Sci., 8, 1896, 30.) From soil. 
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BaciUus eirrofiagelloHUB ZoBdl and 
Upham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 5,1944, 266.) Cen¬ 
tral spores. Found in marine mud. 

Bacillus cladai Trevisan. (Bacille pe- 
duncul4, Clado, Bull. Soc. Anat. Paris, 
1887, 339; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 14; Bacillus 
pendunculatus (sic) Eisenberg, Bakt. 
Diag.,3 Aufl., 1891,340; Bacillus septievs 
vesicae Sternberg, Man. of Bact., 1893, 
475.) From urine in a case of cystitis. 

Bacillus closteroides Gray and Thorn¬ 
ton. (Cent. f. Bakt., II Abt., 75, 1928, 
93.) Decomposes phenol. Probably 
identical with or a variety of Bacillus 
circulans. Sixteen strains isolated from 
Rothamsted soils. 

Bacillus coccineus Pansini. (Pansini, 
Arch. f. path. Anat., 155, 1890, 437; 
not Bacillus coccineus Catiano, in Cohn, 
Beitr. z. Biol. d. Pflanzen, 7, 1896, 339.) 
From sputum. Red pigment. 

Bacillus colorans Libermann. (Jour, 
of Microbiol., Ukraine, 5,1938, 73; abst. 
in Cent. f. Bakt., II Abt., 101^ 1940,81.) 
From fruit conserves containing 10 to 20 
l5er cent sugar. 

Bacillus comesii Rossi. (Ann. d. 
Scuola d. Agricult, in Portici, 1903; 
Arch, di Farmacologia sperim., 5, 1904, 
fasc. 10.) Similar to Bacillus mesen- 
tericus. Said to have the ability to 
dissolve plant particles. 

Bacillus concoctans Patrick and Werk- 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 415.) Ferments xylan. One cul¬ 
ture isolated from soil. 

Bacillus conjunctivitidis subtiliformis 
Michalski. (Cent. f. Bakt., I Abt., 
Orig., S6y 1904,212.) From more than 50 
cases of acute conjunctivitis. Similar to 
Bacillus subtilis. 

Bacillus consolidus StUhrk. (Cent. f. 
Bakt., II Abt;, 55, 1935, 191.) Good 
growth on Ca n-butyrate agar. One 
strain isolated from Cuban soil. 

Bacillus contextus Migula. {Bacillus 
D, Peters, Botan. Zeitung, J7, 1889; 
Migula, Syst. d. Bakt., 5, 1900, 522.) 
From leaven. 


BaciUus corrugaius Migula. {BaciUus 
mesentericus vulgatus FlOgge, Die Mikio- 
organismen, 2 Aufl., 1886, 322; Bacillus 
No. II, Fltlgge, Ztschr. f. Hyg., 17, 1894, 
294; Bacillus laciis No. II, Kruse, in 
Flfl^e, Die Mikroorganismen, 3 Aufl., 
5, 1896, 208; Migula, Syst. d. Bakt., 5, 
1900,583.) From milk. 

Bacillus coTTuscans Schroeter. (In 
Cohn, Kryptog. Flora v. Schlesien, 5, 
1, 18^, 158.) From cooked potato. 

Bacillus costatus Lloyd. (Jour. Bact., 
51, 1931, 94.) From sea water off Scot¬ 
land. Nitrates and nitrites reduced to 
nitrogen. 

Bacillus crinatus Chester. (Bacillus 
No. 5, Pansini, Arch. f. path. Anat., 
155, 1890, 441; Chester, Man. Determ. 
Bact., 1901, 281.) From sputum. 

Bacillus crinitus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 453; 
Bacterium crinatum (sic) Chester, Man. 
Determ. Bact., 1901, 192.) From river 
water. 

Bacillus crystalloides Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, 371; 
Bacterium crystaloides (sic) Chester, 
Man. Determ. Bact., 1901, 191.) From 
the air. 

Bacillus cubensis Stflhrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 192.) Good 
growth on Ca n-butyrate agar. Two 
cultures isolated from soils from Cuba. 

Bacillus cystiformis Trevisan. (Ba¬ 
cille cystiforme, Clado, Bull. Soc. Anat. 
Paris, 1887, 339; Trevisart, I generi e le 
specie delle Batteriacee, 1889,14.) From 
urine in a case of cystitis. 

Bacillus cytaseus McBeth and Scales. 
(U. S. Dept. Agr., Bur. Plant Industry, 
Bull. 266, 1913, 39; Bacterium cytaseum 
Holland, Jour. Bact., 6, 1920, 218.) 
Requires cellulose for best growth. From 
decomposing materials and soil. 

Bacillus cytaseus var. zonalis Keller- 
man et al. (Cent. f. Bakt., II Abt., 55, 
1913,511.) From soil from Utah. While 
no spores were observed, this organism 
was like Bacillus cytaseus except that 
colonies on cellulose agar showed con- 
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tentric opaque or semi-opaque and 
transparent zones. 

Baeillua danteei Kruse. (Bacille rouge 
de Terre-Neuve, Le Dantco, Apn. Inst. 
Past., 5, 1891,662; Kruse, in FlOgge, Die 
Mikrrorganismen, 3 Aufl., 2, 1896, 270.) 
From reddened salt cod fish. 

BadlluB daucarum von Wahl. (Cent, 
f. Bakt., II Abt., IS, 1906,494.) Appar¬ 
ently a strain of Bacillus subtilis. From 
canned carrots. 

Bacillus demmei Trevisan. (Bacillus 
der Erythema nodosum, Demme, Fort- 
schr. d. Med., 6, 1888, 267; Trevisan, 1 
generi e le specie delle Batteriacee, 1889, 
14; Bacillus erythemaiis Kruse, in Flugge, 
Die Mikroorganismen, 3 AuH., 2^ 1896, 
426; Bacilhts erythemaiis maligni Kruse, 
i6td., 479; Bacterium erythemaiis Migula, 
Syst.. d. Bakt., j?, 1900, 340.) From 
erytlema nodosum (skin). 

Bacillus dendroides HolzmOller. 
(Cent. f. Bakt., II Abt., 2S, 1909, 331.) 
From frog feces. Closely related to 
BaciUus mycoides. 

Bacillus dendroides Thornton. 
(Thornton, Ann. Appl. Biol., 9, 1922, 
247; not Bacillus dendiaides Holzmiiller, 
loc. ci(.) Common in Rothamsted soil. 
Said to belong to the Bacillus subtilis 
group. 

Bacillus deniatus Heigener. (Cent. f. 
Bakt., II Abt., 9S, 1935, 106.) Good 
growth on valine agar. Two cultures iso¬ 
lated from soil of Jugoslavia and North 
Carolina. 

Bacillus destruens von Wahl. (Cent, 
f. Bakt., II Abt., 16, 1906, 502.) From 
boiled asparagus. 

Bacillus detrvdens Wright. (Mem. Nat. 
Acad. Sci., 7,1895,452.) From water. 

Bacillus diastaticus Boyarska. (Iz- 
vestia Acad. Sci., U. S. S. R., Biol. Sor., 
1941.) Thermophilic. 

Bacillus disciformans Zimmermanii. 
(Zimmermann, Bakt. unserer Trink. u. 
NutzwSsser, Chemnitz, II Reihe, 1894, 
48; Bacterium disciformans Lehmann 
and Neumann, Bakt. Diag., 1 Auil., 2, 
1896, 238:) From waste water. Appar¬ 
ently not identical with Bacillus disci- 


formis Gr&fenhan, although the name 
suggests possible relationship. 

Bacillus disciformis Gr&fenhan. (In- 
aug. Diss., Halle, 1891,1.) From water. 
From the description, this organism may 
be Bacillus subtilis. 

Bacillus distortus (Duclaux) Trevisan. 
(Tyroihrix distortus Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, 23; Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
16.) From milk. , 

Bacillus dobelli Duboscq and Grassd. 
(Arch. Zool. Exp6r. et G^n., 66, 1927, 
487; Bacillus (Flexilis) dobelli Duboscq 
and Grassd, ibid., 487.) Similar to Ba¬ 
cillus flexilis Dobell. Found in rectum 
of a termite (Calotermes {Glyptotermes) 
iridipeums). These ^authors suggest 
that Bacillus flexilis Dobell, Bacillus 
butschlii Schaudinn and Bacillus dobelli 
be grouped under the name Flexilis. 

Bacillus duclauxii (Miquel) Chester. 
(Bacilhis ureac Miquel, Bull. Soc. Chim. 
d. Paris, 31, 1879 , 391; Urobacillus du¬ 
clauxii sive Bacillus ureae Miquel, 
Ann. d. Microg., 2, 1889-1890, 53, 122 
and 145; Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 10, 1898, 123.) From 
water and soil. 

Bacillus dysodes Zopf. (Die Spalt- 
pilze, 3 Aufl., 1885,'90.) From ferment¬ 
ing dough. 

Bacillus elegans Heigener. (Cent. f. 
Bakt., II Abt., 93, 1936, 103.) Four 
cultures isolated from soil, one from 
Jugoslavia and three from Germany. 

Bacillus emulsionis Beij erinck. (Folia 
Microbiol., 1, 1912, 377; see Perquin, 
Jour. Microbiol, and Serol., 6, 1940, 226.) 
Produces slime in sucrose solutions. 

Bacillus encephaloides Trevisan. (Ba¬ 
cille de Pair /, Babes, in Cornil and 
Babes, Les Baetdries, 1886,150; Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 20.) From the air. 

BaciUus enterothrix Collin. (Arch. 
Zool. Expdr. et G4n., 61, 1913, Notes and 
Revue, No. 3.) Found in the rectum of 
toad tadpoles (Alytessp.). 

Bacillus epidermidis (Bizzozero) Bor- 
doni-Uffreduzzi. (Leptoihrix epidermi- 
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di$ Bizzocero, Arch. f. path. Anat.» 98, 
1884, 441; Bordoni-Uffreduzzi, Fortschr. 
d. Med., 4t 1886, 156; Carcinombacillus, 
Scheurlen, Deutsche med. Wochnschr., 
1887, 1083; Bacillus mesentericua rubigi- 
nosua Senger, Cent, f. Bakt., 5,1888,603; 
Bacillus hizzozerianm Trevisan, I generi 
e le specie delle Batieriacee, 1880, 14; 
Bacillus acheurleni Dyar, Ann. N. Y. 
Acad. Sci., 8, 1896, 367.) From the 
human mouth and skin. Macd (Traitd 
pratique de Bact., 4th cd., 1901, 1071) 
says that this organism is the ordinary 
potato bacillus, i.e., Bacillus vulgatus. 

Bacillus epiphytus ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
ilniv. Calif., 6, 1944, 266.) Central 
spores. Found associated with marine 
phytoplankton. 

Bacillus erodens liavenel. (Mem. 
Nat. Acad. Sci., 8, 1896, 35.) From soil. 

Bacillus esterificans Maasson. (Arb. 
a. d. kaiserl. Gesundheitsamte, 15, 1899, 
504; Plectridium esterificans Huss, Cent, 
f. Bakt., II Abt,, 19, 1907 , 52.) Found 
in a solution of decomposing litmus; 
also isolated from butter. 

Bacillus evanidus Grohmann. (Mor- 
phologiSch-biologische Beitrage zur 
Kenntnis der Wasserstoffbakterien, In- 
aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., 67, 1924, 207; Ruhland 
and Grohmann, Jahrb. Wissensch. Bota- 
nik, 6S, 1924, 321.) Oxidizes hydrogen 
in the presence of oxygen to form water. 
Presumably widely distributed in soil. 

Bacillus exiguus Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 2S, Art. 15, 
1908, 44.) Isolated 3 times from gar¬ 
den air. 

Bacillus exilis Bartels. (Cent. f. 
Bakt., II Abt., 103, 1940, 29.) Growth* 
in media containing m/100 phenol. 
Eight strains isolated from soil. 

Bacillus fasiidiosus den Dooren de 
Jong. (Cent. f. Bakt., II Abt., 79, 1929, 
344.) Six strains isolated from unheated 
garden soil. 

Bacillus ferrigenus Bargaglio-Petrucci. 
(Nuovo Giornale botanico italiano, 1913, 
1914, 1915; quoted from De Rossi, 


Microbiol. Agraria e Tcchiiica, 1927, 
904.) A facultative thermophile, grow¬ 
ing up to 66® to 70®C. 

Bacillus festinus McBcth. (Soil Sci., 
1, 1916, 451.) Filter paper decomposed 
to a grayish-white felt-like mass. From 
soil in California. 

Bacillus filamentosus Klein. (Klein, 
see Migula, Sysf. d. Bakt., 2, 1900, 286; 
Bacterium filamentosum Burchard, Arb. 
bakt. Inst. Karlsruhe, 2, Heft 1,1902,22.) 

Bacillus filaris Migula. (Bacillus No. 
XI, Fliigge, Ztschr. f. Hyg., 17, 1894, 
296; Bacillus lactis No. XI, Kruse, in 
Fltigge, Dio Mikroorganismen, 3 .\u6., 2, 
1896,209; Migula, Syst. d. Bakt., 2, 1900, 
.579; Bacillus aromaiicus Chester, Man. 
Determ. Hact., 1901, 276; not Bacillus 
aromaiicus Pammell, Bull. No. 21, Iowa 
Agr. Exp. Sta., 1893, 792; not Bacillus 
aromaiicus Grimm, Cent. f. Bakt., II 
Abt., 8, 1902, 584.) From milk. 

Bacillus filicolonicus ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 5, 1944, 270.) Sub- 
terminal spores. From sea water and 
marine mud. 

Bacillusfiliformis (Duclaux) Trevisan. 
(Tyrothrix filijormis Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, 23; Trevisan, I 
generi e Ic specie delle Batteriacee, 1889, 
16; not Bacillus filiformis Tils, Ztschr. f. 

» 1890, 317; not Bacillus filiformis 

Migula, Syst. d. Bakt., 2, 1900, 587.) 
From cheese. 

Bacillus fissuratus Ravenel. (Mem. 
Nat. Acad. Sci., 8, 1896, 38.) From soil. 

Bacillus fitzianus Zopf. (Fitz, Ber. d. 
deutsch. chem. Gesellsch., 6, 1873, 48; 
ibid,, 9, 1876, 1348; ibid., 10, 1877, 276; 
Glycerinaethylbactorie, Buchner, in Nii- 
geli, Untersuch. u. niedcrc Pilze, 1882, 
220; Zopf, Die Spaltpilzc, 1 Au6., 1883,52; 
Bacterium fit zianum Zopf, Die Spaltpilze, 
2 .\ufl., 1884, 49.) From boiled hay 
infusions. Forms butyric acid. 

Bacillus fiagellifer Migula. (Bacillus 
No. VI, Fliigge, Ztschr. f. Hyg., 17, 1894, 
294; Bacillus lactis No. VI, Kruse, in 
Fliigge, Die Mikroorganismen, 3 Au6., F, 
1896, 209; Migula, Syst. d. Bakt.» 
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f, 1900,581; BaciUuB rudia Chester, Man. 
Determ. Bact., 1901,279.) From milk. 

BaeiUua flaveseens Weiss. (Weiss, 
Arb. bakt. Inst. Karlsruhe, Heft 3, 
1902, 258; not Bocillua flaveaeena Pohl, 
Cbnt. f. Bakt., If, 1892, 144.) From 
brewer’s grains. Uncommon. 

BaeiUua JUmdua StOhrk. (Cent. f. 
Bakt., II Abt., 95,1935,185; not Bacillua 
fiauidua Fawcett, Rev. Indust, y Agrico. 
de Tuouman, 15, 1922, 5; not Bacillua 
flavidw Morse, Jour. Inf. Dis., ff, 1912, 
284.) Good growth on Ca n-butyrate 
agar. One culture isolated from soil 
from Egypt. 

BamUuaflavidua alvei Klamann. (Bien- 
enwirtschaftl. Cent., Hanover, 1890, No. 
2.) Associated with foulbrood of bees. 

Bacillua fiavoviridia Migula. (Mas- 
chek, Bakt. Untersuch. d. Leitmeritzer 
Trinkwfisser, Leitmeritz, 1887; Migula, 
Syst. d. Bakt., f, 1900, 821.) From 
water. 

Bacillua flexilia Dobell. (Quart. Jour. 
Microsc. Sci., 55, 1908, 121; Arch. f. 
Protistenk., 55,1912,117.) Reported as 
being similar to Bacillua bUtachlii Schau- 
dinn although only half its size. From 
the large intestine of frogs (Rana tern- 
poraria) and toads (Bufo vulgaris). 

Bacillua flexua Batchelor. (Jour. 
Bact., 1219, 23.) Resembles Bacillua 
megatherium. From intestinal contents 
of a child. 

Bacillua fl/uoreaceria undulatua Ravenel. 
(Mem. Nat. Acad. Sci., 5, 1896, 20.) 
From soil. 

BaciUua foliaceua Migula. {Bacillus 
mesenlericua fuacua Flugge, Die Mikh)- 
organismen, 2 Aufl., 1886, 321; Bacillus 
No. IV, Flligge, Ztschr. f. Hyg., 17,1894, 
294; Bacillua lactis No. IV, Kruse, in 
Fltigge, Die Mikroorganismen, 3 Aufl., 5, 
1896, 206; Migula, Syst. d. Bakt., 5, 
1900,582.) From milk, air and soil. 

BaciUua formoauB Heigener. (Cent. f. 
Bakt., II Abt., 9S, 1935,101; not Bacillua 
farmoaua Ravenel, Mem. Nat. Acad. 
Sci., 5, 1896, 12.) One culture isolated 
from soil from Montenegro. 


Bacillua fautini Chester. (Bacillus D, 
Foutin, Cent. f. Bakt., 7, 1890, 373; 
Chester, Man. Determ. Bact., 1901,285.) 
From hail. 

. Bacillua frankei (sic) DeToni and 
Trevisan. (Sarkombacillen, Francke, 
Mflnch. med. Wochnschr., 1888, No. 4; 
abst. in Cent. f. Bakt., 5, 18%, 601; 
DeToni and Trevisan, in Saccardo, Syl- 
loge Fungorum, 5,1889,967.) From cases 
of sarcoma. 

Bacillua freudenreichii (Miquel) Ches¬ 
ter. {Urohacillua freudenreichii sive Ba¬ 
cillua ureae y Miquel, Ann. d. Micro- 
graphie, 5, 1890, 367 and 488; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 10, 
1898, no.) Ldhnij (Cent. f. Bakt., II 
Abt., Hy 1905, 719) considered this a 
variety of Bacillua pumilua. Gibson 
(Jour. Bact., 59, 1935, 493) believed it 
belonged to the Bacillus paste urii group 
although no authentic cultures were 
available. From soil. 

Bacillua fruiodeatruena Madhok and 
Ud-Din. (Indian Jour. Agr. Sci.,* /5, 
1943,129.) Causes a rot of tomato fruit. 

Bacillua funicularia Kluyver and Van 
Niel. (Planta, Arch. f. wissensch. Bota- 
nik, 5, 1926, 507.) Exhibits contact 
irritability. From soil. 

Bacillua furvua Goadby. (Dental 
Cosmos, 4£y 1900,322.) From the mouth. 
Associated with dental caries. 

Bacillua {Sireptobacter) fuaiaporua 
Schroeter. (In Cohn, Krypt. Flora v. 
Schlesien, 5, 1, 1886, 161.) From waste 
water in a sugar factory. 

Bacillua fusua Batchelor. (Jour. 
Bact., 4y 1919, 27.) Said to resemble 
Bacillua centroaporua, i.e., Bacillua brevis. 
From feces. 

Bacillua gangliformia Ravenel. (Rav¬ 
enel, Mem. Nat. Acad. Sci., 8, 1896, 34; 
Bacterium gangliforme Chester, Man. 
Determ. Bact., 1901, 193.) From soil. 

Bacillua gangraenae Chester. {Bacil¬ 
lua gangraenae pulpae ArkOvy, Cent. f. 
Bakt., 55, 1897, 921; Chester, Man. 
Determ. Bact., 1901, 275; not Bacillua 
gangraenae Tilanus, Nederl. Tijdschr. v. 
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Gcnecskunde, 21 ,1885,110.) Associated 
with ganf 2 ;rene of tooth pulp and caries of 
teeth. 

Bacillus gasoformans Pammcl. (Pam- 
niel, Cent. f. Bakt., II Abt., 2^ 1896,642; 
not Bacillus gasoformans Eisenberg, 
Bakt. Diag., 3 Au6., 1891, 107; Bacillus 
pammelii Chester, Man. Determ. Bact., 
1901, 270.) From cheese. 

Bacillus gelatinosus Migula. (Bac¬ 
terium gelaiinosum betas Glaser, Cent. f. 
Bakt., II Abt., 1,1895,879; Migula, Syst. 
d. Bakt., 2t 1900, 805.) Produces slime 
in sucrose solutions. Probably a variety 
of Bacillus vulgalus according to Sac- 
chetti (Cent. f. Bakt., II Abt., 96^ 
1936,115). 

Bacillus geniculatus (Duclaux) Trevi- 
san. (Tyrothrix geniculatus Duclaux, 
Ann. Inst. Nat. Agron., 4, 1882, 23; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889,16; not Bacillus genicvla- 
ius De Bary, Inaug. Diss., Strassburg, 
Leipzig, 1885; not Bacillus geniculatus 
Wright, Mem. Nat. Acad. Sci., 7, 1894, 
459; Bacillus gonatodes DeToni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8, 1889, 964; Bacterium geniculatum 
Migula, Syst. d. Bakt., 2, 1900, 322.) 
From milk. 

Bacillus gigas (Koch) Trevisan. 
(Streptohacteria gigas-pericardii Billroth, 
Die Vegetationsformen von Coccobacteria 
septica, Berlin, 1874, 60; Streptohacteria 
gigas Koch, in Cohn, Beitr. z. Biol. d. 
Pflanz., 2, Heft 3, 1877, 429; Metallacter 
gigas Trevisan, Batter, ital., 1879, 25; 
Trevisan, Atti. d. Accad. Fis.-Med.- 
Stat., Milan, Ser. 4, 5, 1886, 96; not 
Bacillis gigas van der Goot, Med. Proef- 
station voor de Java Suikerindust., pt. 
5, No. 10, 1915, 284; not Bacillus gigas 
Zeissler and Rassefeld, Arch. f. wiss. u. 
prakt. Tierheilk., 1929, 419.) From 
pericardial exudate. 

Bacillus ginglymus Ravenel. (Mem. 
Nat. Acad. Sci., 8,1896,37.) From soil. 

Bacillus glaciformis Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, 5, 1903, 29.) 
From meat extract. 


Bacillus globifer Bartels. (Cent. f. 
Bakt., II Abt., lOS, 1940, 26.) Growth 
on media containing m/100 phenol. 
Author considers it similar to Bacillus 
alvei. Five strains isolated from soil. 

Bacillus glutinis Patrick and Werk* 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 414.) Ferments xylan. Tm 

strains isolated from decayed apple wood. 

Bacillus glycinophilus Rippel. (Rip* 
pel. Arch. f. Mikrobiol., 8,1937,42; also 
see Rippel and Nabel, ibid., 10, 1938,359.) 
From intestines of cattle. Fresh cidtures 
on agar form protein from glycine and 
glucose. 

Bacillus gossypina Stedman. (Ala* 
bama Agr. Exp. Sta. Bui. 55, 1894, 6; 
Earle, Alabama Agr. Exp. Sta. Bui. 107, 
1899,311.) Reported as cause of boll rot 
on cotton (Oossypium sp.) 

Bacillus granularis StUhrk. (Cent. f. 
Bakt., II Abt., 9S, 1935, 180.) Very 
good growth on Ca n-butyrate agar. One 
culture isolated from garden soil in 
Germany. 

Bacillus granulosus Russell. (Russell, 
Ztschr. f. Hyg., 11, 1892, 194; Bacterium 
granulosum Chester, Man. Determ. 
Bact., 1901, 194.) From mud from the 
Gulf of Naples. 

Bacillus grossus Migula. (Bacteri- 
enart No. 13, Lembke, Arch. f. Hyg., 26 ,. 
1896,308; Migula, Syst. d. Bakt., 2, 1900, 
570.) From the intestines of infants. 

Bacillus gryllotdlpae Metalnikov and 
Meng. (Compt. rend. Acad. Sci., Paris, 
201, 1935, 367.) From diseased larvae of 
the cricket (Gryllotalpa gryllotalpa). 

Bacillus guano Stapp. (Cent. f. Bakt., 
II Abt., 61, 1920, 29.) From soil pre¬ 
viously fertilized with guano. 

Bacillus gummosus Happ. (Bakt. und 
Chem. Untersuc)i. tlber die schleimige 
Gahrung. Univ. Basel, 1893, 34; abst. 
in Cent. f. Bakt.> H, 1893, 175.) From 
digitalis infusions. Presumably a mu¬ 
coid form of a common spore-former. 
See Bacterium gummosum Ritsert. 

Bacillus harai Hori and Miyake. (Rpt. 
Imp. Agr. Exp. Sta. Nishigahara, 58, 
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1911, 69.) Pathogenic for willow (Saltx 
sp.). 

Bacillus hessii (Guillebeau) Kruse. 
(Bacterium hessii Guillebeau, Landw. 
Jahrb. d. Schweiz, 1891,138; Kruse, in 
Flilgge, Die Mikroorganismen, 3 Aufl., 2^ 
1896, 210.) There is some question 
whether the original culture was a spore- 
former or whether it was mixed with one 
of the common slimy milk organisms. 
From slimy milk. 

Bacillus hirudinis Schweizer. (Arch, 
f. Mikrohiol., 7, 1936, 235.) From the 
digestive slime of leeches (Hirudo medu 
cinalis and Hirudo officinalis). 

Bacillus hollandicus Stapp. (Cent. f. 
Bakt., II Abt., 51, 1920, 47.) Fmm soil 
from Delft. 

Bacillus hoplosiernus Paillot. ((bnipt. 
rend. Acad. Sci., Paris, /<53, 1916, 774; 
Ann. Inst. Past., 55,1919,403.) Isolated 
once from the body fluid of a June bug. 
Pathogenic for several species of insects. 

Bacillus imminutus McBeth. (Soil 
Sci., f, 1916, 455.) Growth only in the 
presence of cellulose. From ten different 
soils of California. 

Bacillus iminobilis Stcinhaus. (Jour. 
Bact., 1941, 783.) The author states 
that it probably belongs to the Bacillus 
adhaerens group. From rectum of larvae 
of the sphinx moth (Ceraiomia catalpae). 

Bacillus imomarinus ZoBell and Up- 
ham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 5,1944,265.) Bub- 
terminal spores. From marine bottom 
deposits in shoal waters. 

Bacillus indifferens Soriano, (Thesi.s, 
Univ. Buenos Aires, 1035, 565.) One 
strain isolated from soil. 

Bacillus infantilis Kendall. (Jour. 
Biol. Chem., 5.1909,419 and 439.) From 
the intestine in ca.scs of infantilism. 
Saprophytic. 

Bacillus inlermiticns Willicimy. (Arb. 
bakt. Inst. Karlsruhe, 5, 1903, 23.) 
From meat extract. 

Bacillus inirupallans Forbes. (Bull. 
Illinois State Lab. Natur. Hist., Art. 
IV, 1886. 283, 288 and 297.) 


Bacillus juhaius Bartels. (Cent. f. 
Bakt., II Abt., lOS, 1940, 24.) Very 
good growth on media containing m/50 
phenol. Nino strains isolated from soil. 

Bacillus kaleidoscopicus Wilhelmy. 
(Arb. i)akt. Inst. Karlsruhe, 5, 1903, 31.) 
From meat extract. 

Bacillus kefir Kuntze. (Cent. f. 
Bakt., II Abt., 24, 1909, 116.) From 
kefir, a Caucasian milk beverage. 

Bacillus kcrmesitius Migula. (Kar- 
minroter Bacillus, Tataroff, Inaug. Diss., 
Dorpat, 1891, 67; Migula, Syst. d. Bakt., 
2, 1900, 858.) From water. 

Bacillus kildini Issatchenko. (Re- 
cherches sur les Microbes do POc4an 
Glacial Arctique. Petrograd, 1914.) 
From sea water. 

Bacillus koubassoffii Chester. (Bacil¬ 
lus der krebsartigen Neubildungen, 
Koubassoff, Vortrag. Moskauer Mili- 
tarftrztlichen Verein, 1888, No. 22; abst. 
in Cent. f. Bakt., 7, 1890, 317; Chester, 
Man. Determ. Bact., 1901, 282.) From 
cancerous growths of the human stomach. 

Bacillus lacca Kern. (Arb. bakt. Inst. 
Karlsruhe, f. Heft 4, 1896, 411.) From 
the stomachs and intestines of birds. 

Bacillus laciis-albus Chester. (Bacil¬ 
lus lactis albtis Sternberg, Man. of Bact., 
1893, 680; Chester, Man. Determ. Bact., 
1901, 277.) From milk. 

Bacillus lactucae Voglino. (Ann. R. 
Accad. Agr. Torino, 1903, 25.) Patho¬ 
genic for lettuce (Lactuca saliva). 

Bacillus lasiocampa Brown. (Amer. 
Museum Novitates, No. 251, 1927, 7.) 
Said to belong to Bacillus subtilis group. 
From ovaries and egg tubes of tent cater¬ 
pillar moth. 

Bacillus laivianus Kalnins. (Latvijas 
Univ. Raksti, Scr.va I, No. 11,1930, 265.) 
Cellulose attacked at 34°C but not at 
37®C. Probably from soil. 

Bacillus lautus Batchelor. (Jour. 
Bact., 4, 1019, 30.) One culture from 
feces. 

Bacillus legrosii Hauduroy et al. 
(Legros, Th^se M4d. Paris, 1902; Haudu* 
roy et al.. Diet. d. Bact. Path., 1937,43.) 
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Facultative anaerobe producing gaseous 
gangrene. From a gaseous suppuration. 

Baeillus leguminiperdus von Oven. 
(Cent. f. Bakt., II Abt., 16, 1906, 67; 
Bacterium leguminiperdum Stevens, The 
Fungi which Cause Plant Disease, 1913, 
28.) Pathogenic for lupine (Lupinua 
8p,), kidney bean (Phaeeolus vulgarie), 
pea {Pieum sativum), tomato (Lycoperau 
cum eaculentum). 

Bacillua lehmanni Herter. (Microbe 
5A, Chouk^vitch, Ann. Inst. Past., £5, 
1911, 350; Herter, Just’s Botan. Jahres- 
ber.,59,2 Abt., Heft4,1915,748.) From 
the large intestine of the horse. 

Bacillua lekitoaia Perlman. (N. Y. 
State Dept. Agr. and Markets, Ann. 
Kept., 1931, 115.) Egg lecithin hydro- 
lyzed completely by powerful extracellu¬ 
lar enzyme. From contaminated sample 
of whole mixed eggs. 

Bacillua leaagei Trevisan. (Bacille de 
la diarrh^e verte des enfants, Lesage, 
Bull. Acad. M4d. Paris, Oct. 25, 1887; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 14.) From the intestine 
of infants. 

Bacillua levaniformana Greig Smith. 
(Proc. Linn. Soc. New South Wales, ^6, 
1901, 589, 674 and 684; Cent. f. Bakt., 
II Abt., 8f 1902, 596.) Produces slime in 
sucrose solutions. Probably a variety of 
Bacillua vulgatua according to Sacchetti 
(Cent. f. Bakt., II Abt., 96, 1936, 115). 

Bacillua licheniformia (Weigmann) 
Chester. (Bacterie a, Weigmann, Cent, 
f. Bakt., II Abt., F, 1896, l55\Cloatridium 
licheniforme Weigmann, loc, cit., 4,1898, 
822; Chester, Man. Determ. Bact., 1901, 
287; see also Gibson, Soc. Agric. Bact. 
(British); Abstr. Proc., 1927, Paper No. 
10; Gibson and Topping, ibid., 1938, 43; 
Gibson, ibid., 1943, 13.) Gibson places 
this with Bacillua aubtilia although it 
was originally described as being Gram¬ 
negative and forming clostridial spor¬ 
angia. Spore germination polar. 

Bacillua lichanoidea Grohmann. (Mor- 
phologisch-biologische Beitrfige zur 
Kenntnis der Wasserstolfbakterien, In- 


aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., d/, 1924,267; Ruhland and 
Grohmann, Jahrb. wissensch. Botanik, 
6S, 1924,321.) Oxidizes hydrogen in the 
presence of oxygen to form water. Pre¬ 
sumably widely distributed in soil. 

Bacillua ligniuorana Patrick and Work¬ 
man. (Iowa St&te Coll. Jour. Sci., 7, 
1933, 410.) Ferments xylan. One cul¬ 
ture isolated from decayed maple wood^ 

Bacillua lignorum Patrick and Work¬ 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 410.) Ferments xylan. One cul¬ 
ture isolated from decayed apple wood. 

Bacillua limnophilua Stiihrk. (Cent, 
f. Bakt., II Abt., 9$, 1935, 190.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from soil of Germany. 

Bacillua lingardi Trevisan. (Bacillus 
de la stomatite ulcereuse du veau, Lin- 
gard and Bait; Trevisan, I generi e le 
specie delle Batteriacee, 1889,14.) From 
ulcerations on the tongue and mucous 
membrane of the mouth of calves. 

Bacillua lividua Zimmermann. (Bakt. 
unserer Trink- u. Nutzwfisser, Chemnitz, 
II Reihe, 1894, 18; not Bacillua lividua 
Voges, Cent. f. Bakt., H, 1893, 303.) 
From water. 

Bacillua longior Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 2S, Art. 15,1908, 
57.) Isolated once from garden air. 

Bacillua longua Migula. (Bacillus No. 
VII, Fltigge, Ztschr. f. Hyg., 17, 1894, 
296; Bacillua lactis No. VII, Kruse, in 
Fltigge, Die Mikroorganismen, 3 Aufl., 2, 
1896, 209; Migula, Syst. d. Bakt., 2, 
1900, 581; not Bacillua longua Chester, 
Man. Determ. Bact., 1901, 303; BaciUua 
plicatua Chester, ibid., 275; not Bacillua 
plicatua Frankland and Frankland, 
Philos. Trans. Royal Soc. London, 178, 
B, 1887, 273; not Bacillua plicatua Zim¬ 
mermann, Bakt. unserer Trink- u. 
Nutzwasser, Chemnitz, I Reihe, 1890,54; 
not Bacillua plicatua Deetjen, Inatig. 
Dies., Wtirzburg, 1890; not BaciUua 
plicatua Copeland, Kept. Filtration Com¬ 
mission, Pittsburgh, 1899, 348.) From 
milk. 
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BaeiUua lozosporus Burchard. (Arb. 
bakt. Inst. Karlsruhe, f, Heft 1, 1902, 
49.) From the air. Synonym of Bacil¬ 
lus simplex according to Gottheil, Cent, f. 
Bakt., II Abt., 7,1901,033. 

Bacillus luteus Garbowski. {Bacillus 
luteus sporogenes Smith and Baker, 
Cent. f. Bakt., II Abt., 4, 1898, 788; 
Garbowski, Cent. f. Bakt., II Abt., 19, 
1907, 641.) From two samples of beet 
sugar. 

Bacillus lutzae Brown. (Amer. 
Museum Novitates, No. 251, 1927, 8.) 
Pathogenic for certain flies. Dying indi< 
viduals of the green blow fly {Lucilia 
sericata) yielded pure cultures. 

Bacillus maculatus Stiihrk. (Cent. f. 
Bakt., II Abt., 9S, 1935, 184.) Goo^ 
growth on Ca n-butyrate agar. Two 
cultures isolated from soils from Cuba 
and Germany. 

Bacillus maidis Paltauf and Heider. 
(Paltauf and Heider, Wiener ined. Jahrb., 
5,1888,383; Paltauf, Med. Jahrb., No. 8, 
1889.) From an infusion of maize; also 
from feces in cases of pellagra. This 
species was originally described by 
Cuboni, probably in the Rendic. R. 
Accad. dei Lincei, /, 1886. It was later 
shown to be a spore-former of the Bacil¬ 
lus mesentericus group. It was quite 
different from the organism isolated by 
Tataroff {Pseudomonas maidis Migula) 
and identified by him as Bacillus mai~ 
ills. 

Bacillus malakojaciens von Wahl. 
(Cent. f. Bakt., II Abt., 16, 1906, 499.) 
Reported to be similar in morphology and 
physiology to Bacillus asterosporus. 
From preserved asparagus and from green 
beans. 

Bacillus maritimus Russell. (Russell, 
Bot. Gazette, 18, 1893, 445; Bacterium 
maritimum Chester, Man. Determ. Bact., 
1901, 189.) From sea-mud. 

BadUus mazun Weigmann, Gruber 
and Hubs. (Cent. f. Bakt., II Abt., 19, 
1907, 72.) From the Armenian milk 
product, mazun. 

Bacillus mediosporus Migula. (Bacil¬ 


lus No. VIII, Flttgge, Ztschr. f. Hyg., 17, 
1894, 296; Bacillus lactis No. VIII^ 
Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl., 8, 1896, 209; Migula, Syst. d. 
Bakt., 8, 1900, 580; Bacillus magnus 
Chester, Man. Determ. Bact., 1901,276.) 
From milk. 

Bacillus medio-tufnescens Saito. 
(Jour. Coll. Sci. Imp. Univ., Tokyo, 8S, 
Art. 15, 1908, 45.) Isolated twice from 
garden air. 

Bacillus megatherium Ravenel. 

(Ravenel, Mem. Nat. Acad. Sci., 8, 1896, 
11; not Bacillus megatherium De Bary, 
Vergleich. Morph, ii. Biol. d. Pilze, 1884, 
499; Bacillus megatherium var. ravenelii 
Chester, Man. Determ. Bact., 1901,271.) 
From soil. 

Bacillus melanosporus Schroeter. 
(Einc Bacillus Art, PJidam, Bcitr. z. 
Biol. d. Pflanz., 1,3, 1875,216; Schroeter, 
in Cohn, Kryptog. Flora v. Schlesicn, 3, 
1, 1886, 159 ) From cooked potato. 

Bacillus melonis Patrick and Werkman. 
(Iowa State Coll. Jour. Sci., 7, 1933, 411; 
not Bacillus melonis Giddings, Vermont 
Agr. Exp. Station Bull. 148, 1910, 413.) 
Ferments .xylan. One culture isolated 
from decayed watermelon. 

Bacillus mesentericus fuscus consistens 
Dyar. (.Vnn. X. Y. Acad. Sci., 8, 1895, 
373.) P'ound as a contamination in a 
milk culture. 

Bacillus mesentericus fuscus yranulatus 
Dyar. (Ann. X. Y. Acad. Sci., 8, 1895, 
373.) P“’ound abundantly in a jar of 
sterilized milk. 

Bacillus mesentericus rose us Ziinmer- 
mann. (Bakt. unscrer Trink- u. Nutz- 
.wasser, Chemnitz, 2, 1894 , 26.) From 
water. Zimmermann received this cul¬ 
ture from Kn\l under the above name. 
Krai (Sammiung v. Mikroorganismen, 
Prague, 1900, 7) lists it as a synonym of 
Bacillus mesentericus ruber Globig. 

Bacillus mesentericus vulgatus mucosus 
Ivanovics. (Cent. f. Bakt., I Abt., 
Orig., H8, 1938, 5?.) Author believed it 
to be identical or near to Bacillus vulgatus 
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but produces much slime. From drain¬ 
age water. 

Bacillus mesenterioides Deetjen. (In- 
aug. Diss., Wurzburg, 1890.) From 
sausage. 

Bacillus micans Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, 5, 1903, 30.) 
From meat extract. 

Bacillus milii (sic) Howard. (Glean¬ 
ings in Bee Culture, 28, 1900,124.) From 
black brood of the honey bee (Apis 
mellifera). 

Bacillus mitochrondrialis Alexeieff. 
(Arch. f. Protist., 49, 1924, 399.) From 
horse manure. 

Bacillus modestus Schieblich. (Cent, 
f. Bakt., I Abt., Grig., m, 1932, 269.) 
Prefers carbohydrate media and 37®C. 
From grass and meadow plants. 

Bacillus monachae (von Tubeuf) Eck¬ 
stein. (Bacillus B, Hofmann, Die 
Schlaffsucht (Flacherie) der Nonne 
(Liparis monacha), 1891, Frankfort am 
Main; Bacterium monachae von Tubeuf, 
Forstl. naturwissensch. Ztschr., 1, 1892, 
34, 277; Eckstein, Ztschr. f. Forst- u. 
Jagdwesen, 26, 1894, 6.) From diseased 
caterpillars of the nun moth (Lymantria 
monacha). 

Bacillus montanus Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 458.) Good 
growth on Ca n-butyrate agar. One cul¬ 
ture isolated from soil of Germany^ 
Bacillus moulei DeToni and Trevisan. 
(Bacille des viandes A odeur de beurre 
ranee des halles de Paris, Nocard and 
Mould, Recueil de mddecine vdtdr., Sdr. 
7, 6, 18—, 67; DeToni and Trevisan, in 
Sacardo, Sylloge Fungorum, 8, 1889,971.) 
From spoiled meat. 

Bacillus mucilaginosus Migula. 
(Happ, Inaug. Diss., Berlin, 1893, 28; 
Migula, Syst. d. Bakt., 2, 1900, 696.) 
From a slimy fermentation. 

Bacillus mucosus Zimmerman. (Bakt. 
unserer Trink- u. Nutzwasser, Chemnitz, 
II Reihe, 1894, 8; Bacterium mucosum 
Migula, Syst. d. Bakt., 2, 1900, 315.) 
From water. 

Bacillus mucronatus Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 2S, Art. 15, 


1906, 58.) Isolated twice from garden 
air. 

Bacillus multipediculus flavus Zimmer- 
mann. (Bakt. unserer Trink- u. Nutz- 
wAsser, Chemnitz, II Reihe, 1894, 42.) 
From water. 

Bacillus muralis Tomaschek. (Botan. 
Zeit.,45,1887,6fe.) 

Bacillus muiabilis Soriano. (Estudio 
sistematico de algunas bacterias esporu- 
ladas aerobias, Thesis, Univ. Buenos 
Aires, 1935, 570.) Four strains isolated 
from fecal matter and Argentine soils. 

Bacillus myxodens Burchard. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 1, 1898, 
41.) From beer yeast. 

Bacillus nebulosus Goresline. (Gores- 
line. Jour. Bact.,;?7,19.34,72; not Bacillus 
nebulosus Wright, Mem. Nat. Acad. Sci., 
7,1894,465; not Bacillus nebulosus Halle, 
Thdse de Paris, 1898; not Bacillus nebu* 
losus Vincent, Ann. Inst. Past., 21, 1907, 
69; not Bacillus nebulosus gazogenes 
Jacobson, Ann. Inst. Past., 22, 1908,300.) 
From a trickling filter receiving creamery 
wastes. 

Bacillus neumanni Herter. (Microbe 
5B, Choukdvitch, Ann. Inst. Past., 25, 
1911, 350; Herter, Just’s Botail. Jahres- 
ber.,3P,2Abt.,Heft4,1915,748.) From 
the large intestine of the horse. 

Bacillus nigrescens Bartels. (Cent. f. 
Bakt., II Abt., lOS, 1940, 22.) Good 
growth on media containing m/25 phenol. 
Three strains isolated from soil. 

Bacillus nigricans Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 428.) 
From the stomach of a bird. 

Bacillus nitidis Heigener. (Cent. f. 
Bakt., II Abt., 9S, 1935,99.) One culture 
isolated from soil from Washington, D. C. 

Bacillus nitri AmbroS. (Cent. f. 
Bakt., I Abt., Orig., 51, 1909, 193.) 
Used for cytological studies because of 
its large size. Found on gelatin plates 
poured for the isolation of yeasts. 

Bacillus nitroxus Beijerinck. (Cent, 
f. Bakt., II Abt., 25, 1909, 45.) In the 
absence of air forms N gas, COt, and NsO 
in nitrate broth. Under aerobic condi- 
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tions only a weak reduction. From 
garden soil. 

Bacillua nobilis Adametz. (See Freud- 
enreich) Cent. f. Bakt., II Abt., 7,1901, 
857; ibid,, 8, 1902, 674.) This organism 
was sold under the name Tyrogon; it was 
said to play a part in the ripening of 
hard clieesc. This was douhtecl by 
Freudcnreich who identified it as one of 
the Tyrolhrix group. Original descrip¬ 
tion apparently in Ustcrrcichen Mokcrei- 
Zeitung, Xov. 15, 1000; Dee. 1 and 15, 
1900; Milchzeitung, No. IS, 1900. 

Bacillus nouns (Huss) Bergey ct al. 
(Plectridium novum Huss, Cent. f. Bakt., 
II Abt., 19, 1907, 256; Bergey et al.. 
Manual, 1st cd., 1923,304.) From steril¬ 
ized milk. 

Bacillus oblongus Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen, 26, 1894, 16.) 
From the larvae of a moth (Hypono- 
meuta evonymella). 

Bacillus oehensis Bartels. (Cent. f. 
Bakt., IIAbt., 103, 1940,28.) Growthon 
media containing m/100 phenol. One 
culture isolated from soil. 

Bacillus oleae Sehiff-Giorgini. (Cent, 
f. Bakt., IIAbt., 15, 1905,203.) Thought 
to be the cause of tubercles on the olive 
tree from which it was isolated. 

Bacillus omelianskii Serbinoff. (Zhur- 
nal Bolezni Rastenii, Leningrad, 9, 1915, 
105.) Causes a rot of sorghum. 

Bacillus ontarioni (Chorine) Stein- 
haus. {Bacterium oniarioni Chorine, 
Internat. Corn Borer Invest., vSei. Hpts., 

1929,44; also Ann. Inst. Past., 4^, 1929, 
1658; B, oniarioni Paillot, B. presumably 
indicates Bacterium, see index, p. 522, 
L’infection chez les insectes, 1933, 134; 
Steinhaus, Bacteria Associated Extra- 
cellularly with Insects, Minneapolis, 
1942, 72.) From diseased larvae of the 
com borer (Pyraustra nubilalis Hb.). 

BaeiUus oogenes Migula. {Bacillus 
oogenes hydrosulfureus a, Zdrkenddrfer, 
Arch, f. Hyg., 16, 1893,385; Migula, Syst. 
d. Bakt., 6, 1900,573.) From hens’ eggs. 

Bacillus opaeus Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2 , Heft 3, 1902, 214.) 


From bean infusions and fermenting 
cabbage. 

Bacillus orae Werner. (Cent, f. Bakt., 
II Abt., 87, 1933,464.) Weak growth on 
agar containing calcium salts of formic, 
acetic, and butyric acids. One culture 
isolated from European soil. 

Bacillus oxylaclicus Dyar. (Dyar, 
Ann. X. Y. Acad Sci., 8, 1895, 369; Bac¬ 
terium oxylaclicus Chester, .Vnn. Kept. 
Del. Col. Agr. Exp*. Sta., 9, 1897, 107.) 
From air anti a culture from KrA,Ps 
laboratory labeled Bacillus oxylaclicus. 
The latter is given in the Krill ItXlO 
catalogue as Bacillus oxalaliens Zopf and 
undoubtedly was the organism received 
by Migula from Zopf and studied by 
him (Migula. .\rb. tech. Hochschule 
Karlsruhe, 1, Heft 1, 1894, 139 and 
Migula, Syst. d. Bakt., 2, 1900, 538). 
This is now regarded as having been 
Bacillus meyntherium De Bary. 

Bacillus pabuli Schieblich. (Cent. f. 
Bakt., II Abt., 58, 1923, 204.) Com¬ 
monly isolated from green and ferment¬ 
ing fodder. 

Bacillus pallidus Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935, 98.) One strain 
isolated from soil from New York State. 

Bacillus palustris Sickles and Shaw. 
(Jour. Bact., 28, 1934, 418; Rhodobacillus 
palustris Sickles and Shaw, Jour. Bact., 
38, 1939, 241.) Decomi)oses the specihe 
carbohydrate of pneumococcus type III. 
From swamp and other uncultivated soils. 

Bacillus palustris var. gelaticus Sickles 
and Shaw {loc. cit., 419). A variety that 
decomposes agar slightly. Found only 
once. 

Bacillus paucicutia Burchard. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 1, 1902, 
27.) From rye bread. 

Bacillus pectocutis Burchard. ' (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 1, 1902, 
24.) From the air. 

Bacillus pelagicus Russell. (Bot. 
Gaz., 18, 1893,383.) From sea water and 
marine mud from Woods Hole, Massa¬ 
chusetts. 

BaciUus peUucidus Soriano. (Revista 



FAMILY BACILLACEAE 


751 


del Instil. Bacteriol., Buenos Aires, 
1936, 667.) Author says colonies resem¬ 
ble Bacillus simplex. Habitat probably 
in soil. 

Bacillus pepiogenes (Buchanan and 
Hammer) Bergey et al. (Bacterium 
peptogenes Buchanan and Hammer, Iowa 
Agr. Exp. Sta. Res. Bull. 22, 1915, 273; 
Bergey et al., Manual, 1st ed., 1923,293.) 
From a tube of litmus milk after auto¬ 
claving. 

Bacillus peptonans Chester. (Bacil¬ 
lus lactis peptonans Sterling, Cent. f. 
Bakt., II Abt., 1, 1895, 473; Chester, 
Man. Determ Bact., 1901, 271.) From 
milk. Very similar to Bacillus mesen- 
tericus vulgalus Fliigge. 

Bacillus peptonificans Lubenau. 
(Cent. f. Bakt., I* Abt., Orig., 40, 1906, 
435.) Similar to Bacillus subtilis. Be¬ 
lieved to be the cause of an epidemic of 
gastroenteritis. 

Bacillus pcrlucidulus Saito. (Jour. 
Coll. Sci., Imp. Univ., Tokyo, 23, Art. 
15, 1908, 43.) Isolated 3 times from 
garden air. 

Bacillus petiolatus Saito. (Jour. CoW. 
Sci., Imp. Univ., Tokyo, 23, Art. 15,1908, 
48.) Isolated twice from garden air. 

Bacillus phascoli von Wahl. (Cent. f. 
Bakt., II Abt., 16, 1906, 500.) From 
canned beans. 

Bacillus phenolphilos Bartels. (Cent, 
f. Bakt., II Abt., 108, 1940, 21.) Good 
growth on media containing m/50 phenol. 
One culture isolated from soil. 

Bacillus picrogenes Patrick and Work¬ 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 410.) Ferments xylan. One cul¬ 
ture isolated from decayed watermelon. 

Bacillus piliformis Tyzzer. (Jour. 
Med. Research, 37, 1917, 307.) All at¬ 
tempts to cultivate the organism failed 
except when mixed with a streptotoccus. 
Considered aerobic by Ford (Textbook of 
Bact., 1927,712). Causes fatal disease of 
Japanese w'altzing mice. 

Bacillus piscicidus Migula. (Bacillus 
piscicidus agilis Siebert, Gazetalekarska, 
1895, Xo. 13-17; abst. in Cent. f. Bakt., 


17, 1895, 888; Bacterium piscicidus agilis 
Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 140; Migula, Syst. 
d. Bakt., 2, 1900, 662; Bacillus piscicidus 
nobilis (sic) Babes and Riegler, Cent, 
f. Bakt., II Abt., Orig., 33, 1902-03,440.) 
Cause of a fish epidemic in St. 
Petersburg. 

Bacillus pisi von W’^ahl. (Cent. f. 
Bakt., II Abt., 16, 1906, 502.) From 
young peas. 

Bacillus platychoma Gray and Thorn¬ 
ton. (Cent. f. Bakt., II Abt., 73, 1928, 
93.) Phenol is attacked. Three strains 
isolated from soil. 

Bacillus plexiformis Goadby. (Dental 
Cosmos, 4^y 1000,322.) From the mouth. 

Bacillus plicatus Deetjen. (Deetjen, 
Inaug. Diss., Wurzburg, 1890; not Bacil¬ 
lus plicatus Frankland and Frankland, 
Philos. Trans. Royal Soc. London, 178, 
B, 1887, 273; not Bacillus plicatus Zim- 
mermann, Bakt. umserer Trink- u. Nutz- 
wasser, Chemnitz, I Reihe, 1890, 54; not 
Bacillus plicatus Copeland, Kept. Filtra¬ 
tion Commission, Pittsburgh, 1899, 348; 
not Bacillus plicatus Chester, Man. 
Deterin. Bact., 1901, 275.) From 

sausage. 

Bacillus pollacii Pavarino. (Atti R. 
.Accad. Kaz. Lincei Rend. Cl. Sci. Fis. 
Math, e Nat., 20, 1911, 233.) Reported 
to cause depressed spots on leaves of 
Odontoglossum citrosmum. 

Bacillus populi Brisi (Atti Cong. 
Nat. Ital. Pom. della Soc. Ital. di Sci. 
Nat. Milano, 1907, 370.) Reported as 
cause of galls on branches of poplar trees 
(Populus sp.). 

Bacillus pseudanthracis Kruse. (Milz- 
brandiihnlicher Bacillus, Burri, Hyg. 
Rundschau, 4t 1894,339; abst. in Cent. f. 
Bakt., 16, 1894, 374; Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl,, 2, 1896, 
233; not Bacillus pseudanthracis Wahr- 
lich, Bakteriol. Studien, Petersbui^, 
1890-91, 26; Bacillus pseudo-anthracis 
Chester, Man. Determ. Bact., 1901,280.) 
From South American bran. 

Bacillus pseudocoecus Migula. (Bacil- 
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lus No. 11, Pansini, Arch. f. path. Anat., 
IPP, 1890,446; Migula, Syst. d. Bakt., 
1900, 557.) From sputum. 

Bacillus pseudodipkthericum magnus 
pdcgaard. (Acta Path, et Microbiol. 
Scand., 21^ 1944, 451; sec £]ndi(ott, Biol. 
Abst., 20, 1946, 12926.) From the nose 
of a child suspected of having diphtheria. 
Resembles Coryncbacterium diphtheriae 
in young cultures. Non-pathogenic. 

Bacillus pseudofusiformis Saito. 
(Jour. Coll. Sci., Imp. Univ., Tokyo, 28, 
Art. 15, 1908, 47.) Isolated once from 
garden air. 

Bacillus pseudosubtilis Migula. 

{Bacillus subtilis similis Sternberg, 
Manual of Bact., 1893,679; Migula, Syst. 
d. Bakt., 2, 1900,618.) From the liver of 
a yellow fever cadaver. 

Bacillus punciiformis Chester. (Bacil¬ 
lus No. 23, Conn, Storra Agr. Exp. Sta. 
Uept., 1893, 53; Chester, Man. Deterni. 
Bact., 1901,284.) From milk. 

Bacillus pycnoticus Grohmann. (Cen t. 
f. Bakt., II Abt., 61, 1024, 261; Ruhland 
and Grohmann, Jalirb. wissensch. 
Botanik, 63, 1924, 321; Hydrogenomonas 
pycnoiica Bergey et al., Manual, 3rd ed., 
1930, 34.) Oxidizes hydrogen in the 
presence of oxygen to form water. Pre¬ 
sumably widely distributed in soil. 

Bacillus quercifalius Dectjcn. (Deet- 
jen, Inaug. Diss., Wtirzburg, 1890; 
Bacterium quercifolium Migula, Syst. d. 
Bakt., 2, 1900, 309.) From sausage. 

Bacillus rarerepertus Schieblich. 
(Cent. f. Bakt., I Abt., Orig., 124 , 1932, 
269.) From beet leaves. 

Bacillus rarus Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 456.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from forest soil of 
Germany. 

BaeiUus repens Gibson. (Cent. f. 
Bakt., II Abt., 92, 1935, 370.) Decom- 
poses urea. Eight strains isolated from 
soil. 

Bacillus replans Ghosh. (Compt. 
rend. Soc. Biol., Paris, 86, 1922, 914.) 
From a case of appendicitis. 


Bacillus retaneus Grohmann. (Mor- 
phologisch- biologische Beitrage zur 
Kenntnis der WasserstotTbakterien, In¬ 
aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., 61, 1924,267; Ruhland and 
Grohmann, Jahrb. wissensch. Botanik, 
68, 1924, 321.) Oxidizes hydrogen in the 
presence of oxygen to form water. Pre¬ 
sumably widely distributed in soil. 

Bacillus reiiformis Migula. (Netz- 
bacillus, Maschek*, Bakt. Untersuch. d. 
Leitmeritzer Trinkwasser, Leitmeritz, 
1887; Migula, Syst. d. Bakt., 2, UHX), 712.) 
From water. 

Bacillus robuslus Weiss. (Weiss, Arb. 
bakt. Inst. Karlsruhe, Heft 3, 1902, 
247; not Bacillus robustus Blau, Cent, 
f. Bakt., II Abt., 16, 1905, 134.) From 
fermenting beets. 

Bacillus ruber Zimmermann. fZim- 
mermann, Dio Jhikt. unsercr Trink- u. 
Nutzwiisser, Chemnitz, /, 1890, 24; not 
Bacillus ruber Cohn, Boitr. z. Biol, d 
Plianz., 1, Heft 3, 1875, 181; Bacillus 
pseudoruber Migula, Syst. d. Bakt , 2, 
1900, 850; ErythrobaciUus ruber Holland, 
Jour. Bact., 5, 1920, 223, line 15; Serraiin 
rubra Bergey et al.. Manual, 1st ed., 
1923, 92; Chromobacterium ruber Topley 
and Wilson, Princip. of Bact. and Im- 
mun., 1, 1931, 402.) From Chemnitz 
tap water. Spherical spores. See 
Manual, 5th ed., 1939,607 for a description 
of this species. 

Bacillus rufescens Stiihrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 178.) Charac¬ 
terized by good growth on Ca n-butyrate 
agar. One culture isolated from garden 
soil of Germany. 

Bacillus rufulus Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 28, Art. 15, 
1908, 59.) Isolated 3 times from garden 
air. 

Bacillus rugosus. Ilenrici. (Henrici, 
Arb. bakt. Inst. Karlsruhe, 1, Heft 1, 
1894, 28; not Bacillus rugosus Wright, 
Mem. Acad. Sci., 7, 1895, 438; not 
Bacillus rugosus Chester, Man. Determ. 
Boot., 1901, 220.) From Swiss cheese. 

Bacillus rugulosus StUhrk. (Cent. f. 
Bakt., II Abt., 98, 1935, 181.) One of a 
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group of species described as growing 
well on Ca n-butyrate agar. Three 
strains isolated from soils of Germany, 
Cuba, and Italy. 

Bacillus sacchari Janse. (Mededeel. 
uit’s Lands. Plantentuin, P, 1891, 1.) 
Reported to cause sereh, a disease affect¬ 
ing sugar cane (Saccharum officinarum). 
Went (Arch, voor de Java Suikerindus- 
trie, 1895, 689) regards this as probably 
Bacillus suhtilis. 

Bacillus saccharolyticus Nepomnjat- 
schjaja and Libermann. (Jour. f. 
Mikrobiol., Ukraine, 5, 1938, 57; abst. in 
Cent. f. Bakt., II Abt., 101, 1940, 81.) 
From plum preserves. A gas-producing 
rod. 

Bacillus saccobranchi Dobelh (Quart. 
Jour. Micro. Sci., 66, 1911, 441.) From 
heart blood of a fish {Saccobranchus 
fossilia ). 

Bacillus sarUiagensis StUhrk. (Cent, 
f, Bakt., II Abt., 9S, 1935, 188.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from Cuban soil. 

Bacillus saprogenes Migula. (Bacillus 
aaprogenes vini III, Kramer, Bakteriolo- 
gie in ihren Beziehungen zur Landwirt- 
schaft, F, 1892, 137; Migula, Syst. d. 
Bakt., F, 1900, 572; not Bacillus sapro¬ 
genes I, II and III, Herfeldt, Cent. f. 
Bakt., II Abt., 1, 1895, 77; not Bacillus 
saprogenes Salus, Arch. f. Hyg., 61, 1904, 
115.) From wine. 

Bacillus saprogenes Chester. {Bacil¬ 
lus saprogenes vini VI, Kramer, Bak- 
teriol. Landwirtsch., 2, 1892, 139; Ches¬ 
ter, Man. Determ. Bact., 1901, 289; not 
Bacillus saprogenes Trevisan, I generi ,e 
le specie delle Batteriacee, 1889, 17.) 
From wine. 

Bacillus acaher (Duclaux) Trevisan. 
{Tyrothrix acaber Duclaux, .Ann. Inst. 
Nat. Agron., 4, 1882, 23; Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
16.) From milk. 

Bacillus scholtelii Trevisan. (Darm- 
bacillus, Lydtin and Schottelius, Der 
Rotlauf der Schweine, Weisbaden, 1885, 
214; Bacillus coprogenes foetidus Flligge, 
Die Mikroorganismen, 2 Aufi., 1886, 305; 


Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1889, 17; Bacterium coprogenes 
Migula, Syst. d. Bakt., 2, 1000, 327; 
Bacterium scholtelii Chester, Man. De¬ 
term. Bact., 1901, 197.) From the 
intestinal contents of swine. 

Bacillus segetalis Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 467.) Charac¬ 
terized by growth on Ca n-butyrate agar. 
One strain isolated from soil in Germany. 

Bacillus septico-aerobius Hauduroy et 
al. (Bacillc septique a4robie, Legros, 
Th6se M4d., Paris, 1902; Hauduroy et al., 
Diet. d. Bact. Path., 1937,46.) Aerobic, 
facultative. From a case of acute gaseous 
gangrene. 

Bacillus sepiicus insectorum Krassil- 
stschik. (Memoires de la Soc. Zool. de 
France, 6, 1893, 250.) From cockchafer 
larvae {Melolontha melolontha), 

Bacillus serrulatus StUhrk. (Cent. f. 
Bakt., II Abt., 96, 1935, 193.) Only 
moderate growth on Ca n-butyrate agar. 
One culture isolated from Cuban soil. 

Bacillus sesami Malkoff. (Cent. f. 
Bakt., II Abt., 16, 1906, 665.) Patho¬ 
genic on sesame {Sesainum), 

Bacillus siccus Chester. (Bacillus No. 
25, Conn, Storrs Agr. Exp. Sta. Kept., 
1893, 63; Chester, Man. Determ. Bact., 
1901,284.) From milk. 

Bacillus similis Schroeter. (Bacillus 
II, Bienstock, Ztschr. f. klin. Med., 8, 
1884, Heft 1 and 2; Schroeter, in Cohn, 
Kryptog.-Flora v. Schlesien, 8, 1, 1886, 
160; Bacillus coprocinus Trevisan, 1 
generi e le specie delle Batteriacee, Milan, 
1889,15; Bacillus faecalis No. II, Kruse, 
in FlUgge, Die Mikrooiganismen, 3 Aufl., 
8, 1896, 215; Bacterium simile Chester, 
Man. Determ. Bact., 1901, 197.) From 
feces. 

Bacillus similis Eckstein. (Arch. f. 
Forst- u. Jagdwesen, 26, 1894,11.) From 
infected larvae of the nun moth {Lyman- 
tria monacha), etc. 

Bacillus similityphosus Migula. (Ty- 
phus&hnlicher Bacillus, Maschek, Bakt. 
Untersuch. d. Leitmeritz. Trinkwtoer, 
Leitmeritz, 1887; Migula, Syst. d. Bakt., 
2, 1900,730.) From water. 
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BaeiUus ainapivagus Kossowicz. 
(Cent. f. Bakt., II Abt., A5, 1909, 241.) 
From pickles. 

Baeillua sambrosus Kern. (Arb. bakt. 
Inst. Karlsruhe, I, Heft 4, 1896, 429.) 
From the stomach of a bird. 

Bacillua aorghi Burrill. (The Micro¬ 
scope, 7, 1887, 321; Proc. Amer. Soc. 
Microscopists, 1888, 193; Bacterium 

aorghi Chester, Delaware Agr. Exp. Sta. 
Ann. Kept., P, 1897, 127; Elliott and 
Smith, Jour. Agr. Res., S8, 1928, 1.) 
Reported to cause a disease of sorghum 
{Holcua sorghum). 

Bacillus soito Paillot. (Sotto-Bacillus, 
Ischivata, quoted from Aoki and Chi- 
gasaki, Mitteil. d. Med. Fakul. d. k. 
Univ. 2 . Tokyo, IS, 1915,419 and f 1915, 
59; Bacterium sotto Metalnikov and 
Chorine, Internat. Corn Borer Invest., 
Sci. Repts., i, 1928, 56; Paillot, ibid,, 1, 
1928, 77-106.) From silkworms (Bombyx 
mori). Sotto is Japanese for ^*plotzlich 
hinfallen''. 

Bacillua spatiosua Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, BS, Art. 15, 
1908,56.) Isolated once from garden air. 

Bacillus apermatozoides Eckstein. 
(Ztschr. f. Forst- u. Jagdwesen, B6, 1894, 
13.) From dead moths (Hyponomeuta 
evonymdla). 

BacUlvs sphaerosporua Beijerinck. 
(Cent. f. Bakt., II Abt., B6, 1909, 45.) 
This organism has round terminal spores 
and produces nitrous oxide from nitrates. 
From garden soil. 

Bacillua aphaeroaporus calco-aceticua 
Beijerinck (loc, cit,, 46). A variety of 
the above having spherical to ellipsoidal 
spores. 

Bacillua apinoaporua Soriano. (The¬ 
sis, Univs Buenos Aires, 1935, 562.) 
Spores spinate like some strains of 
Bacillua polymyxa. No gas formed. 
One strain isolated from soil. 

Bacillua apiralis Migula. (Syst. d. 
Bakt., B, 1900, 624.) From water. 

Bacillua apirogyra Dobell. (Quart. 
Jour. Micro. Sci., SS, 1909, 579 and 66, 
1911, 434.) From large intestine of frog 
(Hana lentporaria) and toad (Bufo vvl- 
garia). 


Bacillua apongioaua Aderhold and Ruh- 
land. (Cent. f. Bakt., II Abt., 16, 1906, 
376.) Found in the gum masses dis¬ 
charged by cherry trees. 

Bacillua aporonema Schaudinn. (Arch, 
f. Protistenkunde, B, 1903, 421.) From 
sea water. 

Bacillus spuriua Grohmann. (Mor- 
phologisch-biologische Beitr&ge zur 
Kenntnis dcr Wassers toff bakt erien, In- 
aug. Diss., Univ.' Leipzig, 1923; Cent. f. 
Bakt., II Abt., 61, 1924, 267; Ruhland 
and Grohmann, Jahrb. wissensch. 
Botanik, 6S, 1924,321.) Oxidizes hydro¬ 
gen in the presence of oxygen to form 
water. Presumably widely distributed 
in soil. 

Bacillua aputi Chester. (Bacillus No. 
6, Pansini, Arch. f. path. Anat., IBB, 
1890, 442; Chester, Man. Determ. Bact., 
1901,280.) From sputum. 

Bacillus aquamiformia Saito. (Jour. 
Coll Sci., Imp. Univ., Tokyo, B$, Art. 15, 
1908, 54.) Isolated 9 times from garden 
soil. 

Bacillua atellaria Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, BS, Art. 15,1908, 
52.) Isolated 6 times from garden air. 

Bacillua atellatua Zimmermann. (Zim- 
mermann, Bakt. unserer Trink- u. Nutz- 
w&sser, II Reihe, 1894, 14; not Bacillua 
stellatus Chester, Man. Determ. Bact., 
1901, 274; not Bacillua atellatua Vincent, 
Ann. Inst. Past., Bl, 1907, 62.) From 
water. 

Bacillus streptoformia Migula. (Sal- 
peter zerstorenden Bacillus, Schirokikh, 
Cent. f. Bakt., II Abt., B, 1896, 204; 
Migula, Syst. d. Bakt., B, 1900, 682; 
Bacillua achirokikhi Chester, Man. De¬ 
term. Bact., 1901, 252; Bacillua denitri- 
ficana Chester, ibid., 274.) From horse 
feces. Utilizes potassium nitrate. 

Bacillua auaveolena Sclavo and Gosio. 
(Quoted from Omeliansky, Jour. Bact., 
8, 1923, 398.) No source given. 

Bacillua aubcuticularia Migula. 
{Bacillua cuticularia albua Tataroff, In- 
aug. Diss., Dorpat, 1891, 24; Migula, 
Syst. d. Bakt., B, 1900, 623; Bacillua 
cuticularia Chester, Man. Determ. Bact. 
KOI, 285.) From water. 
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Bacillus Bvblanaiua Wright. (Mem. 
Nat. Acad. Sci., 7, 1895, 455.) From 
water. 

BaciUua aubluatris Schieblich. (Cent, 
f. Bakt., II Abt., 58, 1923, 206.) Com- 
monly isolated from green and fermenting 
fodders. 

Bacillus submarinus ZoBell and Up- 
ham. (Bull. Scripps Inst, of Oceanogra¬ 
phy, Univ. Calif., 5,1944,267.) Central 
ovate spores. From marine bottom 
deposits. 

Bacillus (Strepiobacter) subtiliformis 
Schroeter. {Bacillus /, Bienstock, 
Ztschr. f. klin. Med., 8, Heft 1 and 2, 
1884; Schroeter, in Cohn, Kryptog.- 
Flora V. Schlesien, 8, 1,1886,160; Bacil¬ 
lus mesenthericus (sic) Trevisan, I generi 
e le specie delle Batteriacee, Milan, 1880, 
15; not Bacillus mesentericus Trevisan, 
ibid.f 19; Bacillus subiilis simulans /, 
I]isenberg, Bakt. Diag., 3 Aufl., 1891, 
189; Bacillus faecalis No. I, Kruse, in 
FlQgge, Die Mikroorganismen, 3 Aufl., 
1896, 215; Bacterium subtile Migula, 
Syst. d. Bakt., 8, 1900, 292; Bacterium 
subtiliforme Chester, Man. Determ. 
Bact., 1901, 197.) From feces. 

Bacillus succinicus Fitz. (Quoted 
from DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 966.) From 
infusions. 

Bacillus suffuscus Grohmann. (Mor- 
phologisch-biologische Beitrage zur 
Kenntnis der WasserstofTbakterien, In- 
aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., 8/, 1924, 267;Ruhland 
and Grohmann, Jahrb. wissensch. 
Botanik, 88,1924,321.) Oxidizes hydro¬ 
gen in the presence of oxygen to form 
water. Presumably widely distributed 
in soil. 

Bacillus supraresislans StUhrk. 
(Cent. f. Bakt., II Abt., 88, 1935, 185.) 
Very good growth on Ca n-butyrate agar. 
One culture isolated from soil in Germany. 

Bacillus surgeri Domic and Daire. 
(Bull, mcnsuel de POffice de renseigne- 
ments agricoles, 8, 1907; abst. in Rev. 
G4n. du Lait., 8, 1907, 1^.) Spores not 
observed but author stated that they 
were probably present because this 


species could withstand 85'’C for 5 
minutes. From whey. 

Bacillus tahaci III, Koning. (Tijdschr. 
voor toegepaste scheikunde en hygiene. 
Deel 1, 1^7. See Behrens, Mykologie 
der Tabakfabrikation, in Lafar, Hand- 
buch der techn. Mykologie, 5,1^5,11.) 
Thermophilic. Probably from soil. 

Bacillus tardivus Stuhrk. (Cent. f. 
Bakt., II Abt., 88, 1935, 177.) Very 
slight growth on Ca n-butyrate agar. 
One culture isolated from garden soil of 
Germany. 

Bacillus technicus Morikawa and Pres¬ 
cott. (Jour. Bact., IS, 1927, 58; also see 
Morikawa, Bull. Agr. Chem. Soc. Japan, 
8, 1927, 28.) Produces butyl and iso¬ 
propyl alcohols. Source not given. 

Bacillus tenax Eckstein. (Ztschr. f. 
Forst- u. Jagdwesen, 88,1894,14.) From 
larvae of the nun moth {Lymantria 
monacha ). 

Bacillus tenuis non-liquefaciens Chou- 
kdvitch. (Ann. Inst. Past., 85,1911,352.) 
From large intestine of horse. 

Bacillus ierminalis Migula. (Bacillus 
No. XII, Fliigge, Ztschr. f. Hyg., 17, 
1894,296; Bacillus lactis No. XII, Kruse, 
in Fliigge, Die Mikroorganismen, 3 Aufl., 
8, 1896, 269; Migula, Syst. d. Bakt., 8, 
1900, 578; Bacillus lacteus Chester, 
Man. Determ. Bact., 1901, 291.) From 
milk. A duplicate of Bacterium semper- 
vivum Migula. 

Bacillus ierminalis var. thermophilus 
Prickett. (N. Y. Agr. Exp. Sta. Tech. 
Bull. 147, 1928, 44.) Produces a brown 
water soluble pigment on agar; optimum 
temperature 55®C to 65®C. Fourteen 
strains from raw and pasteurized milk, 
milk powder, and skin of a cow. 

Bacillus ierrestris Werner. .(Dent. f. 
Bakt., II Abt., 87, 1933, 461.) Weak 
growth on Ca n-butyrate agar. Two 
strains isolated from soils of Germany. 

Bacillus teianoides Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 88, Art. 15, 
1908,49.) Isolated once from garden air. 

Bacillus thalassokoiies ZoBell and Up- 
ham. (Bull. Scripps Inst, of Oceanogra¬ 
phy, Univ. Calif., 5,1944,268.) Central 
spores. From marine bottom deposits. 
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BociUm theae Hori and Bokura. (Jour. 
Plant Protectiont Tokyo, F, 1915, 1.) 
Pathogenic for tea {Thea atneneta). 

BaeiUw ihermoabundaris Beaver. 
(Dissertation, Ohio State University, 
Oolumbus, 19^, 31.) Thermophilic, sub¬ 
terminal spores. Growth at 55'*C, less 
growth at 37^C. From malted milk 
powder. 

BaeilluB ikermoaeeiigenitus Beaver, 
loc. ci<., 25. Thermophilic, central 
spores. No growth at 37^0. From 
vinegar. 

Bacillus thennoacidificana Renco. 
(Ann. Microbiol., F, 1942, 000.) From 
Grana cheese whey. This is stated by 
Gorini (R. 1st. Lombardo Sci. e. Lett., 
Rend., 76, 7« della Ser. 3, 1942, 3) to be 
the same as Bacillus lactis termophilus 
Gorini. 

Bacillus ihermoactivus Beaver, loc. 
eit.f 27. Thermophilic, central spores. 
No growth at 37^0. From home-canned 
beets. 

Bacillus ihermoannulatus Beaver, loc. 
eii .9 17. Thermophilic, subterminal 
spores. No growth at 37^0. From com¬ 
mercially canned tomatoes. 

Bacillus thermoaquatilis Beaver, loc. 
ciL, 18. Thermophilic, subterminal 
spores. No growth at 37^0. From a 
warm spring at Springfield, Ohio. 

Bacillus Ihermoarborescens Beaver, 
loc. cit., 30. Thermophilic, sub-terminal 
to central spores. Growth at 55^C, less 
growth at 37®C. From candy. 

Bacillus thermobutyrosus Beaver, loc. 
cit., 15. Thermophilic, subterminal 
spores. No growth at 37®C. From com¬ 
mercially canned tomatoes. 

Bacillus thermocompactus Beaver, loc. 
ict., 20. Thermophilic, subterminal 
spores. No growth at 37^0. From red 
grapes stored in sawdust. 

Bacillus ihermodactylogenitus Beaver, 
loc. cU., 28. Thermophilic, central to 
subterminal spores. Growth at 37'’C 
and 55^0. From commercially packed 
dates. 

Bacillus thermoefferveseens Beaver, loc. 


cit., 23. Thermophilic, central spores. 
No growth at 37^0. From commercially 
canned peas. 

Bacillus thermofaecalis Beaver, loc. 
cit., 30. Thermophilic, subterminal 
spores. Growth at 55^0. From feces of 
robin. 

Bacillus thermofibrincolus Itano and 
Arakawa. (Ber. d. Ohara Inst. f. land- 
wirsch. Forschungen, Japan, 4, 1929,265.) 
Thermophilic; decomposes cellulose. 
From soil containing decomposed leaves. 

Bacillus thermofiliformis Beaver, loc. 
cit., 22. Thermophilic, subterminal 
spores. No growth at 37®C. From com¬ 
mercially canned peas. 

Bacillus thermogrcmi Beaver, loc. cit., 
16. Thermophiliof, subterminal spores. 
No growth at 37®C. From commercially 
canned corn. 

Bacillus thermolongus Beaver, loc. cit., 
19. Thermophilic, subterminal spores. 
No growth at 37®C. From commercially 
canned tomatoes. 

Bacillus thermolubricans Beaver, loc. 
cit., 26. Thermophilic, central spores. 
No growth at 37®C. From lubricating oil. 

Bacillus thermononodorus Beaver, loc. 
cit., 26. Thermophilic, central spores. 
No growth at 37®C. From tap water. 

Bacillus thermonubilosus Beaver, loc. 
cit., 19. Thermophilic, subterminal 
spores. No growth at 37®C. From soil. 
Yellow Springs, Ohio. 

Bacillus thermoodoratus Beaver, loc. 
cit., 29. Thermophilic, central spores. 
Growth at 56®, less growth at 37®C. From 
spoiled gelatin. 

Bacillus thermopellitus Beaver, loc. 
cit., 22. Thermophilic, central spores. 
No growth at 37®C. From old sour milk. 

Bacillus thermophilus Miquel. (Mi* 
quel, Ann. d. Microgr., 1, 1888, 4; Ba¬ 
cillus thermophilus miquelii Kruse, in 
Fltigge, Die Mikroorganismen, 3 Aufi., F, 
1896, 269; Bacterium termophilum (sic) 
Migula*, Syst. d. Bakt., F, 1900, 342; 
Bacterium miquelii Chester, Man.De¬ 
term. Bact., 1901, 186.) From the 
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iatestine, water and soil. Ther^ 
mophilic. No growth below 40^0. 

Bacillus thermophilus sojae Rokusho 
and Fukutome. (Jour. Agr. Chem. Soc., 
.Japan, IS, 1937, 1235.) From spon¬ 
taneously heating soy-bean cake. 

Bacillus thermosuavis Beaver, loc. 

24. Thermophilic, central spores. 
No growth at 37®C. From commercially 
canned mincemeat. 

Bacillus thermoienax Beaver, loc. cit., 
28. Thermophilic, subtcrminal spores. 
Growth at 37°C and 55°C. From ground 
horseradish. 

Bacillus thermourinalis Beaver, loc. 
cit., IS. Thermophilic, subterminal 
spores. No growth at 37®C. From hu¬ 
man urine. 

Bacillus thermo viscid us Beaver, loc. 
cit., 21/ Thermophilic, subterminal 
spores. No growth at 37®C^ From fresh 
p'g ovary. 

Bacillus thoracis Howard. (Gleanings 
in Bee Culture, 28, 1900, 124.) From 
black brood of th(? honey bee {Apis 
mellifera). 

Bacillus tracheitis sive graphitosis 
Krassilstschik. (Mcmoircs do la Soc. 
Zool. de France, 6, 1893, 250.) From 
diseased larvae of the cockchafer {Melo- 
lontha vielolontha), 

Bacillus tricomii Trevisan. (Bacillo 
della gangracna senilis, Tricomi, Riv. 
internaz. di Med. c Chir., 3, 1886, 73; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 13; Bacterium tricomii 
Migula, Syst. d. Bakt., 2, 1900, 310.) 
From a case of senile gangrene. 

Bacillus trifolii Voglino. (Ann. K. 
Accad. Agr. Torino, 39, 1896,85.) Patho¬ 
genic for clover (Trifolium pratense, T. 
repens, T. resupinatum). 

Bacillus tritus Batchelor. (Jour, 
Bact., 4f 1919, 29.) One culture from 
feces. 

Bacillus iuberis von Wahl. (Cent. f. 
Bakt., II Abt., 16, 1906, 503.) From 
cooked truffles (Tuber oestivum). 

Bacillus tuherosus Weiss. (Arb. bakt. 


Inst. Karlsruhe, 2, Heft 3, 1902, 248.) 
From fermenting beets. 

Bacillus tubifex Dale. (Annals of 
Bot., 26, 1912, isb.) Reported to cause a 
leaf disease of potato (Solanum tuberosum) 
and tomato (Lycopersicum esculentum). 
Bacillus iurgidus (Duclau.\) Trevisan. 
(Tyrothrix iurgidus Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, 23; Trevisan, I 
generi e Ic specie delle Batteriacee, 1889, 
16.) From milk. 

Bacillus tympani-cuniculi Morcos. 
(Jour. Bact., 23, 1932, 454.) Causes 
tympanitis in young rabbits. 

Bacillus ubicuitarius Soriano. (Es- 
tudio sistematico de algunas bacterias 
esporuladas aerobias. Thesis, Univ. 
Buenos Aires, 1935, 569.) Four cultures 
isolated from soil. 

Bacillus ulna Cohn. (Cohn, Beitr. z. 
Biol. d. Pflanz., 1, Heft 2, 1872, 177; also 
see Prazmowski, Untersuch. ii. d. Ent- 
wickelungpges. u Fermentwirk. einiger 
Bakterienarten, Leipzig, 1880, 20.) 

Found once in an infusion of cooked 
egg-white. 

Bacillus unriulatus den Dooren de 
Jong. (Bull. Assoc. Diplomas de Micro¬ 
biol. Nancy, No. 26-27, 1946, 12.) From 
soil. 

Bacillus uvaeformis Kern. (.\rb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 415.) 
From the stomachs and intestines of 
birds. 

Bacillus vaculatus Ravenel. (Mem. 
Nat. Acad. Sci., 8, 1896, 31.) From soil. 

Bacillus validus Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935, 97.) Four 
cultures isolated from soil from Ger¬ 
many, Cuba, and Egypt. 

Bacillus vedinovorans Heigener. 
(Cent. f. Bakt., II Abt., 93, 1935, 104.) 
Good growth on valine agar. Five strains 
isolated from soils from Egypt, Germany, 
Ifaly, and Palestine. 

Bacillus variant Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 23, Art. 15, 
1908, 50.) Isolated 11 times from gar¬ 
den air. 

Bacillus ventricosus Heigener. (Cent. 
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f. Bakt., II Abt., 9S, im, 102; not 
BaciUut venirieosua WeisBy Arb. bakt. 
Inat. Karlsruhey $, 1898, 233.) One 
culture isolated from soil from Italy. 

BaciUva ventrieuhu Koch. (Botan. 
Zeitung, 4^, 1888, 341.) From slices of 
carrot exposed to the air. Formed two 
spores in a spindle-shaped sporangium. 

Bacillus vemicosus Zimmermann. 
(Bakt. unserer Trink- u. Nutzw&ssery 
ChemnitZy II Reihe, 1894,46; not Bacil¬ 
lus vsmieosus Migula, Syst. d. Bakt., 2, 
1900, 781.) From waste water. 

Bacillus vsrticiUatus Ravenel. (Rav- 
enel, Mem. Nat. Acad. Sci., 8, 1896,13; 
Bacterium verticillatum Cheater, Man. 
Determ. Bact., 1901,192.) From soil. 

Bacillus vesicas Migula. {Bacillus 
scpticus vesicas Clado, quoted from 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
341; Migula, Syst. d. Bakt., 2, 1900,620.) 
From urine in a case of cystitis. Prob¬ 
ably is Bacillus cladoi Trevisan. 

Bacillus vUlosus Zimmermann. (Bakt. 
unserer Trink- u. Nutzw&sser, Chemnitz, 
II Reihe, 1894, 38; not Bacillus villosus 
Keck, Inaug. Diss., Dorpat, 1890, 47.) 
From water. 

Bacillus violaceus Eisenberg. (Bakt. 
Diag., 2 Aufl., 1888, 8; not Bacillus vio¬ 
laceus Schroeter, Kryptogamen-Flora 
von Schlesien, 5, 1886, 157; not Bacillus 
violaceus Frankland and Frankland, 
Ztschr. f. Hyg., 6, 1888, 394.) Said to 
produce central spores. From water. 

Bacillus viridi-glaucescens Sack. 
(Cent. f. Bakt., II Abt., 66, 1925, 113.) 
From several kinds of soil. 

Bacillus viridiluteus Pagliani et al. 
(Orflngelber, nicht verflUssiger Bacillus, 
Eisenberg, Bakt. Diag., 1 Aufl., 1886, 
Tab. 6; Pagliani, Maggiora and Fratini, 
Soc. ital. d’igiene; 1887,586, see Trevisan, 
I generi e le specie delle Batteriacee, 
1889,19). From water. 

Bacillus viseosus bruxellensis van Laer 
(Cent. f. Bakt., II Abt., 2S, 1909, 159.) 
From beer wort. 

Bacillus viticola Burgwitz. {Bacillus 
vMs Merjanian and Kovaleva, Prog. 
Agrie. et Vitic., 96, 1930,594 and 96, 1931, 


17; not Bacillus viiis Montemartini, 
Rev. Patol. Veg., 6, 1913,175; Burgwitz, 
Phytopath. Bacteria, Leningrad, 1935, 
37.) Pathogenic for the grape vine. 

Bacillus vHreus Migula. (No. 11, 
Lembke, Arch. f. Hyg., 26, 1896, 306; 
Migula, Syst. d. Bakt., 2, 1900, 569.) 
From the intestines of infants. 

Bacillus vogelii Migula. (Roter Kart- 
off elbacillus, Vogel, Ztschr. f. Hyg., 26, 
1897, 404; Migula,* Syst. d. Bakt., 2, 
1900,556; Bacillus viseosus Chester,Man. 
Determ. Bact., 1901, 286; not Bacillus 
viseosus Frankland and Frankland, 
Ztschr. f. Hyg., 6, 1889, 391.) From 
stringy bread. 

Bacillus waizmannii Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 462.) Weak 
growth on Ca n-butyrate agar. One 
culture isolated from soil of Germany. 

Bacillus weigmanni Migula. (Bak- 
terie II, Weigmann and Zirn, Cent. f. 
Bakt., 16, 1894, 465; Migula, Syst. d. 
Bakt., 2, 1900, 693.) From soapy milk. 

Bacillus xylanicus Patrick and Work¬ 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 415.) Ferments xylan. One cul¬ 
ture isolated from decayed apple wood. 

Bacillus xylophagus Patrick and Work¬ 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 414.) Ferments xylan. One cul¬ 
ture isolated from decayed apple wood. 

Bacillus zirnii Migula. (Bakterie III, 
Weigmann and Zirn, Cent. f. Bakt., 16, 
1894,466; Migula, Syst. d. Bakt., 2, 1900, 
693.) From soapy milk. 

Bacterium adametzii Migula. (Bacil¬ 
lus No. XIV, Adametz, Landwirtsch. 
Jahrb., 18, 1889, 246; Migula, Syst. d. 
Bakt., 2, 1900, 338; Bacterium rugosum 
Chester, Man. Determ. Bact., 1901,194.) 
From cheese. 

Bacterium aloes Passalacqua. (Rev. 
Pat. Veg., 19, 1929,110.) From diseased 
aloes. 

Bacterium angulans Burchard. (In¬ 
aug. Diss., 1897; Arb. bakt. Inst. Karls¬ 
ruhe, 2, Heft 1,1902,43.) From water. 

Bacterium aqueum Migula. {Bacillus 
thermophilus VIII, Rabinowitsch, 
Ztschr. f. Hyg., 20, 1895, 160; Migula, 
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Syst. d. Bakt., S, 1900, 345; Bacterium 
ihermophilum F///, Chester, Man. 
Determ. Baot., 1901, 186.) From feces 
and corn. 

Bacterium arliculaium Kern. (Arb. 
bakt. Inst. Karlsruhe, f, Heft 4, 1897, 
445.) From the stomach and intestines 
of birds. 

Bacterium asparagi von Wahl. (Von 
Wahl, Cent. f. Bakt., II Abt., 16, 1906, 
498; Bacillus asparagi Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2, 1907, 
436.) From boiled asparagus. 

Bacterium brachysporum Burchard. 
(Inaug. Diss., 1897; Arb. bakt. Inst. 
Karlsruhe, 2, Heft 1, 1902, 20.) From 
bakery bread. 

Bacterium canadensis Chorine. (In- 
tcrnat. Corn Borer Invest., Sci. Rpts., 2, 

1929, 39; also Ann. Inst. Past., iS, 1929, 
1658; Bac, canadensis Chorine and Metal- 
nikov, .Vnn. Inst. Past., 4^, 1929, 1392; 
also Paillot, L’infection chez les insectes, 
1933, 134 where Bac. equals Bacterium, 
SCO index p. 522; Bacillus canadensis 
Steinhaus, Bacteria Associated Extra* 
ccllularly with Insects, Minneapolis, 
1942, 50.) In its general characters 
said to resemble Bacillus megatherium 
and other bacteria isolated from insects 
(Bacillus Ihnringiensis, Bacillus hoplo- 
sleriius, etc.). Pathogenic for larvae of 
Pyrausta nubilalis, Galleria mellonella, 
and Epheslia kuhniella. From diseased 
larvae of the corn borer. 

Bacterium cattleyae Pavarino. (Atti 
R. Accad. Naz. Lincei Rend. Cl. Sci. 
Fis., Mat. e. Nat., 20, 1911, 233.) P>om 
diseased orchids. 

Bacterium cazaubon Metal nikov. 
(Compt. rend. Soc. Biol., Paris, 105, 

1930, 536; two varieties. Bacterium 
cazaubon I and II, are recognized by 
Metalnikov, Ermolaev and Schobaltzyn, 
Internat. Corn Borer Invest., Sci. Repts., 
3, 1930, 30 and Ann. Inst. Past., 43, 1931, 
469.) From diseased corn borer larvae 
(Pyrausta nubilalis Hb.). 

Bacterium christiei Chorine. (Inter¬ 
nal. CJorn Borer Invest., Sci. Rpts., 2, 
1929, 46; also Ann. Inst. Post., 4^, 1929, 
1666.) According to the author, this 


closely resembles Bacterium ontarioni. 
Several strains isolated from diseased 
corn borers. 

Bacterium colomatii Chester. (Colo- 
matii, Breslaucr arztliche Ztschr., 1883, 
No. 4; Chester, Man. Determ. Bact., 
1901, 186.) From xerotic masses in 
conjunctivitis.* 

Bacterium deliense Swellengrebel. 
(Archiv f. Protist., SI, 1913, 277.) Ob- 
served in stained smears from the spleen 
of diseased cattle but not isolated. 
Two spores may form in a single cell if 
division is delayed. 

Bacterium ephestiae No. 1 and No. 2 
Metalnikov and Chorine. (Ann. Inst. 
Past., 43t 1929, 1394.) Not pathogenic 
for corn borer although the size of the 
larvae was reduced. Later, Ellinger 
and Chorine (Internat. Corn Borer 
Investigations, Sci. Rpts., 5, 1930, 37) 
identified these as strains of Bacillus 
thuringiensis. From diseased larvae of 
Epheslia kuehniella. 

Bacterium filiforme Henrici. (Hen- 
rici, Arb. bakt. Inst. Karlsruhe, 1, Heft 
1, 1894, 41; not Bacterium filiforme 
Migula, Syst. d. Bakt., 2, 1900, 296; 
Bacterium subfiliforme Migula, ibid., 
297.) From Swiss cheese. 

Bacterium galleriae No. 1, Chorine. 
(B&tonnet mince, Metalnikov, Compt. 
rend. Acad. Sci., Paris, 175, 1922, 69; 
Chorine, Ann. Inst. Past., 4i, 1927,1115.) 
From diseased larvae of the bee moth 
(Galleria mellonella). 

Bacterium galleriae Chorine. (Plus 
grand b&tonnet, Metalnikov, Compt. 
rend. Acad. Sci., Paris, 175, 1922, 70; 
Chorine, Compt. rend. Soc. Biol., Paris, 
95, 1926, 200; Bacterium galleriae No. 2, 
Chorine, Ann. Past. Inst., 41, 1927,1117.) 
From diseased larvae of the bee moth 
(Galleria mellonella}. Resembles BaeU^ 
lus megatherium. Pathogenic for the 
corn borer (Internat. Corn Borer Invest., 
Sci. Repts., 1, 1927,46). 

Bacterium galleriae No. S, Chorine. 
(Ann. Inst. Past., 41, 1927,1118.) From 
diseased larvae of the bee moth (Galleriae 
meUoneUa). Resembles Bacillus subtUis 
and Bacillus messnUricus. 
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BaeUrium giganteum Kern. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 4, 1896, 
453.) From the stomach and intestines 
of birds. 

Bacterium glaueeecena Migula. (Ba- 
cillue ihetmophiluB VI, Rabinowitsch, 
Ztschr. f. Hyg., ISO, 1895, 158; Migula, 
Syst. d. Bakt., F, 1900, 344; Bacterium 
thermophilum VI, Chester, Man. De¬ 
term. Bact., 1901, 185.) From feces. 

Bacterium glutinoeum Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
441.) From the stomach of a dove. 

Bacterium ilidzenee Migula. (Bacillus 

ilidzensis capsulatus Karlinski, Hy- 
gienische Rundschau, 6, 1895, 688; 
Migula, S 3 rst. d. Bakt., fS, 1900, 340.) 
From the water of a hot spring. Ther¬ 
mophilic. 

Bacterium implecians Burchard. (In- 
aug. Diss., 1897; Arb. bakt. Inst. Karls¬ 
ruhe, B, Heft 1, 1898, 29.) From drink¬ 
ing water. 

Bacterium insulasum Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, S, 1903, 16.) 
From meat extract. 

Bacterium insulum Weiss. (Arb. bakt. 
Inst. Karlsruhe, B, Heft 3, 1902, 252.) 
From fermenting malt. 

Bacterium intactum Migula. {Bacil- 
lua thermophilus V, Rabinowitsch, 
Ztschr. f. Hyg., BO, 1895, 158; Migula, 
Syst. d. Bakt., B, 1900, 344; Bacterium 
thermophilum V, Chester, Man. Determ. 
Bact., 1901, 185.) From feces and corn. 

Bacterium iris Migula. (Irisierender 
Bacillus, Tataroff, Inaug. Diss., Dorpat, 
1891, 57; Migula, Syst. d. Bakt., B, 1900, 
313; not Bacterium iris Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
125.) From water. ‘ 

Bacterium italicum No. 1 and No. 2, 
Metalnikov, Ermolaev and Skobaltzyn. 
(Ann. Inst. Past., 4^, 1931, 470; No. 2 is 
also described in Internet. Corn Borer 
Invest. Sci. Repts., 5, 1930, 30.) From 
larvae of the corn borer (Pyrausta 
nubilalis). 

Bacterium longum Kern. (Kern, 
Arb. bakt. Inst. Karlsruhe, 1, Heft 4, 
1894, 391; Bacterium squamosum longum 
Kem, ibid., 458; BaeiUus sguamosus 


longus Chorine, Ann. Inst. Past., 41 1 
1927, 1114.) From the intestines of a 
dove {Coluniba oenas). 

Bacterium lunula Dobell. (Quart. 
Jour. Micro. Sci., S3, 1909, 579.) From 
rectum of the toad (Bufo vulgaris). 
Uesembles Bacterium binucleatum Swel- 
lengrcbel.* 

Bacterium lydiae Migula. (Bacillus 
thermophilus /, Rabinowitsch, Ztschr. f. 
Hyg., BO, 1895, 156; Migula, Syst. d. 
Bakt., B, 1900, 343; Bacterium ther¬ 
mophilum I, Chester, Man. Determ. 
Bact., 1901, 185.) Widely distributed in 
soil, snow, feces, corn. 

Bacterium mansfieldii Chester. (Ba¬ 
cillus No. 18, Conn, Storrs Agr. Expt. 
Sta., 1893, 51; Chester, Man. Determ. 
Bact., 1901,197.) From milk. 

Bacterium markusfeldii Chester. (Ba¬ 
cillus der trichorrhexis nodosa, Markus- 
feld, Cent. f. Bakt., I Abt., Bt, 1897, 
^230; Chester, Man. Determ. Bact., 1901, 
192.) Associated with the disease, tricho¬ 
rrhexis nodosa. 

Bacterium mesentericum Migula. ( Ba- 
cillu’^ mesentericus panis viscosi /, Vogel, 
Ztschr. f. Hyg., B6, 1897, 404; Migula, 
Syst. d. Bakt., B, 1900, 314; Bacterium 
panis Chester, Man. Determ. Bact«, 
1901, 196.) From stringy bread dough. 

Bacterium mesenteroides Migula. (Ba¬ 
cillus No. XVII, Adametz, Landw. 
Jahrb., 18, 1889, 249; Migula, Syst. d. 
Bakt., B, 1900, 312; Bacterium viscosum 
Chester, Man. Determ. Bact., 1901,194.) 
From cheese. 

Bacterium modestum Bersteyn. (Arb. 
bakt. Inst. Karlsruhe, 5, 1903, 95.) 
From soil. 

Bacterium monstrosum Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
47.) From Swiss cheese. 

Bacterium nephritidis Migula. (Ba- 
cilltM nephritidis interstitialis Letzerich, 
Ztschr. f. klin. Med., IS, 188*,33; Migula, 
Syst. d. Bakt., B, 1900, 310; not Bac¬ 
terium nephritidis Chester, Man. De¬ 
term. Bact., 1901, 145.) From urine in 
cases of nephritis. 

Bacterium ochraceum Migula. {Ba¬ 
cillus viscosus achraceus Freund, Martin 
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Inaug. Di88.» Erlangen, 1893, 37; Migula, 
Syst. d. Bakt., F, 1900, 333.) From the 
oral cavity. 

Bacterium olivae Montemartini. (Atti 
Inst. Bot. Pavia Univ., 2 ser., 14 , 1914, 
154.) From diseased olive branches. 

Bacterium paludoaum Me Beth. (Soil 
Sci., /, 1916, 463.) Filter paper reduced 
to a white pulp-mass. From two soils in 
California. 

Bacterium perittomaticum Burchard. 
(Arb. bakt. Inst. Karlsruhe, 2, 1898,11.) 
Similar to or identical with Bacillus 
ruminatua (Gottheil, Cent. f. Bakt., II 
Abt., 7, 1901, 485). From soil. 

Bacterium pituitans Burchard. (In¬ 
aug. Diss., 1897; Arb. bakt. Inst. Karls¬ 
ruhe, 2, Heft 1, 1898, 8.) From a brown 
concretion in a cooked egg. 

Bacterium plicativum Weiss. (Weiss, 
Arb. bakt. Inst. Karlsruhe, 2, Heft 3, 
1902, 223; not Bacterium plicativum 
Migula, Syst. d. Bakt., 2, 1900, v and 
453.) From fermenting beets and malt. 

Bacterium plicatum Henrici. (Hen- 
rici> Arb. bakt. Inst. Karlsruhe, /, Heft 1, 
1894,49; not Bacterium plicatum Chester, 
Man. Deterni. Bact., 1901, 166.) From 
brick cheese. 

Bacterium peeudaceti Migula. (Ba¬ 
cillus No. XV, Adarnetz, Landw. Jahrb., 
18, 1889, 247; Migula, Syst. d. Bakt., 2, 
1900, 320; Bacterium turgidum Chester, 
Man. Determ. Bact., 1901, 195.) From 
cheese. Characteristic involution forms 
very similar to those of Bacillus aceti 
Hansen. 

Bacterium pseudomycoides Migula. 
(Migula, Syst. d. Bakt., 2, 1900, 486; 
Bacillus pseudomycoides roseus Nepveux, 
Thdse, Fac. Pharm., Nancy, 1020, 112.) 
From soil. 

Bacterium pseudovermiculosum Saito. 
(Jour. CJoll. Sci., Imp. Univ., Tokyo, 23, 
Art. 15, 1908, 62.) Isolated twice from 
garden air. 

Bacterium pyrenei No. 1, No. 2 and No. 
3, Metalnikov, Ermolaev and Skobaltzyn. 
(Internet. Oirn Borer Invest., S, 1930, 
7S and Ann. Inst. Past., 1931,467,468 
and 469 respectively; presumably the 


same as BaciUue pirenei Pospelov, Lenin 
Acad. Agr. Sci. (U.S.S.R.), Ann. Rapt. 
1936, 318-321.) No. 1 from diseased 
larvae of the corn borer (Pyrausta nubu 
lalis) that had become black after death; 
No. 2 from larvae that had become brown; 
and No. 3 from larvae that had become 
pinkish-brown.. 

Bacterium radiatum Kern. (Kem, 
Arb. bakt. Inst. Karlsruhe, 1, Heft 4, 
1896, 438; Bacterium barbatum Migula, 
Syst. d. Bakt., 2, 1900, 317.) From the 
stomach of a 6nch. 

Bacterium rusticum Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1896, 440.) 
From the stomach of a sparrow. 

Bacterium semperviuum Migula. (No. 
XII, Flugge, Ztschr. f. Hyg., 17, 1894, 
296; Bacillus lactis No. XII, Kruse, in 
Fiiigge, Die Mikroorganismen, 3 Aufl., 2, 
1896, 269; Migula, Syst. d. Bakt., 2 , 
1900,321.) From milk. 

Bacterium serratum Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 451.) 
From the intestine of a dove. 

Bacterium sewerini Migula. (Sewerin, 
Cent. f. Bakt., II Abt., 3, 1897, 709; 
Migula, Syst. d. Bakt., 2, 1900, 330.) 
From manure. ♦ 

Bacterium spissum Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 446.) 
From the intestine of a bird. 

Bacterium sputicola Migula. (Bacillus 
No. 4, Pansini, Arch. f. path. Anat., 122, 
1890, 440; Migula, Syst. d. Bakt., 2 , 
1900,306; Bacterium sputi Chester, Man. 
Determ. Bact., 1901, 190.) From 

sputum. 

Bacterium streptococciforme Migula. 
(Bacillus thermophilus Ill, Rabino* 
witsch, Ztschr. f. Hyg., 20, 1895, 156; 
Migula, Syst. d. Bakt., 2, 1900, 343; 
Bacterium thermophilum III, Chester, 
Man. Determ. Bact., 1901, 185.) From 
soil, feces, corn. 

Bacterium suhdenticulatum Migula. 
(Bacillus thermophilus VII, Rabino- 
witsch, Ztschr. f. Hyg., 20, 1895, 158; 
Migula, Syst. d. Bakt., 2, 1900,345; Bac¬ 
terium thermophilum VII, Chester, Man. 
Determ. Bact., 1901, 185.) From feces. 
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Bactmum 9ubrubeum Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
450; Bacillus subrubeus Nepveux, Th^se, 
Fac. Pharm.« Nancy, 1920, 115.) From 
the intestines of birds. 

Bacterium subsquamosum Migula. 
(Bacterium squamosum longum Kern, 
Arb. bakt. Inst. Karlsruhe, 1, Heft 4, 
1896, 458; Migula, Syst. d. Bakt., f, 
1900, 335.) From the intestines of a 
dove. 

Bacterium subthermophilum Migula. 
(Bacillus thermophUus IV, Rabino- 
witsch, Ztschr. f. Hyg., 20, 1895, 157; 
Migula, Syst. d. Bakt., 2, 1900, 344; 
Bacterium thermopkilum IV, Chester, 
Man. Determ. Bact., 1901, 186.) From 
soil and feces. 

Bacterium subtilis var. galleriae 
Chorine. (Ann. Inst. Past., 1927, 
1120.) From diseased larvae of the bee 
moth (Galleria mellonella), 

Bacterium tenaz Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 443.) 
From the stomachs of birds. 

Bacterium terrae (Ucke) Chester. 
(Streptobacillus terrae Ucke, Cent. f. 
Bakt., I Abt., 2$, 1898, 1001; Chester, 
Man. Determ. Bact., 1901, 199.) From 
soil. 

Bacterium truncatum Chester. (Ba¬ 
cillus No. 51, Conn, Storrs Agr. Exp. 
Sta., 1894, 81; Chester, Man. Determ. 
Bact., 1901, 195; not Bacterium trunca- 
turn Migula, Syst. d. Bakt., 2, 1900, 407; 
not Bacterium truncatum Chester, ibid,, 
157.) From milk. 

Bacterium verrucosum Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
434.) From the stomachs and intestines 
of birds. 

Bacterium virgvla (Duclaux) Migula. 
(Tyrothrix virgvla Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882,23; Migula, Syst. d. 
Bakt., 2, 1900, 323.) From cheese. 

Bacterium viride van Tieghem. (Van 
Tieghem, Bull. Soc. Bot. France, 1880, 
174; Bacillus viridis Trevisan, I generi 
e le specie delle Batteriacee, 1889, 18.) 

CeUulbbaciUus mucosue Simola. (Ann. 
Ac. 8c. Fenn., Ser. A, $4, 1931; abet, in 


Cent. f. Bakt., II Abt., S6, 1932, 89.) 
Thermophilic; cellulose decomposed 
quickly at 55® to 60®C, more slowly at 
37®C. 

Cellulobacillus myxogenes Simola (loc. 
cit,). Not slimy as al^ve. 

Clostridium gelatinosum Laxa. (Eine 
thermophilen Bacillus, Laxa, Cent. f. 
Bakt., II Abt., 1898, 362; Laxa, ibid,, 
6, 1900, 286; 8, 1902, 154; Bacterium 
sacchariphilum Migula, Syst. d. Bakt., 

2, 1900, 341; Bacterium laxae Chester, 
Man. Determ. Bact., 1901, 187.) From 
sugar factory wastes. Produces slime in 
sucrose solutions. Probably a variety of 
Bacillus vulgatus according to Sacchetti 
(Cent. f. Bakt., II Abt., 96, 1936, 115). 

Denitrohacterium thermopkilum Am- 
broz. (Cent. f. Bakt., II Abt., 37, 1913, 

3. ) From soil. 

Lactobacillus aporogenes Horow’itz- 
Wlassowa and Nowotelnow. (Cent. f. 
Bakt., II Abt., 87, 1933, 331.) Resem¬ 
bles Lactobacillus delbrueckii but forms 
ellipsoidal, terminal spores. 

Metabacterium polyspora Chat ton and 
Perard. (Compt. rend. Soc. Biol., Paris, 
66, 1913,1232.) The type species of the 
genus Metabacterium, characterized by 
forming one to eight spores in a single 
cell. From the caecum of guinea pigs. 
See Buchanan (Jour. Bact., 3, 1918, 39). 

Myxobacillus betas Gonnermann. 
(Oesterreich-Ungarische Ztschr. f. Zuck- 
erind. u. Landwirtsch., 36, 1907, 877; 
see Cent. f. Bakt., II Abt., 21, 1908,258.) 
Produces slime in sucrose solutions. 
Appears to be closely related to Bacillus 
subtilis, 

Nitrosobacillus thermophUus Campbell. 
(Science, 76, 1932, 23.) A thermophilic 
aerobic rod with swollen clavate sporan¬ 
gia; forms nitrites from ammonium salts. 
From surface layers of soil from North 
Carolina and Florida.. 

Semiclostridium commune, 8, citreum, 
8, flavum and 8, rubrum Maassen. 
(Arbt. a. d. biol. Abt. f. Land- u. Forst- 
wirtsch. am kaiserl. Ges. Amt., 6, 1907, 
1.) Produce slime in sucrose solutions* 
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Qenm II. Clostridium Prazmowski* 

(Prazmowski, Untersuchungen tiber die Entwickelungsgeschichte und Ferment- 
wirkung einiger Bacterien-Arten, Inaug. Diss.i Leipzig, 1880, 23; Vibrio MtUler, 
Vermium terrestrium et duviatiluin, I, 1773, 39; Bacterium Ehrenberg, Evertebrata, 
Berlin, 1828, (8?)**; Metallacter Perty, Zur Kenntniss kleinster Lebensformen, 1852, 
(180?); Amijlobacter Trecul, Compt. rend. Acad. Sci., Paris, 61, 1865, 435; Bacillm 
Cohn, Beitr. z. Biol. d. Pflanzen, 1, Heft 2, 1872, 175; Tyrotkrix Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, (79?); Pacinia Trevisan, Atti della Accad. Fis.-Med.-Statist., 
Milano, Ser. 4, S, 1885, (83?); Cornilia Trevisan, I generi e le specie delle Batteriacee, 
Milano, 1889, 21; Granulobacter Beijerinck, Verhandl. d. k. Akad. v. Wetensch., 
Amsterdam, Tweedie Scot., Deel 1,1893,4; Bactridium, Paraplectrum, Diplectridium 
and Plectridium Fischer, Jahrb. f. Wissensch. Botan., 27, 1895, 139; Granulobacillua 
Schattenfroh and Grassbergcr, Cent. f. Bakt., II Abt., 5, 1899, 702; Streptobacillm 
Hist and Khoury, Ann. Inst. Past., 16, 1902, 70; Botulobacillus, Buiyribacillua, Cel- 
lulobacillus, Putribacillus and Pectobacillua Orla-Jensen, Cent. f. Bakt., II Abt., 22, 
1909, 342-343; Pectinohacter Makrinov, Arch. Sci. Biol. (Russ.), 18, 1915, 442; Bac- 
teroides Castellani and Chalmers, Man. of Trop. Med., 3rd cd., 1919, 959; Butyriclos- 
tridium and Puiriclostridium Orla-Jensen, Jour. Bact., 6, 1921, 263; Rivoltillus and 
Metchnikovilliis Heller, Jour. Bact., 6, 1921, 550; Omelianskillus, Macintoshillus, 
Douglasillus, Hennllus, Flemingillus, Vallorillus, Multifermentans, Hiblerillus, 
Welchillus, Sioddardillus, Arloingillus, Meyerillua, Novillus, Seguinillus, Reglillus, 
Robertsonillus, Nicollaierillus, Martelhllus, Recordillus, Tissierillus, Putrificus, 
Ermengemillus and Weinbcrgillus Heller, Jour. Bact., 7, 1922, 5-9; Peptoclostridium 
Donker, Inaug. Diss., Delft, 1926,23; Botulinus, ChauvoeasnA Welchia Pribram, Jour. 
Bact., 18, 1929, 374; Anaerobacillus, Verrucosus and Euclostridium Janke, Cent. f. 
Bakt., II Abt., 80, 1930,490; Bulylobucter Bakonyi, U. S. Letters Pat., 1,818,782,1931; 
Caduceus, Endosporus, Inflabilis, Palmula and Terminosporus Pr^vot, Ann. Inst. 
Past., 61, 1938, 76-86; Acvformis (syn. Palmula) Pr^vot, Man. d. Class., etc., 1940, 
152.) From Greek, Clostridium, a little spindle. 

Rods, frccpiently enlarged at sfwrulation, producing clostridial or plectridial forms. 
The cells possess no catalase. Anaerobic or microaerophilic. Biochemically very 
active. Many species ferment carbohydrates producing various acids (frequently 
including butyric) and gas (CO 2 , H 2 and sometimes CHi). Others cause rapid putre¬ 
faction of proteins producing offensive odors. Commonly found in .soil and in human 
or animal feces. Some species, while growing saprophytically on decomposing vege¬ 
table matter or on dead tissue within an animal host, form various toxic and lytic 
substances and are thereby pathogenic. 

The type species is Clostridium butyricum Prazmowski. 

Key to the species of genus Clostridium. 

I. Strictly anaerobic. 

A. Not typically fermenters of cellulose. 

1. Do not characteristically produce distinctive pigments. 

, la. Spores central, excentric, to subterminal. 

*1 b. Spores oval. _ 

* Revised by Prof. R. S. Spray, School of Medicine, West Virginia University, 
Morgantown, West Virginia, November, 1938; further revision May, 1942. 

•* In a few instances the original records were inaccessible. In such cases the page 
is indicated as (8?). In all other cases the page indicates what is believed to be the 
earliest record of the designation cited. 
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c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied, 

f. Glucose fermented, 

g. Coagulated albumin not liquefied. 

h. Stormy fermentation, or at least active coagulation of 
milk. Also see hhh. 

i. Glycerol not fermented, 

j. Mannitol fermented. 

_ k. Starch, lactose and sucrose fermented. 

1. Clostridium butyricum. 

Starch not fermented. Lactose and sucrose 
fermented. 

la. Clostridium beijerinckii, 
lf»-Mannitol not fermented. 

iJk Starch and lactose not fermented. 

lb. Clostridium pasteurianum. 

Glycerol fermented. 

Wi4* Mannitol not fermented. 

Starch, lactose, sucrose and salicin fermented. 

l c. Clostridium multifermentans. 

Mr*M ilk slowly coagulated; not stormily. Also see hhh. 
^ Glycerol and mannitol not fermented. 

2. Clostridium fallax, 
mm Glycerol not recorded. 

tfij^Acid, but no gas, from lactose and sucrose. 

3. Clostridium fissum, 

Mdn Milk not coagulated. 

^ Glycerol hot fermented. 

4. Clostridium difficile. 

Coagulated albumin not recorded. 

<Mr Milk acidified, but not coagulated. 

Clostridium viscifaciens. 

Gelatin, or glucose gelatin, liquefied. 

Glucose fermented. 

Coagulated albumin not liquefied. 

**%; Milk slowly coagulated. Clot not digested. 

•-"•r Glycerol and mannitol not fermented. 

Lactose fermented. 

k. Sucrose not fermented. Salicin fermented. 

6. Clostridium septicum. 

kk. Sucrose fermented. Salicin not fermented. 

7. Clostridium feseri. 

ii. Glycerol fermented. 

8. Clostridium hemolyticum. 
hh. Milk acidified but not coagulated. 

i. Glycerol fermented, 

j. Mannitol not fermented. 

k. Starch fermented. Lactose, sucrose and salicin 
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not fermented. Exotoxin formed; toxic on 
injection but not on feeding. 

9. CloBiridium novyi, 
kk. Starch not recorded. 

1. Lactose^ sucrose and salicin not fermented, 
m. Adonitol fermented. 

10. Cloatridium botidinum. 
mm. Adonitol not fermented. 

10a. Clostridium hotulinum. Type C. 
gg. Coagulated albumin slowly to rapidly liquefied. 

h. Stormy fermentation, or at least active coagulation 
of milk. Clot not digested. 

11. Clostridium acetobutylicum. 

hh. Milk slowly and softly coagulated; not stormily. Clot 
slowly to rapidly digested. 

i. Glycerol and mannitol not fermented. Also see iii. 

j. Starch not recorded, 

k. Lactose fermented. 

12. Clostridium aerofoetidum. 
kk. Lactose not fermented. 

13. Clostridium sporogenes. 

13a. Clostridium sporogenes var. A, P. Marie, 
13b. Clostridium sporogenes var. equine, 

13c. Clostridium tyrosinogenes, 

13d, Clostridium flabelliferum. 

I3e. Clostridium parasporogenes. 

ii. Glycerol fermented. Also see iii. 
j. Mannitol not fermented. 

14. Clostridium parabotulinum 

Types A and B. 

iii. Glycerol not recorded. 

j. Mannitol and starch not recorded. 

k. Lactose and sucrose weakly fermented. 

I. Gas formed from carbohydrates. 

15. Clostridium saccharolyticum, 

II. Gas not formed from carbohydrates. 

16. Clostridium regulars, 

ff. Glucose not fermented. (Carbohydrates not fermented.) 
g. Coagulated albumin not digested. Lab-coagulation of 
milk; increasing alkalinity. Clot digested. 

17. Clostridium hastiforme, 

gg. Coagulated albumin not recorded. Slow, mildly acid 
coagulation of milk. Clot digested. 

18. Clostridium subterminale, 

dd. Non-motile. 

e. Gelatin, or glucose gelatin, not liquefied. 

19. Clostridium nudenomineUum. 
cc. Rods not swollen at sporulation. 
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d. Motile. 

e. Gelatin, or glucose gelatin, liquefied, 

f. Glucose fermented. 

g. Coagulated albumin liquefied. Milk slowly coagulated. 
Clot slowly digested. 

20. Clostridium bifermentans. 
gg. Coagulated albumin not recorded. 

h. Milk slowly coagulated; slimy. 

i. Gas formed from glucose. 

21. Clostridium mucosum, 

ii. Acid but no gas from glucose. 

22. Clostridium pruchii, 
ee. Iron-gelatin (Spray), no growth. 

23. Clostridium cylindrosporum. 

dd. Non-motile. 

e. Gelatin, or glucose gelatin, liquefied, 

f. Glucose fermented, 

g. Coagulated albumin not liquefied. 

h. Milk stormily fermented. Clot not digested, 

i. Glycerol fermentation variable, 

j. Mannitol not fermented. Starch, lactose and su¬ 
crose fermented. Salicin rarely fermented. 
Types identified by specific toxin-antitoxin 
neutralization. 

24. Clostridium perfringens 
Types A, B, C and D. 

bb. Spores spherical. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied, 

f. Gludose fermented, 

g. Coagulated albumin not liquefied. 

h. Milk acidified; slowly and softly coagulated; not 
stormily. Clot not digested. 

25. Clostridium sphenoides. 
hh. Milk acidified but not coi^pilated. 

26. Clostridium innomiTiatum, 
cc. Hods not swollen at sporulation. 

d. Non-motile. 

e. Gelatin, or glucose gelatin, not liquefied, 

f. Glucose fermented, 

g. Coagulated albumin not liquefied, 

h. Milk acidified but not coagulated. 

27. Clostridium filiforme. 

aa. Spores terminal. 

b. Spores distinctly oval to ellipsoid, 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied. Also see eee. 

f. Glucose fermented. 
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g. Coagulated albumin not liquefied. 

h. Milk slowly coagulated. Clot not digested, 

i. Qlycerol not fermented, 

j. Mannitol fermented. 

28. Clostridium sartagoformum. 
jj. Mannitol not fermented. 

29. Clostridium paraputrijicum. 
ff. Glucose not fermented. 

g. Coagulated albumin not liquefied. Milk unchanged. 

80. Clostridium eoehlearium. 
gg. Coagulated albumin not recorded. 

h. Milk, or iron-milk (Spray), no growth, 

i. Carbohydrates not fermented, 

j. Ethyl alcohol fermented chiefly to caproic acid. 

31. Clostridium kluyverii. 

jj. Ethyl alcohol not fermented to caproic acid. 

32. Clostridium acidiurici. 

ee. Gelatin, or glucose gelatin, liquefied. Also see eee. 

f. Glucose fermented, 

g. Coagulated albumin liquefied. 

h. Milk often, but not always, coagulated. Clot, if 
formed, not digested. 

33. Clostridium capitovale. 

hh. Milk acidified but not coagulated. Slow peptoniza¬ 
tion. 

i. Glycerol and mannitol not recorded, 

j. Starch not fermented. 

34. Clostridium parahifermentans. 

jj. Starch not recorded. Lactose weakly fermented. 

35. Clostridium ovcdare. 

eee. Gelatin, or glucose gelatin, not recorded. Glucose fermented 
with acid but no gas. 

36. Clostridium zoogleicum, 
bb. Spores sphericsJ, or nearly so. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied. Also see eee. 

f. Glucose fermented. 

g. Coagulated albumin not liquefied, 

h. Milk slowly coagulated, not stormily. Clot not diges¬ 
ted. Also see hhh. 

37. Clostridium thermosaccharolyticum, 
hh. Milk not coagulated; unchanged. Also see hhh. 

38. Clostridium caloritolerans. 

hhh. Milk slowly alkalinized; casein slowly separated. 

39. Clostridium tetanoides. 

ee. Gelatin, or glucose gelatin, liquefied. Also see eee. 

f. Glucose not fermented. 
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g. Coagulated albumin slowly liquefied. 

h. Milk may show soft lab-coagulation. 'Clot not definitely 
digested. 

40. Clostridium Utani. 

hh. Milk shows slow, soft lab-coagulation. Clot slowly 
digested. 

41. Clostridium lentoputrescens, 
ff. Glucose weakly fermented. 

g. Coagulated albumin slowly liquefied, 
h. Milk variably coagulated. Clot, if formed, variably 
digested. 

42. Clostridium filamentosum, 
eee. Gelatin records at variance. 

f. Glucose fermented, 

g. Coagulated albumin not liquefied, 

h. Milk not coagulated; unchanged. 

43. Clostridium tetanomorphum, 

dd. Non-motile. 

e. Gelatin, or glucose gelatin, not liquefied, 

f. Glucose fermented, 

g. Coagulated albumin not recorded. 

44. Clostridium alcaligenes, 
ee. Gelatin, or glucose gelatin, liquefied. 

f. Glucose fermented, 
g. Coagulated albumin not liquefied. 

45. Clostridium angulosum» 
gg. Coagulated albumin liquefied. 

46. Clostridium putrefaciens. 

2. Characteristically produce pigments of varied colors. 

a. Spores central, excentric, to subterminal, 

b. Spores oval. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied. 

f. Black pigment formed around colonies in deep agar. 

47. Clostridium nigrificans, 
if, Violet pigment formed in potato mash. 

g. Indole is formed^ 

48. Clostridium helfantii, 
gg. Indole is not formed. 

48a. Clostridium maggiorai. 

Hi, Green pigment formed on potato slant, 
g. Indole is formed. 

48b. Clostridium derossii, 

48c. Clostridium ottolenghii. 

48d. Clostridium paglianii, 
gg. Indole is not formed. 

48e. Clostridium lustigii. 

48f. Clostridium selavoi. 
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ffff. Red pigment formed in potato maah. 
g. Indole not recorded. 

49. Clostridium venturelli. 
ee. Gelatin, or glucose gelatin, liquefied. 

f. Red to orange>red pigment formed, especially in starchy 
media. 

g. Indole is not formed. 

h. Stormy fermentation of milk.* Clot slowly softened. 

50. Clostridium roseum, 

hh. Slow, spongy coagulation of milk. Clot slowly digested. 

51. Clostridium chromogenes. 

ft. Yellow-orange pigment formed in various media, 
g. Indole is not formed. 

h. Milk actively coagulated, not stormily. Clot is not 
digested. 

52. Clostridium felsineum. 

aa. Spores terminal, 

b. Spores oval. 

c. Rods distinctly swollen at sponilation. 

d. Non-motile. 

e. Gelatin, or glucose getamin, no liquefied, 

f. Deep red pigment formed on potato slants. 

53. Clostridium earhonei. 

Typical fermenters of cellulose. 

1. Do not characteristically produce distinctive pigments, 

a. Spores terminal, 

b. Spores distinctly oval to ellipsoid. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, liquefied. Ferments a variety of 
carbohydrates, other than cellulose, after prolonged cul¬ 
tivation. 

54. Clostridium spumarum. 

ee. Gelatin, or glucose gelatin, not recorded. Carbohydrates, 
other than cellulose, not fermented. 

55. Clostridium werneri. 
bb. Spores spherical, or nearly so. 

0. Rods distinctly swollen at sporulation. 
d. Non-motile. 

56. Clostridium cellulosolvens. 

Characteristic pigments produced in certain media. 

a. Spores terminal. 

b. Spores distinctly oval to ellipsoid. Rods ou tinctly swollen at 
sporulation. 

57. Clostridium dissolvens. 

bb. Spores spherical, or nearly so. Rods distinctly swollen at sporula¬ 
tion. 


58. Clostridium omdianskii. 
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II. Micioaeiophilie. Grow customarily as anaerobes, but are able to produce scan 
sometimes atypical, growth on aerobic agar slants. 

A. Not typically fermenters of cellulose. 

1. Do not characteristically produce distinctive pigments. 

a. Spores central, excentric, to subterminal. Spores oval. Rods die 
tinctly swollen at sporulation. 

59. Clostridium carnis, 
ee. Gelatin, or glucose gelatin, liquefied. 

f. Carbohydrates not fermented. 

60. Clostridium histol^ticum, 

aa. Spores terminal. Spores distinctly oval to ellipsoid. Hods distinctly 
swollen at sporulation. 

61. Clostridium tertium. 


1. Clostridium butyricum Prazmowski. 
(Untersuch. tl. d. Entwickelungsgesch- 
ischte 11. Fermentwirk. einiger Bacterien- 
Arten, Inaug. Diss., Leipzig, 1880, 23; 
Bacillus butyricus Flllgge, Die Mikroorg., 
2 Aufl., 1886,296.) From M. L., acidum 
huiyricum^ butyric acid. 

Described from the original incom¬ 
plete records of Prazmowski, as amplified 
by the studies of Adamson, Jour. Path, 
and Bact., 1919, 371, and of Hall, 
Jour. Inf. Die., SO, 1922,467. 

Rods: 0.7 by 5.0 to 7.0 microns, straight 
or slightly curved, with rounded ends, 
occurring singly, in pairs, in short chains 
and occasional long filaments. Motile. 
Spores oval, excentric to subterminal, 
swelling rods to clostridial forms. Gram¬ 
positive, becoming Gram-negative. 

Granulose positive in clostridial stage 
(blue color with iodine). 

Gelatin and glucose gelatin: Not 
liquefied. 

Plain agar slant (anaerobic): Little or 
no growth. 

Glucose agar surface colonies (anaero¬ 
bic): Circular or slightly irregular, 
slightly rmsed, moist, creamy-white. 

Deep glucose agar colonies: Biconvex, 
dense,* yellowish-white, entire. Agar 
fragmented early by abundant gas. 

Blood agar not hemolyzed. 

Plain broth: Little or no growth. 

Glucose broth: Abundant, diffuse tur¬ 
bidity; much gas. 

Litmus milk: Acid and early coagula¬ 
tion. Litmus is reduced. Stormy fer¬ 


mentation; clot fragmented but not 
digested. 

Indole not formed. 

Nitrites not produced from nitrates. 

Fixes atmospheric nitrogen. 

Acid and gas from xylose, glucose, lac¬ 
tose, sucrose, starch, salicin, esculin and 
mannitol. Amygdalin, pectin, cellulose, 
glycerol and Ca-lactate not fermented. 

Fermentation products include butyl, 
ethyl and iso-propyl alcohols, acetone, 
organic acids, Hs and COs. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows well from 30®C to 37®C. 

Anaerobic. 

Source: Originally isolated from cheese. 
Commonly encountered in naturally 
soured milk, in naturally fermented 
starchy plant substances and in soil. 

Habitat: Probably rather widely dis¬ 
persed in soils rich in humus. 

Notb: Many butyric acid-producing 
anaerobes are recorded in the literature. 
The questionable purity and the incom¬ 
plete descriptions, particularly of the 
older species, make it difficult to deter¬ 
mine the degree of relationship of these 
speciea to Clostridium butyricum Praz¬ 
mowski. The following list cites the 
outstanding historic or recently de¬ 
scribed species. 
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Ferment butyrique, Pasteur, Compt. 
rend. Acad. Sci., Paris, 5F, 1861, 346 
(Vibrion butyrique, Pasteur, i6id., 1261); 
Bacillus amylobacter van Tieghem, Bull, 
de la Soc. Botan. de France, S4t 1877,128 
{Metallacter amylobacter Trevisan, Reale 
1st. Lombardo d. Sci. e Lett., Rendiconti, 
1879, 147; Clostridium amylobacter Hol¬ 
land, Jour. Bact., 5, 1920, 217); Bac¬ 
terium navicula Reinke and Berthold, 
Untersuch. a. d. Bot. Lab. d. Univ. 
Gottingen, 1,1879,21 (Amylobacter navie- 
ula Wehmer, Cent. f. Bakt., II Abt., 4t 
1898, 696; BadlliLS navicula Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 
10 1 1898, 128; Clostridium naviculum 
PrOvot, Ann. Inst. Past., 61, 1938, 80); 
Bacillus butylicus Fits, Ber. d. Deuts. 
Chem. Gesellsch., 16, 1882, 867 (Bac¬ 
terium fits Buchner, Ztschr. f. Physiol. 
Chem., 9, 1885, 384); Butylbacillus, 
Buchner, ibid., 391; Clostridium butyr- 
icum (Bacillus amylobacter) I, II, III, 
Gruber, Cent. f. Bakt., 1, 1887, 370-371; 
Bacillus butylicus Migula, Syst. d. Bakt., 
2, 1900, 598 (Clostridium butyricum I, 
Gruber, Cent. f. Bakt., 1, 1887, 370); 
Bacillus gruberi Migula, loc. cit., 599 
(Clostridium butyricum II, Gruber, loc. 
cit., 371); Bacillus subanaerobius Migula, 
loc. cit., 600 (Clostridium butyricum III, 
Gruber, loc. cit., 371); Bacille amyl- 
ozyme, also bacille amylocyme, Perdrix, 
Ann. Inst. Past., 5, 1891, 290 (Bacillus 
amylozyma Migula, Syst. d. Bakt., 9, 
1900, 626; Bacillus amylozymicus Peter¬ 
son, Scott and Thompson, Biochem. 
Ztschr., 219, 1930, 1; Clostridium amyl- 
ozyme PrOvot, Ann. Inst. Past., 61, 
1938, 79; Clostridium var. amylozyme 
PrOvot, Man. d. Class., etc., 1940, 109); 
Bacillus orthobutylicus Grimbert, Ann. 
Inst. Past., 7, 1893, 353; Granulobacter 
hutjflicum Beijerinck, Verhandl. d. K. 
Akad. V. Wetensch., Amsterdam, Twee- 
die Sectie, Deel I, 1893, 3 (Clostridium 
butylicum Donker, Thesis, Delft, 1926, 
149; Amylobacter butylicum van Beynum 
and Pette, Cent. f. Bakt., II Abt., 99, 


1935,200; this species is probably identi¬ 
cal with Clostridium butyricum I Gruber, 
Cent. f. Bakt., I Abt., 1, 1887, 370); 
Granulobacter saccharobutyricum Bei¬ 
jerinck, loc. cit., 3, also in Arch. N5er- 
land. d. Sci. Exactes et Nat., 29, 1896,1 
(commonly identified with Bacillus bu¬ 
tylicus Fitz, Ber. d. Deuts. Chem. 
Gesellsch., 16, 1882, 867; Bacillus 

humosus Migula, Syst. d. Bakt., 2, 1900, 
600; Clostridium saccharobutyricum Don¬ 
ker, Thesis, Delft, 1926, 147; Amylo¬ 
bacter saccharobuiyricus van Beynum 
and Pette, Cent. f. Bakt., II Abt., 99, 
1935, 200); Bacillus saccharobuiyricus 
von Klecki, Cent. f. Bakt., II Abt., 2, 
1896,169; Bactridium butyricum Chudia- 
kow, Zur Lehre von der Anaerobiose 
(Russ.), Teil 1,1896, (?), cited by Roth- 
ert. Cent. f. Bakt., II Abt., 4, 1898, 390; 
Granulobacillus saccharobutyricits mobilis 
non-liqtiefaciens Schattenfroh and Grass- 
berger, (3ent. f. Bakt., II Abt., 6, 1899, 
702 (bewegliche Buttersaurebacillus, 
Grassberger and Schattenfroh, Arch. f. 
Hyg., 49, 1902, 219; Bacillus saccharo- 
butyricus mobilis Hopffe, Ztschr. In- 
fekrnkh. d. Haust., 14, 1913 ,Bacillus 
amylobacter mobilis Gratz and Vas, Cent, 
f. Bakt., II Abt., 4t, 1914, 509); Plec- 
tridium peclinovorum Stdrmer, Mitteil. 
d. Deuts. Landwirts. Gesellsch., 18, 
1903, 195 (Microbe du rouissage, Wino¬ 
gradsky, Compt. rend. Acad. Sci., Paris, 
121, 1895, 744; Granulobacter pectino- 
vorum Beijerinck and van Delden, Arch. 
N5erland. d. Sci. Exactes et Nat., Ser. 
II, 9, 1904, 423; Clostridium peclinovorum 
Donker, Thesis, Delft, 1926,145); Bacil¬ 
lus holobutyricus Perdrix, Compt. rend. 
Soc. Biol., Paris, 67, 1904, 481; Bacillus 
amylobacter Bredemann, Cent. f. Bakt., 
II Abt., 29, 1909,385 (Clostridium amylo¬ 
bacter Pr5vot, Ann. Inst. Past., 61, 1938, 
79); Amylobacter nonliquefaciens Rusch- 
mann and Bavendamm, Cent. f. Bakt., 
II Abt., 64, 1925, 359; Clostridium inter¬ 
medium Donker, Thesis, Delft, 1926, 
147 (Strain No. 3, Donker, ibid., 39); 
Clostridium butyricum iodophilum 
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Svarti^ Jour. Inf. Dis., ld30, 138 
{Closifidium iadophilum Pr^vot, Ann. 
Inst. Past. I 61 y 1938, 80); Granulobacter 
Boccharobutyricus immobile nonliquefa- 
dens McCoy, Fred, Peterson and 
Hastings, Jour. Inf. Dis., 4^, 1930, 121; 
Bcunllua amylobacter S and IF, Wertheim, 
U, S. Letters Pat., 1,917,676, 1933; 
CtoBtridium tyrobutyricum van Beynum 
and Pette, Cent. f. Bakt., II Abt., 9$, 
1936, 208; Clostridium polyfermenticumy 
Clostridium saccharopetumy Clostridium 
saccharophilicum and Clostridium sac- 
charopostuliUum Partansky and Henry, 
Jour. Bact., 30, 1935, 564. 

la. Clostridium beijerinckii Donker. 
(Donker, Thesis, Delft, 1926, 145.) 
Named for M. W. Beijerinck, the Dutch 
bacteriologist. 

Has the general characters of CloS’ 
iridium butyricum. 

Distinctive character: Non-fermenta¬ 
tion of starch. 

Acid and gas from glucose, lactose, 
sucrose, inulin, galactose, fructose and 
mannitol. Glycerol and starch not fer¬ 
mented. 

Source: From soil and fermenting plant 
tissues. 

Habitat: Apparently widely distrib¬ 
uted in agricultural soils. 

lb. Clostridium pasteurianum Wino¬ 
gradsky . (Winogradsky, Arch. Sci. Biol. 
(Russ.), Sy 1895, 330; Clostridium paS’ 
iorianum Winogradsky, Cent. f. Bakt., 
II Abt., 9y 1902,43; Bacillus pasteurianus 
Lehmann and Neumann, Bakt. Diag., 
4th Aufl., F, 1907,82; Bacillus pasiorianus 
Lehmann and Neumann, ibid.y 462; not 
Bacillus pasiorianus Mac^, Traits Prat, 
d. Bact., 4th ed., 1901, 957; Bacillus 
mnogradskyi Weinberg et al., Les Mi¬ 
crobes Ana4r., 1937, 645.) Named for 
Louis Pasteur, the French scientist. 

Probably related species: Bodily, Univ. 
Colorado Studies, F6, 1938, 30, records 5 
new species isolate^ from 10 strains re¬ 


ceived labeled C. pasieurianum. These 
have been designated as Bacillus dulciio- 
fermentansy Bacillus rhamnoiicucy Bacil¬ 
lus inulojugusy Bacillus nonpeniosus and 
Bacillus azoiicus. 

Has the general characters of Clos¬ 
tridium butyricum. 

Distinctive characters: Prolonged re¬ 
tention of the spore within a peculiar 
brush-like spore-capsule, and the non¬ 
fermentation of starch. Assimilates free 
atmospheric nitrogen. 

Distinguished from Clostridium bei¬ 
jerinckii by the non-fermentation of 
lactose and mannitol, and from Clos¬ 
tridium butyricum by the non-fermenta¬ 
tion of starch. 

Acid and gas from glucose, sucrose, 
inulin, galactose, fructose and dextrin. 
Glycerol, starch, lactose and mannitol 
not fermented. 

Source: Originally isolated from soil. 

Habitat: Not determined, but appar¬ 
ently of restricted and local distribution 
in soil. 

Ic. Clostridium multifermentans Ber- 
gey et al. (Bacillus multifermentans 
ienalbus Stoddard, Lancet, I, 1912, 12; 
Multifermentans tenalbus Heller, Jour. 
Bact., 7, 1922, 6; Bergey et al., Manual, 
1st ed., 1923, 324.) From Latin, multuSy 
many, and fermentans, fermenting. 

Has the general characters of Clos¬ 
tridium butyricumy and is probably only 
a variety. 

Distinctive character: Blood agar 
colonies show a zone of hemolysis in 24 
hours. 

Nitrites are produced from nitrates. 

Distinguished from Clostridium bu¬ 
tyricum by the above characters and by 
the fermentation of glycerol and non¬ 
fermentation of mannitol. 

Distinguished from Clostridium bei¬ 
jerinckii by the fermentation of starch 
and of glycerol. 

Distinguished from Clostridium pas- 
ieurianum by fermentation of starch and 
of lactose. 
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Acid and gas from glucose, fructose, 
galactose, maltose, lactose, sucrose, raifi> 
nose, starch, salicin, inulin and glycerol. 
Mannitol and dulcitol not fermented. 

Source: Originally isolated from human 
gaseous gangrene. 

Habitat: Found in soil and milk. 
Widely distributed in nature. 

2. Clostridium fallax (Weinberg and 
Seguin) Bergey et al. (Bacille A, 
Weinberg and Seguin, Compt. rend. Soc. 
Biol., Paris, 75,1916,277; Bacillus fallax 
Weinberg and Seguin, ibid., 686; not 
Bacillus fallax Ornstein, Ztschr. f. 
Hyg., 91, 1920, 169; Vallorillus fallax 
Heller, Jour. Bact., 7, 1922, 6; Bergey 
et al.. Manual, 1st ed., 1923,326.) From 
Latin, fallax, deceptive. 

Rods: 0.6 by 1.2 to 5.0 microns, occur¬ 
ring singly or rarely in pairs. Motile 
with peritrichous Hagella. Encapsulated 
in body fluids. Spores rarely observed, 
oval, excentric to subterminal, swelling 
rods. Gram-positive. 

Gelatin not liquefled. 

Glucose agar surface colonies (anaero¬ 
bic): Circular, flat, with transparent, 
crenated margin. 

Glucose agar deep colonies: Lenticular, 
bean-shaped, irregular, smooth. 

Agar slant (anaerobic): Grayish film. 

Broth: Poor growth; slight diffuse 
turbidity. 

Glucose broth: Abundant turbidity 
and gas. Clearing by sedimentation. 

Indole not formed (Duffett, Jour. 
Bact., 99, 1935, 576). 

Litmus milk: Acid, slowly coagulated. 
Litmus reduced. Clot channeled by gas, 
but not digested. 

Acid and gas from glucose, galactose,^ 
fructose, maltose, lactose, sucrose, inu¬ 
lin, salicin and starch. Glycerol and 
mannitol not fermented. Records vary 
in regard to action on lactose, inulin and 
salicin. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 


Meat medium reddened; not blackened 
or digested. 

Pathogenicity for guinea pig variable, 
and commonly lost in cultivation. Forms 
a weak exotoxin. 

Optimum temperature not recorded; 
grows well at 37®C. 

Anaerobic. 

Source: From war wounds, appendici¬ 
tis, and once from black-leg of sheep. 

Habitat: Not determined, other than 
these sources. 

3. Clostridium fissum (Debono) Ber¬ 
gey et al. {Bacillus fissus Debono, CJent. 
f. Bakt., I Abt., Orig., 69, 1912, 232; 
Bergey et al.. Manual, 1st ed., 1923, 332.) 
From Latin, fissum, separated. 

Rods: Variable in size, rounded or 
square ends, occurring singly, in pairs 
and in chains and filaments. Motile. 
Spores small, oval, subterminal, slightly 
swelling rods. Gram-positive. 

Gelatin: Not liquefied. 

Deep gelatin colonies at 22®C: Small, 
brownish, globular, opaque and entire. 

Deep glucose agar colonies: Small, 
white, globular. Gas is formed. No 
pigment formed. 

Broth: Uniformly turbid. 

Milk: Acid, coagulated after 3 days. 

Indole not formed. 

Acid and gas from glucose. Acid only 
in lactose and sucrose. 

(Coagulated albumin not liquefied. 

Grows at 22®C and 37°C. 

Anaerobic. 

Distinctive character: All cultures 
smell strongly of butyric acid. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

4. Clostridium difScUe (Hall and 
OToole) Pr6vot. {Bacillus difficUis 
Hall and O’Toole, Amer. Jour. Dis. 
Child., Ifi, 1935,390; Clostridium difficUis 
Pr6vot, Ann. Inst. Past. 61, 1938, 84.) 
From Latin, difficUis, difficult. 

Rods :Heavy-bodied. Actively motile. 
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Spores elongate, subterminal slightly 
swelling rods. Gram-positive. 

Gelatin: Not liquefied. 

Blood agar surface colonies (anaerobic): 
Irr^lar, flat and non-hemolytic. 

Deep agar colonies: Minute, fiat, 
opaque disks, becoming lobate. 

Milk: Poor growth. Gas formed in 
traces, but milk unchanged. 

Acid and gas from glucose, fructose, 
mannitol, salicin and xylose. Traces of 
gas, but no acid, from galactose, maltose, 
sucrose, lactose, raffinose, inulin and 
glycerol. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium with iron is moderately 
blackened. Digestion not recorded. 

Pathogenic for guinea pig and rabbit. 
Subcutaneous inoculation induces marked 
edema. Death may occur in from 1 to 9 
days. 

Toxicity: Glucose broth culture fil¬ 
trates kill guinea pig and rabbit in 24 to 
36 hours. 

Grows well at 37®C. 

Anaerobic. 

Source: From feces of new-born infants. 

Habitat: Not determined, other than 
this source. 

5. Clostridium viscifaciens Sherman 
and Erb. (U. S. Pat., 2,017,572, 1935.) 
From Latin, mews, birdlime, glue; /a- 
ciens, making. 

Bods: Vegetative cells 3 to 10 microns 
long; average about 6 microns. Motile. 
Spores oval, 1 by 2 microns, central to 
subterminal, sometimes swelling rods to 
club-like and spindle-shaped cells. 
Gram-negaiive. 

Granulose reaction positive. 

Gelatin: Not liquefied. 

Plain agar slant (anaerobic); No 
growth. 


Plain agar stab: No growth. 

Liquid media: Tendency toward fioo- 
culent growth. 

Milk: Acidified but not coagulated. 
Casein not digested. 

Corn mash: Not fermented or digested. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia produced from peptone. 

Acid, gas and alcohols produced from 
glucose and maltose. 

Acid and gas from sucrose, lactose, 
dextrin, starch, glycerol, mannitol and 
salicin. 

Calcium lactate: Not fermented. 

Fermentation products include butyl 
alcohol (66 parts )^ iso-propyl alcohol (31 
parts), and small amounts of acetone (3 
parts). 

Limiting reaction for growth: About pH 
4.0 to about pH 8.0. 

Optimum temperature 32°C to 36®C. 
Grows from 15®C to 42.5®C. 

Anaerobic. 

Distinctive character: In fermentable 
sugar broths it produces a copious floc- 
culum. 

Source: From soil and from grains and 
other plant materials in contact with soil. 

Habitat: .\pparently widely dispersed 
in agricultural soils. 

6. Clostridium septicum (Macd) Ford.* 
(Vibrion septique, Pasteur and Joubert, 
Compt. rend. Acad. Sci., Paris, 86^ 1877, 
113, and Bull. .\cad. Med., 2® Ser., 6, 
1877, 794; Vibrio paaieurii Trevisan, 
Reale 1st. Lombardo d. Sci. e. Lett., 
Rendiconti, Ser. 2, 12y 1879,147; Bacillus 
septicua Macd, Traitd Prat. d. Bact., 1st 
ed., 1888, 455; not Bacillus septicua 
Migula, Syst. d. Bakt., 2y 1900; 646 (Un¬ 
named aerobic bacillus. Babes, Sept. 
Proc. d. Kindesalters, Leipzig, 1889, 32; 
Bacillus septicua ulceria gangraenosi 


* Note: In an editorial, Jour. Amer. Vet. Med.'Assoc., 62^ 1922-23, 565, the name 
Clostridium septicum is ascribed to Winslow etal.. Jour. Bact., 5, 1920, 191. Search 
fails to confirm the reference. Casual mention is not regarded as sufficient to establish 
priority. Hence, Ford is regarded as the author of this binomial. 
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Sternberg, Man. Bact., 1803, 472); not 
Bacillua septicua Klein, Micro-organisms 
and Disease, 1884, 78; Comilia paateuri 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 22; Bacillua aepticua gan- 
grenae Arloing, Lemons sur la tuberculosa 
et certaines septic^mies, Paris, 1892,461; 
Vibriogene septique, Rosenthal, Compt. 
rend. Soc. Biol., Paris, Si, 1908, 398; 
Vibrio aeptique LeBlaye and Guggenheim, 
Man. Prat. d. Diag. Bact., 1914, 438; 
RivoUillua vibrion Heller, Jour. Bact., 7, 
1922, 6; Bacillua paraaarkophyaematoa 
Miessner, Cent. f. Bakt., I Abt., Orig., 89 
(Bhft.), 1922,126, and Deuts. Tierarztl. 
Wchnschr., SO, 1922, 416 {Bacillua para- 
aarcophyaematoa Zeissler, Cent. f. Bakt., 

1 Abt., Orig., 89 (Bhft.), 1922, 119); 
Vibrio aepticua Rottgardt, Deuts. Tier¬ 
arztl. Wchnschr., Si, 1926, 553; Ford, 
Textbook of Bact., 19^, 726; Cloatridium 
aepticua Scott, Cornell Vet., 18, 1928,259; 
Cloatridium aeptique Topley and Wilson, 
Princ. of Bact. and Immunol., 1st ed., t, 
1929, 1161.) From Greek, aepticua, pu¬ 
trefactive, septic. 

Probable synonym; Bacillus of Ghon 
and Sachs, Cent. f. Bakt., I Abt., Orig., 
Si, 1903, 289. 

Identical or closely related species: 
Cloatridium balaenae Pr4vot, Ann. Inst. 
Past., 61, 1938, 81 (WalfischseptikHmie 
Bacillus, Nielsen, Cent. f. Bakt., 7,1890, 
269; Bacille de la septic4mie de la baleine, 
Christiansen, Compt. rend. Soc. Biol., 
Paris, 8S, 1920, 324; Walfischbazillus, 
Christiansen, Cent. f. Bakt., I Abt., 
Orig., 8i, 1920, 127); Bacillua gaatromy- 
coaia ovia Kitt, Bakt. u. Path. Mikros., 

2 Aufl., 1893, 239 (Bradsotbacillus, Niel¬ 
sen, Monats. Prakt. Tierhlk., 8, 1897,59); 
Bacillua tumefaciena Wilson, Lancet, 
196, 1919, 657 (Cloatridium tumefaciena 
Pr4vot, Ann. Inst. Past., 61, 1938, 81); 
not Bacillua tumefaciena Israilsky, Cent, 
f. Bakt., II Abt., 67, 1926, 236; Bacillua 
aeu Cloatridium aarcophyaematoa bovia 
Kitt, Bakterienkunde u. Path. Mikros.,2 
Aufl., 1893,232 (BaciUua aarcophyaematoa 
Kitt, ibid,. Index, X; not Bacillua lar- 
cophyaematoa Zeissler, Cent. f. Bakt., I 


Abt., Orig., 89 (Bhft.), 1922, 119.) (See 
Cloatridium feaeri,) 

Confused in the older literature with 
Koch’s bacillus of malignant edema, Mitt, 
a. d. kais. Gesundhts., 1, 1881, 54 (Ba¬ 
cillua oedematia maligni Zopf, Die Spalt- 
pilze, 3 Aufl., 1885,88; Cloatridium oede¬ 
matia malignia Fischer, Jahrb. f. Wissen. 
Bot., 27,1895, (146?); BaetUua oedematia 
Schroeter, in Cohn’s Kryptogamen-Flora 
V. Schlesien, S, 1, 1886,163; Cloatridium 
edematia Holland, Jour. Bact., 6, 1920, 
218; Cloatridium oedematia-maligni Ber- 
gey et al.. Manual, 1st ed., 1923, 325). 

It is commonly believed at present that 
Koch’s bacillus of malignant edema was a 
culture of Cloatridium aepticum contami¬ 
nated with Cloatridium aporogenea or 
some closely related organism. 

Described from Weinberg and Seguin, 
La Gang. Gaz., Paris, 1918, 79, and from 
Hall, Jour. Inf. Db., SO, 1922,486. 

Rods: 0.6 to 0.8 by 3.0 to 8.0 microns, 
rounded ends, occurring sin|dy> ii^ pain 
and in short chains in cultures; long 
chains and filaments commonly predomi¬ 
nate in body exudates. Motile, with 
peritrichous flagella. Spores oval, ex- 
centric to subterminal, swelling rods. 
Gram-positive. 

Gelatin: Liquefied, with gas bubbles. 

Agar surface colonies (anaerobic): 
Small, transparent, of variable shape. 

Blood agar surface colonies (anaerobic): 
Delicate, flat, leaf-like, irregular. He¬ 
molytic. 

Deep agar colonies: Variable; usually 
finely filamentous, cottony, spherical. 

Broth: Slight, diffuse turbidity, with 
clearing. 

Litmus milk: Litmus reduced; slow 
coagulation and moderate gas. Clot not 
digested. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, maltose, lactose and saliciu. 
Sucrose, inulin, mannitol and glycerol 
not fermented (Hall, loc, eit,, 489). 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 
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Brain medium not blackened or di- 
gosted. 

Meat medium reddened; not blackened 
or digested. 

Pathogenic for guinea pig, rabbit, 
mouse and pigeon. Forms an exotoxin 
for which an antitoxin is prepared. 

Optimum temperature al)out 37®C\ 

Anaerobic. 

Source: Originally isolated from ani¬ 
mals inoculated with soil; later from ma¬ 
lignant edema of animals, and from 
human war wounds and from appendicitis. 

Habitat: Animal intestine, and in 
manured soils. 

7. Clostridium feseri Trevisau. (Be- 
weglichen Baktcrien, Feser, Ztschr. f. 
Prakt. Vet.-Wisscn.sch., 4, 1876, 19; Trc- 
visan, Atti .Vccad. Fis.-Med.-Stat. di 
Milano, 5, 1885, 116; Bacterium chauvoei 
Arloing, Cornevin and Thomas, Lc char- 
lx)n symptomatique du boeuf, Paris, 2nd 
ed,, 1887, 82; Bacillus chauvoei De Toni 
and Trevisau, in Saccardo, Sj(llogc Fun- 
gorum, 8, 1889, 1004; Bacilluh chauvaei 
Trevisan, I generi e le specie dellc Bal- 
teriacee, 1889, 22; Bacillus feseri Kitt, 
Bacterienkunde, etc., 2 Aufi., 1893, 233; 
Bacillus anihracis symptomalici Kruse, 
in Fliiggc, Die Mikroorg,, 3 Aufl., 1896, 
245; Bacillus carbonis Migula, in Engler 
and Prantl, Die natiir. Pdanzenfam., i, 
la, 1895, 26; Buiyribacillus chauvoei 
Orla-Jensen, Cent. f. Bakt., II Abt., 
1909, 342; Baciiius gangraenae emphy- 
sematosae Hutyra and Marek, Spez. Path, 
u. Ther. d. Haust., 3 Aufl., 1, 1910, 39; 
Bacillus chauvei Holland, Jour. Bact., 8, 
1920, 217; Clostridium chauvei Holland, 
ibid.f 217; Bacillus anthracis-sympto- 
matici Holland, ibid., 217; Clostridium 
anthracis-symptomatici Holland, ibid., 
217; Bacillus sarkophysematos Miessner, 
Cent. f. Bakt., I Abt., Orig., 89 (Bhft.), 
1922,123 (Bacillus sarcophysemaios Zeiss- 
ler, ibid., 119; not Bacillus sarcophysema- 
tos Kitt, Bakterienkunde, etc., 2 Aufl., 
1893, Index. X); Bacillus symptomaticus 
Matouschek, Cent. f. Bakt., II Abt., 58, 
1923, 472; Clostridium chauvoei Scott, 
Jour. Inf. Dis., S8, 1926,262; Clostridium 


chauvaei Scott, Cornell Vet., 18, 1928, 
259.) Named for Fe.<^cr, an early German 
bacteriologist. 

Possible synonyms: Bacterio ocello 
cuneato, Rivoltu, Giorn. di Anat., Fisiol. 
e Patol. d. Animali, Piso, 14, 1882, 33; 
Bacilluin cuneatum, Rivolta, ibid., 67; 
Bacillum ocello-cuneatum, Rivolta, ibid., 
67; Bacieriuyn cuneatum Rivolta, ibid., 
77; Bacterium ocello cuneatum Rivolta, 
ibid., 78; Bacillus sarcophysematosi Pep¬ 
pier, Cent. f. Bakt., I Abt., 29, 1901,354. 

Rods: 1.0 by 3.0 to 8.0 microns, occur¬ 
ring singly, in pairs and in short chains. 
Usually show a dark chromatic point near 
each end. Motile with pcritrichous 
flagella. Spores oval, cxcentric to sub¬ 
terminal, swelling rods. Gram-positive. 

Gelatin : Liquefied. Gas bubbles. 

.Vgar surface colonies (anaerobic): 
Small, grayish, semi-opaciuc, filamentous. 

.Vgar slant (anaerobic): Grayish, 
spreading growth. 

Broth: Turbid, slightly peptolytic. 

Litmus milk: Acid; slowly coagulated. 
Gjis may be formed. Clot not digested. 

Indole not formed (early studies record 
only a trace). 

Acid and gas from glucose, fructose, 
galactose, maltose, lactose and sucrose. 
Inulin, salicin, mannitol, glycerol and 
dextrin not fermented (Hall, Jour. Inf. 
Dis., 30, 1922, 486). 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Egg-meat medium: bmall gas bubbles 
in 8 hours. Meat becomes pinkish and 
the liquid slightly turbid. No blacken¬ 
ing or digestion. 

Pathogenic for guinea pig, mouse and 
rabbit. Forms an exotoxin. 

Optimum temperature 37®C. Cau 
grow at 50®C. 

Anaerobic. 

Source: The causie of black leg, black 
quarter or symptomatic anthrax in cattle 
and other animals. 

Habitat: Probably soil; especiadly 
where heavily manured. 
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8. Cloftridium hemolytlcmn (Hall) 
Hauduroyetal. (CloBtridiumhemolyticua 
bovis Vawter and Records, Jour. Amer. 
Vet. Med. Assoc., 68 (N.S. 81), 1925-26, 
512; BacilluB hemolyticua Hall, Jour. Inf. 
Dis., 4S, 1929,156; Hauduroy et al., Diet, 
d. Bact. Path., 1937,125.) From Greek, 
haemo, blood; lyticus, dissolving. 

Related species: CloBiridium hemo- 
lyiicum var. Bordelli Hauduroy et al., 
loc. cit,, 126 {BacilluB Bp, (?), Sordelli, 
Prado and Ferrari, Compt. rend. Soc. 
Biol., Paris, 106, 1931, 142; Unnamed 
anaerobe of Matte, Inst. Biol. Soc. Nac. 
Agric., Chile, FA, 1921, (31?) (cited from 
Vawter and Records, loe, cit., 172). 

Rods: 1.0 to 1.3 by 3.0 to 5.6 microns, 
with rounded ends, occurring singly, in 
pairs and in short chains. Motile with 
long peritrichous flagella. Spores oval to 
elongate, subterminal, swelling rods. 
Gram-positive. 

Gelatin: Liquefied. 

Blood agar surface colonies (anaerobic): 
Light, diffuse growth. Blood hemolyzed. 

Deep agar colonies: At first lenticular, 
becoming densely woolly masses with 
short peripheral filaments. Little or no 
gas formed. 

Broth plus liver: Luxuriant diffuse 
turbidity, followed by agglutinative 
clearing. Moderate gas formed. 

Milk; Acid and slow coagulation. Clot 
not digested. 

Acid and gas from glucose, fructose, 
galactose and glycerol. Lactose, maltose, 
sucrose, raffinose, arabinose, xylose, 
inulin, salicin, mannitol and dulcitol not 
fermented. Subsequent studies show 
that pure galactose is not fermented 
(Records and Vawter, Nevada Agr. Exp. 
Sta., Bull. 173, 1945, 48 pp.). 

Indole is formed. 

Methyl red and Voges-Proskauer tests 
are negative. 

Nitrites are not produced from 
nitrates. 

Hydrogen sulfide is produced. The 
four characteristics given above are 
from Records and Vawter {loc, cit., 30). 


Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Meat medium reddened, not black¬ 
ened. No digestion. 

Pathogenic and toxie for guinea pig and 
rabbit. Effect due to an unstable hemo¬ 
lytic toxin. 

Grows well at 37^C. 

Anaerobic. 

Source: From blood and tissues of cattle 
dying of icterohemoglobinuria. 

Habitat: Not determined. Thus far 
isolated only from animals. 

9. Clostridium novyi (Migula) Bergey 
et al. {BocUIub oedemaiiB maligni No. 
II, Novy, Ztschr. f. Hyg., 17, 1894, 212; 
BocUIub oedematiB thermophiluB Kruse, 
in Flfigge, Die Mikroorg., 3 Aufl., F, 1896, 
242; RoctiZtxa novyi Migula, Syst.d.Bakt., 
F, 1900, 872; Bacterium oedematiB ther¬ 
mophiluB Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897,126; BaciUuB ther- 
mophilus Chester, Man. Determ. Bact., 
1901, 265; BocUIub oedematienB Weinberg 
and Seguin, Compt. rend. Soc. Biol., 
Paris, 78, 1915, 507 (Bacille B, Weinberg 
and Seguin, ibid., 177); NovUIub maliqni 
Heller, Jour. Bact., 7, 1922, 7; CloB¬ 
iridium oedematienB Bergey et al., 
Manual, 1st ed., 1923, 326; Bergey et al., 
idem; Clostridium thermopkilum Pribram, 
Jour. Bact., FF, 1931, 430; Clostridium 
novyi Type A, Scott, Turner and Vawter, 
Proc., 12th Intemat. Vet. Congr., F, 
1934,175.) Named for F. G. Novy, the 
American bacteriologist who first iso¬ 
lated this organism. 

Related or possibly identical species: 
Neuen pathogenen anaeroben Bacillus, 
Kerry, Osterr. Ztschr. f. Wiss. Veterin- 
&rk., S, 1894, 228; Bacterium nivosum 
LeBlaye and Guggenheim, Man. Prat. d. 
Diag. Bact., 1914, 344 (Bacille neigeux, 
Jungano, Compt. rend. ^c. Biol., Paris, 
68, 1907, 677; Bacillo nevoso, Jungano, R 
Tommasi, F, 1907, (731?); Oasddembasil- 
lus, Aschoff, Deuts. med. Wchnschr., 4F, 
1916,512; BadUuB beUanenoiB SaequFp^, 
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G>inpt. rend. Soc. Biol., Paris, 80^ 1917, 
850 (Bacille de Tocd^me gazeux malin, 
Sacqu^p^e, i6i(/., 78, 1915, 316; Clostri¬ 
dium bellonensis PrcSvot, Ann. Inst. 
Post., 61, 1938,81); Bacillus gigas Zeiss- 
ler and Rassfeld, Arch. Wiss. u. Prakt. 
Tierhlk., 69, 1929,419 (Clostridium novyi 
Type B, Scott et al., loc. cit,, 175; Clostri¬ 
dium gigas Pr^vot, Ann. Inst. Past., 61, 
1938, 82); not Bacillus gigas Trcvisan, 
Atti. d. Accad. Fis.-Med.-Stat., Milano, 
Ser. 4, S, 1885, 96; Clostridium novyi 
Type C, Scott ct al., loc. cit., 175 (non- 
pathogenic bacillus of osteomyelitis of 
buffalo, Kraneveld, Xeclerl. Ind. Bl. 
Diergenecsk., 49, 1930, 564; Clostridium 
bubalorum Pr^vot, Ann. Inst. Past., 61, 
1938,82; Bacillus osteomyelitis bubalorum 
Pr^vot, Man. d. Class., etc., 1940, 123). 

Rods: 0.8 to 0.9 by 2.5 to 5.0 microns, 
occurring singly and in pairs, not in 
chains. Motile with peritrichous flagella. 
Spores large, oval, subtcrminal, swelling 
rods. Gram-positive. 

Gelatin: Liquefied and blackened. 

Agar surface colonies (anaerobic): 
Small, white, with darker center, 
filamentous. 

Agar slant (iinaei’obic): Grayish, 
spreading growth. 

Deep agar colonies: Compact, opaque, 
becoming filamentous with age. 

Broth: Turbid, with flocculcnt 

sediment. 

Litmus milk: Acid, not coagulated. 
Litmus reduced. 

Acid and gas from glucose, fructose, 
maltose, xylose, starch and glycerol. 
Lactose, sucrose, mannitol, dulcitol, inu- 
lin and salicin not fermented (Hall, Jour. 
Inf. Dis.,S0,1922,491). 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Pathogenic for guinea pig, rabbit, 
mouse, rat and pigeon. Forms an c.xo- 
toxin, toxic on injection but not on 
feeding growth. 

Optimum temperature 35^C to38®C. 

Anaerobic. 


Source: From a guinea pig inoculated 
with peptonized casein; later from gase¬ 
ous gangrene. 

Habitat: Probably occurs in manured 
soils. 

10. Clostridium botulinum (Van 
Ermengem) Holland. (Bacillus botu- 
linus Van Ermengem, Cent. f. Bakt., I 
Abt., 19, 1896, 443, and Ztschr. f. Hyg., 
26, 1897,48; Holland, Jour. Bact., 5, 1920, 
217; Ermengemillus botulinus Heller, 
Jour. Bact., 7, 1922, 8.) From Latin, 
botulus, sausage; M.L., botulinus, relating 
to sausage. 

Clostridium botulinum comprises a 
number of toxic species, conveniently 
divided by Bengtson, U. S. Public Health 
Serv., Hyg. Lab. Bull. 136,1924, 33, and 
by Meyer and Gunnison, Jour. Inf. Dis., 
45, 1929,96 and 108, and by Gunnison and 
Meyer, J^our. Inf. Dis., 4^, 1929,130, into 
a non-ovolytic (Clostridium botulinum) 
and an ovolytic (Clostridium parabotuli- 
num) group. Authorities are not yet in 
agreement on fermentations and on 
variant^ub-types, and the present group¬ 
ings arc only tentative, and subject to 
revision. Meyer and Gunnison cite some 
15 sub-types on the basis of toxicity, 
agglutination and fermentation. 

The original Van Ermengem strain is 
not available, and his description is 
inadequate for classification purposes. 
Description follows Bengtson (loc. cit.) 
who used Lister Institute Strain No. 94 
(Brit. Med. Res. Counc., Spec. Rept. 
Ser. No. 12, 1917, 29; ibid.. Spec. Rept. 
Ser. No. 39,1919, 26) as a type culture. 

Rods: 0.5 to 0.8 by 3.0 to 8.0 microns, 
with rounded ends, occurring singly, in 
pairs and in short to occasional long 
chains. Motile with peritrichous flagella. 
Spores oval, central, subterminal, to 
terminal at maturation, slightly swelling 
rods. Gram-positive. 

Gelatin: Liquefied. 

Deep liver agar colonies: Fluffy with 
dense center. 

Liver agar surface colonies (anaerobic): 
No perceptible growth. 
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Broth: Scant or no growth. 

Liver broth: Luxuriant turbidity, with 
considerable gas. 

Milk: Slowly increasing acidity. No 
coagulation. No gaa. 

Acid and gas from glucose, fructose, 
maltose, dextrin, glycerol, adonitol and 
inositol. Galactose, sucrose, lactose, 
raffinose, inulin, dulcitol, mannitol, 
xylose, arabinose, rhamnose and salicin 
not fermented (Bengtson, Zoc. cit.,22-25). 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Meat medium not blackened or 
digested. 

Pathogenic for animals. Forms a 
powerful exotoxin' which is neurotoxic 
both on injection and feeding. Toxin is 
neutralized by Clostridium parabotu- 
linum Type B antitoxin. 

Optimum temperature 20® to 30®C 
(Van Ermengem, Ztschr. f. Hyg., 26, 
1897,42); 30®C (Van Ermengem, Arch. d. 
Pharmacodyn., S, 1897, 213 and 499; 
see Williams and Reed, Jour. Inf. Dis., 
71, 1942, 227). Starin (Jour. Inf. Dis., 
SS, 1926, 103), growth usually earlier at 
37®C. Toxin production probably best 
around 28®C. 

Anaerobic. 

Source: Unknown. Culture received 
through Reddish from Robertson as 
Bacillus hoiulinus No. 94, Strain A, 
Institute of Infectious Diseases at Berlin. 
Similar strains have been isolated from 
canned foods. 

Habitat: Probably occurs in soil. 

10a. Clostridium botulinum Type C. 
(Toxin producing anaerobe, Bengtson, U. 
S. Pub. Health Repts., S7, 1922,164 and 
2252; Bacillus botulinus Type C, Bengt¬ 
son, ibid., 38, and U. S. Pub. Health 
Serv., Hyg. Lab. Bull. 136, 1924, 7; 
Clostridium luciliae Bergey et al., Man¬ 
ual, 1st ed., 1923, 336.) From Latin, 
botulus, sausage. 

Probably identical variety; Clostridium 
parabotvlinum squi Theiler and Robin¬ 


son, Rev. G^n. de Med. Vet., S6, 1927,199 
{Clostridium botulinum Type E, Topley 
and Wilson, Principles of Bact. and Im¬ 
munol., 2nd ed., 1936, 688; Bacillus 
{Clostridium) botulinum D, Weinberg and 
Ginsbouiig, Donnies Recentes sur les 
Microbes Anadr., Paris, 1927, 107, but 
shown to be a Type C by Robinson, Union 
S. Africa, 16th Ann. Rept., Dir. Vet. 
Serv. and Animal Indus., 1930, 126; not 
Clostridium botulinum Type D, Meyer 
and Gunnison, vide infra). From a rat 
carcass presumably responsible for botul¬ 
ism in mules in South Africa. 

Related varieties: Bacillus parabotu- 
linus Seddon, Jour. Comp. Path, and 
Therap., S6, 1922, 155 and 275 {Clostri¬ 
dium parabotulinum Ford, Text-Book of 
Bact., 1927, 743, although this name was 
used earlier in the “group*' sense by 
Bengtson, U. S. Pub. Health Serv., Hyg. 
Lab. Bull. 136, 1924, 32). First isolated 
from bones considered the source of 
“bulbar paralysis^ of cattle in Australia. 

Clostridium parabotulinus bouis Theiler 
et al., Union S. Africa, Dept. Agric., 11th 
and 12th Repts. of the Dir. Vet. Educ. 
and Res., Part II, 1927,1202 {Clostridium 
botulinum Type D, Meyer and Gunnison, 
Proc, Soc. Expt. Biol, and Med., 26, 
1928-29, 88, also Jour. Inf. Dis., 46, 1929, 
106; not Clostridium botulinum Type D, 
Weinberg and Ginsbourg, vide supra). 
From “lamziekte** of cattle in South 
Africa. 

Clostridium botulinum Type E, Gunni¬ 
son, Cummings and Meyer, Proc. Soc. 
Expt. Biol, and Med., S6, 1936, 278. An 
organism received by them from the 
Russian Ukraine; source of isolation not 
stated. 

Clostridium botulinum Type C may be 
regarded as a variety of Clostridium 
botulinum, as it has morphologic and 
cultural characters very similar to those 
of the Van Ermengem strain. Only 
divergent or additional characters are 
recorded here. 

Rods: 0.5 to 0.8 by 3.0 to 6.0 microns, 
commonly slightly curved. 

Agar stab: Slight growth. No gas. 
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Deep liver agar colonics: Lenticular^ 
becoming loosely fluffy. Gas is formed. 

Deep glucose agar colonies: Fluffy, 
without central nucleus. Gas is not 
formed. 

Agar surface growth (anaerobic): Very 
scant, thin. 

Broth: Scant growth. 

Milk: Slowly increasing acidity. No 
coagulation. No digestion. 

Acid and gas from glucose, fructose, 
galactose, maltose, glycerol and inositol. 
Dextrin is weakly fermented. Sucrose, 
lactose, raffinose, inulin, adonitol, dulci- 
tol, mannitol, xylose, arabinose, rhamnose 
andsalicin not fermented. 

Pathogenic for animals. Forms a 
powerful exotoxin which is neurotoxic 
both on injection and feeding. Toxin is 
neutralized by homologous (Type Ca) 
antitoxin, but not by Bacillus paraboiu- 
linus Seddon (Type C/3) antitoxin, al¬ 
though Seddon-toxin is neutralized by 
Type Ca antitoxin (Pfenninger,Jour. Inf. 
Di8.,55, 1924,347). 

Grows well at 37®C. 

Anaerobic. 

Source: Larvae of blue bottle lly 
(Lucilia eaesar). Produces limberneck 
in chickens. 

Habitat: Not determined, other than 
this source. 

11. Clostridium acetobutylicum Mc¬ 
Coy, Fred, Peterson and Hastings. 
(McCoy et al., Jour. Inf. Dis., 39, 1926, 
483; ibid.f 4^, 1930, 118; Clostridium 
aeeto-butylicum Legg, U. S. Pat., 
1,668,814, 1928; Clostridium acetono- 
hutylicum Pr^vot, Ann. Inst. Past., 61, 
1938, 80; Clostridium acetobutyricum 
Prdvot, Man. d. Class., etc., 1940, 110.) 
From Latin ^ acetum, vinegar and butyli- 
cu8f butylic, relating to butyl alcohol. 

Synonyms*: Bacillus fjranulobacter 

pectinovorum Speakman, Jour. Biol. 
Chem., 41, 1920,319; Clostridium aceioni- 
genum Donker, Inaug. Diss., Delft., 1926, 
144. 

Rods: Vegetative cells 0.6 to 0.72 by 2.6 
to4.7 microns; Clostridia 1.3 to 1.6 by 4.7 


to 5.5 microns. Straight, with rounded 
ends, occurring singly and in pairs, not 
in chains. No capsules. Motile with 
peritrichous flagella. Spores oval, cxcen- 
trie to subtcrminal, swelling rods to 
Clostridia. Gram-positive, becoming 
Gram-negative. 

Granulose reaction ]x)sitive in clos¬ 
tridial stage. 

Glucose gelatin: Liquefied. 

Glucose agar surface colonies (anae¬ 
robic): Compact, raised, fairly regular. 

Deep glucose agar colonies: Compact, 
typically lenticular and smooth. .\gar 
fragmented early by abundant gas. 

Blood agar not hemolyzed. 

Pigmentation: None; colonies creamy- 
white, opaque. 

Plain broth: No growth. 

Glucose broth: Abundant, uniform 
turbidity, with much gas. 

Litmus milk: .\cid and active, often 
stormy, coagulation. Litmus reduced. 
Clot fragmented by gas, but not visibly 
digested. Proteolysis demonstrable, 
however, on milk agar. 

Potato: Growth creamy-yellow. Po¬ 
tato digested to a yellow slime. 

Corn mash: Much ga.s with butylic 
odor. 

Indole not formed. 

Acetylmethylcarbinol formed from 
many carbohydrates. 

Nitrites not produced from nitrates. 

Nitrites reduced to ammonia. 

.\cid and gas from arabinose, xylose, 
rhamnose, glucose, galactose, mannose, 
fructose, sucrose, maltose, lactose, raffi¬ 
nose, melezitose, starch, dextrin, inulin, 
glycogen, d-mannitol, a-methyl glucoside 
and salicin. Esculin, amygdalin and tre¬ 
halose are weakly fermented. Mclobiose, 
dulcitol, d-arabitoL perseitol, lactositol, 
sorbitol, erythritol, adonitol, inositol, 
quercitol, glycerol, pectin and cellulose 
are not fermented. 

Fermentation products include ace¬ 
tone; butyl and ethyl alcohols, butyric 
and acetic acids, and COs. 

Coagulated albumin cubes: Softened 
and browned by slow digestion. 
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Hydrogen sulfide produced from thio¬ 
sulfate or sulfite; generally negative from 
proteinaceous sources. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature probably about 
37®C. Grows from 20®C to 47®C. 

Anaerobic. 

Source: From corn, molasses, potato 
and garden soil. 

Habitat: Widely, but apparently 
sparsely, dispersed in agricultural soils. 

Note : A number of acetone and butyl 
alcohol-fermenting anaerobes have been 
described. Present knowledge, however, 
does not permit any expression of the 
degree of possible relationship. Only a 
few w-ell-described species are cited. 
Bacillus butylicus B. F., Ricard, U. S. 
Pat., 1,386,888, 1921; Bacillus butylaceti- 
cum Freiberg, U. S. Pat., 1,537,597, 
1925; Clostridium bulyricum {Prazmow^ 
ski-Pike-Smyth) Pike and Smyth, U. S. 
Pat., 1,655,435, 1928; Butylobacter betacy 
Buiylobacier sinensey Butylobacter solani 
and Butylobacter zeae Bakonyi, British 
Pat., 328,723,1930, and U. S. Pat,, 1,818,- 
782, 1931; Bacillus saccharobutyricus 
liquefaciens McCoy et al.. Jour. Inf. Dis., 
46y 1930,121 {Bacillus saccharobulyricum 
liquefaciens Legg and Stiles, U. S. Pat., 
1,927,813, 1933); Clostridium weeharo- 
butylicum-gamma Izsak and Funk, U. S. 
Pat., 1,908,361, 1933 {Clostridium sac- 
charobutylicum gamma and Clostridium 
saccharobutyricum gamma *^zsak and 
Funk, U. S. Pat., 2,01b,112, 1935); 
Clostridium saccharo-acetobutyl icum-al- 
pha McCoy, British Pat., 415,311, 1934;* 
Clostridium propyl-butylicum Muller and 
Legg, British Pat., 415,312,1934 {Clostri¬ 
dium propyl butylicum Legg and Stiles, 
U. S. Pat., 2,063,448, 1936); Clostridium 
saccharobutyl-acetonicum Loughlin, Brit¬ 
ish Pat., 409,730, 1934, and U. S. Pat., 
1,996,428,1935, and 1,992,921,1935; Clos¬ 
tridium saccharo-aceiohulylicum Stiles and 
Leggi British Pat., 437,121,1935 {Clostri¬ 


dium saccharo-acetobutylieum Legg, U. S. 
Pat., 2,063,449, 1936); Clostridium sae- 
ckaro-acetobutylicum-beta Arzberger, U. 
S. Pat., 2,050,219, 1936; Clostridium sae- 
charo-acetobutylicum-gamma Arzberger, 
ibid .; Clostridium inverto-acetobutylicum 
Legg and Stiles, British Pat., 437,120, 
1935, and Legg, U. S. Pat.,2,063,449,1936; 
Clostridium {Bacillus) tetrylium Ow'en, 
Mobley and Arroyo, Cent, f. Bakt., II 
Abt., 96y 1936, 131; Clostridium sac- 
charobutyl-isopropyl-acetonicum Lough¬ 
lin, U. S. Pat., 2,086,666, 1937 {Clostn- 
dium saccharo-butyl-isopropyl-acetoni- 
cum Loughlin, ibid., and U. S. Pat., 
2,096,377, 1937). 

12. Clostridium aerofoetidum (Wein¬ 
berg and Seguin) Bergey et al. (Bacille D, 
Weinberg, Compt. rend. Soc. Biol., Paris, 
79y 1916,117; Bacillus aerofoetidus Wein¬ 
berg and Seguin, ibid.y 1028; Bacillus 
aero-foetidus McIntosh, Med. Res. 
Counc., Spec. Rept. Ser. No. 39,1919,42; 
Seguinillus aerofoetidus Heller, Jour. 
Bact., 7, 1922, 7; Bergey et al., Manual, 
1st ed., 1923, 327.) From Latin, aer, air 
and foetiduSy fetid. 

Rods: 0.4 to 0.6 by 3.0 to 5.0 microns, 
occurring singly, in pairs and in short 
chains. Motile with peritrichous flagella. 
Spores rare, oval, subterminal, slightly 
swelling rods. Gram-positive. 

Gelatin: Rapidly liquefied. 

.\gar surface colonies (anaerobic): 
Circular, transparent, with faintly bluish 
tint, fimbriate. 

Deep agar colonies: Lenticular, becom¬ 
ing indented and lobate. 

Blood agar not hemolyzed. 

Glucose broth: Turbid; with sediment. 

Litmus milk: Acid; slowdy coagulated; 
followed by slow peptonization. Gas is 
formed. 

.Acid and gas from glucose, fructose, 
galactose, mannose, maltose, lactose, 
xylose, amygdalin, salicin, esculin and 
glycogen. Sucrose, inulin, glycerol and 
mannitol not fermented. 

Coagulated albumin slowly liquefied. 

Blood serum is liquefied. 
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Brain medium blackened and digested. 

Meat medium reddened, then black¬ 
ened and slowly digested. 

Slightly pathogenic for guinea pig. 

Optimum temperature 30®C to 36®C. 

Anaerobic. 

Source: From gaseous gangrene and 
from feces. 

Habitat: Not determined other than 
these sources. Probably occurs in soil. 

13. Clostridium sporogenes (Metchni- 
koff) Bergey et al. (Bacillus sporogenes 
var. A, Metchnikoff, Ann. Inst. Past., , 
1908, 944; Bergey et al., Manual, 1st ed., 
1923, 329; not Clostridium sporogenes 
Holland, Jour. Bact., 5,1920, 220 (BaciU 
lus enteritidis sporogenes Klein, Cent. f. 
Bakt., I Abt., 18, 1895, 737; Bacillus 
sporogenes Migula, Syst. d. Bakt., 2, 
1900, 560; Bacillus (enteritidis) sporo¬ 
genes and Bacillus enteritidis Klein, 
Local Govt. Bd., Ann. Kept. Med. Off., 
London, 55,1903-04,442 and 443.) From 
Greek, sporus, seed; M L., spore; genes, 
producing. 

Two varieties, A and B, were de¬ 
scribed. Bacillus sporogenes var. A, 
Metchnikoff, loc. cit., 944 (Metchnikovil- 
lus sporogenes Heller, Jour. Bact,, 7, 
1922, 9; Clostridium sporogenes var. A, 
Pr4vot, Ann. Inst. Past., 61, 1938, 83) is 
regarded as the typical form and is de¬ 
scribed here. Var. B, see Clostridium 
bifermentans. 

Synonyms or probably related species: 
Oedembacillen, Koch, Mitt. a. d. kaiser!. 
Gesundheitsamte, 1, 1881, 54; Bacillus 
oedematis maligni Zopf, Die Spaltpilze, 
3 Aufl., 1885, 88 (not Bacillus oedematis 
maligni Liborius, Ztschr. f. Hyg., 1, 1886, 
158; Bacillus oedematis Migula, Syst. d. 
Bakt., 2, 1900, 604); Bacillus oedematis 
Chester, Man. Determ. Bact., 1901,292; 
Clostridium oedematis maligni Bergey et 
al., Manual 1st ed., 1923,3^ (see Species 
No. 6, Clostridium septicum Ford, p. 774): 
Paraplectrum foetidum Weigmann, Cent, 
f. Bakt., II Abt., 4, 1898,827 (Bacterie 2, 
Weigmann, Cent. f. Bakt., II Abt., 5, 
1896, 156; Bacillus weigmanni Chester, 


Man. Determ. Bact., 1901, 300; Plee- 
iridium foetidum Weigmann, Mykologie 
der Milch, Leipzig, 1911, 70; Bacillus 
anaerobius foetidus LeBlaye and Guggen¬ 
heim, Man. Prat. d. Diag. Bact., 1914, 
329; Endosporus foetidus Pr^vot, Ann. 
Inst. Past., 61, 1938, 75); Bacillus sapro- 
genes carnis Salus, Arch. f. Hyg., 51, 
1904, 114 (Bacillus saprogenes Salus, 
ibid., 115; not Bacillus saprogenes I, II, 
III, Herfeldt, Ceht. f. Bakt., II Abt., 1, 
1895, 77; Bacillus carnis saprogenes 
Salus, Arch f. Hyg., 51, 1904, 124; 
Plectridium saprogenes Prdvot, Ann. 
Inst. Past., 61, 1938, 87); Bacillus sporo¬ 
genes coagulans Debono, Cent. f. Bakt., 
I Abt., Orig., 62, 1912 , 229 (Clostridium 
coagulans Bergey >et al., Manual, 1st 
ed., 1923 , 335); Reading Bacillus, Don¬ 
aldson and Joyce, Lancet, 2, 1917, 448; 
Bacillus putrificus verrucosus Zeissler, 
Ztschr. f. Infkrnkh. u. Hyg. Haust., 21, 
1920-21, 13 (Bacillus verrucosus Leh¬ 
mann and Sussmatin, in Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
662). 

Rods: 0.6 to 0.8 by 3.0 to 7.0 microns, 
with rounded ends, occurring singly, in 
pairs, or less frequently in short to long 
chains and filaments. Motile with peri- 
trichous flagella. Spores oval, cxccntric 
to subterminal, swelling rods. Gram¬ 
positive. 

Gelatin; Liquefied and blackened. 

Agar surface colonies (anaerobic): 
Small, irregular, transparent, becoming 
opaque, yellowdsh-white, fimbriate. 

Deep agar colonies: Woolly balls with 
dense, nodular center. 

Agar slant (anaerobic): Grayish, 
opaque, spreading. 

Blood agar is hemolyzed. 

Broth: Turbid. Gas is formed. * Putrid 
odor. 

Litmus milk: Softly coagulated. Lit¬ 
mus reduced. Slow peptonization, leav¬ 
ing a dark, amber-colored liquid. 

Indole formed (trace). Not formed 
(Hail, Jour. Inf. Dis., SO, 1022, 482). 

Nitrites not produced from nitrates. 

Acid and gas from glucose, fructose, 
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galactose and maltose. Lactose, sucrose, 
salicin, glycerol, mannitol and inulin not 
fermented. (Records vary on many 
sugars.) 

dloagulated albumin liquefied. 

Blood serum liquefied to a dark, putrid 
liquid. 

Brain medium blackened and digested. 
Foul odor. 

Meat medium reddened, then black¬ 
ened and digested with foul odor. Gas is 
produced. Tyrosin crystals not obvious. 

Non-pathogenic to guinea pig and rab¬ 
bit, other than a slight, temporary local 
tumefaction. Filtrate non-toxic on in¬ 
jection and feeding. 

Optimum temperature 37®C. Can 
grow at 60®C. 

Anaerobic. 

Source; From intestinal contents, 
gaseous gangrene, and from soil. 

Habitat: Ck)mmon in soil, especially 
where heavily manured. 

The following species are commonly 
regarded as variants of the typical 
Clostridium sporogenes, 

13a. Clostridium sporogenes var. A . P. 
Marie Pr^vot, Ann. Inst. Past., 61 ^ 1938, 
83 (Bacille anaerobic, Marie, Compt. 
rend. Soc. Biol., Paris, 93, 1926, 21). 

Resembles the typical Clostridium 
sporogenes except in the sharp but not 
putrid odor of its cultures. 

Pathogenicity: Large abscesses are in¬ 
duced on subcutaneous injection into 
guinea pigs. 

From spontaneous putrefaction of 
macerated pork. 

13b. Clostridium sporogenes var. equine 
Pr^vot, Ann. Inst. Past., 61, 1938, 83 
(Unnamed anaerobe No. IV, Chouk^- 
vitch, Ann. Inst. Past., 33,1911,259). 

Sporulation is delayed and restricted. 
Spores are long and almost rectilinear. 

Litmus milk is coagulated, then the 
clot is digested after 3 to 4 weeks. 

Coagulated albumin is slowly dissolved. 


Not pathogenic for guinea pig or mouse. 

From large intestine of horse. 

13c. Clostridium tyrosinogenes (Hall) 
Bergey et al. (Culture No. 106, Hall and 
Finnerud, Proc. Soc. Expt. Biol, and 
Med., 19f 1921-22, 48; Bacillus tyrosino¬ 
genes Hall, Abst.* Bact., 3, 1922, 7; not 
Bacillus tyrosinogenes Rusconi, as cited 
by Carbone, Ramazotti, Mazzucchi and 
Monti, Boll. 1st. Sieroter., Milan, 3 , 
1921, (29?), see Clark and Smith, Jour. 
Bact., 57, 1939, 278; Bergey et al.. 
Manual, Ist ed., 1923, 329; Clostridium 
sporogenes var. tyrosinogenes Pr4vot, 
Ann. Inst. Past., 61, 1938, 83.) From 
Greek, tyrus, cheese; M. L., tyrosinum, 
tyrosine; genes, producing. 

Ferments monosaccharides but not 
higher carbohydrates (Hall, Jour. Inf. 
Dis., SO, 1922, 482). 

Traces of gas, but no acid, from 
glycerol, sorbitol, mannose, xylose, lac¬ 
tose, sucrose, arabinose, galactose, salicin, 
inulin, dextrin and starch (F. E. Clark, 
personal communication). 

Distinctive character: Forms large 
amounts of tyrosin which precipitate in 
cultures in protein media. 

Source: Originally isolated from a cul¬ 
ture erroneously labeled Bacillus tetani. 
Later isolated from an amputated arm. 

Habitat: Not determined. Only two 
isolations on record. 

13d. Clostridium flabelliferum Sturges 
and Reddish. (Fish-tailed putrefactive 
anaerobe. Reddish and Sturges, Abst. 
Bact., 8, 1924, 5; Sturges and Reddish, 
Jour. Bact., 11, 1926, 37; Clostridium 
sporogenes var. caudapiscis Pr4vot, Ann. 
Inst. Past., 61, 1938, 83.) From Latin, 
flahellum, a little fan;/er, bearing. 

Glucose agar surface colonies (anae¬ 
robic): Coarse, raised, with long pe¬ 
ripheral intertwining outgrowths. 

Deep plain agar colonies: Irregular, 
becoming woolly. 

Sucrose is fermented (in contrast with 
Clostridium sporogenes). 

Distinctive character: Spores are long 
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retained within the sporangium, of which 
the distal end frays out to hbrils, giving 
the characteristic fish*tail appearance. 
Otherwbe closely resembles Clostridium 
aporogenes. 

Source: From soured hams and from 
salt. 

Habitat: Not determined, other than 
these sources. 

13e. Clostridium parasporogenes (Bul< 
loch et al.) Bergey et al. (Bacillus Type 
XII, McIntosh and Fildes, Med. Res. 
Oounc., Spec. Kept. Ser. No. 12,1917,36; 
Bacillus parasporogenes Bulloch et al., 
Med. Res. Counc., Spec. Rept. Ser. No. 
39, 1919, 39; Bergey et al,, Manual, 1st 
ed., 1923,327; Clostridium sporogenes var. 
parasporogenes Pr^vot, Ann. Inst. Past., 
01,1938,83.) 

Deep agar colonies: Lenticular to 
slightly irregular. Not woolly. 

Pathogenic for young guinea pigs. 
Filtrate non-toxic on injection or on 
feeding. 

Optimum temperature 30^*0 to 35°C, 

Distinctive character: Resembles Clos¬ 
tridium sporogenes, but does not form 
woolly colonies in deep agar, and is 
agglutinatively distinct. Probably 
merely a variety. 

Source: From gaseous gangrene. 

Habitat: Not determined. Probably 
occurs in soil. 

14. Clostridium parabotulinum Bengt- 
son. (U. S. Pub. Health Serv., Hyg. 
Lab. Bull. 136, 1924,32; Types A and B, 
Burke, Jour. Bact., 4, 1919, 556; Clostri¬ 
dium botulinum Types A and B, Bergey 
et al.. Manual, 1st ed., 1923,328.) From 
Latin, para, like; M.L., botulinum, a 
species name. 

Note : This group comprises the putre¬ 
factive (ovolytic) species, including 
strains commonly referred to as Memphis 
and Canton (Type A), and Nevin (Type 
B). Growth of these types is more 
easily obtained than with the Clostridium 
botulinum strains, and the reactions are 
more obvious. 


Gunnison and Meyer (Jour. Inf. Dis., 
4S, 1929, 130) propose an intermediate 
group between Clostridium botulinum and 
Clostridium parabotulinum, which they 
call Clostridium metabotulinum. Such 
a group would provisionally include cer¬ 
tain European Type B strains, the Aus¬ 
tralian Type C, certain American Type C 
strains, and the South African Type D. 

Rods: 0.5 to 0.8 by 3.0 by 8.0 microns, 
wdth rounded ends, occurring singly, in 
pairs, and in short chains. Motile with 
peritrichous flagella. Spores oval, 
subterminal, distinctly swelling rods. 
Gram-positive. 

Gelatin: Liquefied. 

Deep liver agar colonies: Type A tend 
to be restricted to compact disks, with 
sharp outline and [|mall, opaque nucleus 
at periphery. Type B tend rather to 
form loose, woolly colonies (indicative 
only). 

Liver agar surface growth (anaerobic): 
Profuse, moist. 

Broth: Fairly abundant diffuse tur¬ 
bidity. Many strains spontaneously 
agglutinate. 

Liver broth: Luxuriant turbidity. 
Profuse gas. 

Milk: Slight acidity; slow curdling pre¬ 
cipitation, with subsequent digestion and 
darkening. 

Fermentation records are variable: 
Acid and gas from glucose, fructose, mal¬ 
tose, dextrin, glycerol and salicin. 
Galactose, sucrose, lactose, rhamnose, 
rafflnose, inulin, adonitol, dulcitol, man¬ 
nitol, xylose, arabinose and inositol not 
fermented (Bengtson, loc. cit., 22-25). 

Coagulated albumin liquefied: Action . 
of Type B usually more marked than 
that of Type A. 

Blood serum liquefied. 

Brain medium blackened and digested, 
with putrefactive odor. 

Meat medium blackened and digested. 
Putrefactive odor. Tyrosine crystals not 
observed. 

Pathogenic for animals. Forms a 
powerful e.xotoxin which is neurotoxic 
both on injection and feeding, and which 



FAlfILT BACILLAGBAE 


786 


is neutralized only by the homologous 
type antitoxin. 

Optimum temperature: Records at var¬ 
iance. Grows best at 35 to 37T. Toxin 
production best at about 28^0. 

Anaerobic. 

Distinctive character: Types are 
identified chiefly by protection tests with 
known-type antitoxin, and to less extent 
by agglutination. 

Source: Chiefly from spoiled, non-acid 
canned goods, from soil and from silage. 

Habitat: Found rather widely dis¬ 
persed in soil. 

15. Clostridium saccharolyticum Ser¬ 
gey et al. {Bacillus aporogenes aaccharo- 
lyticua Distaso, Cent. f. Bakt., I Abt., 
Orig.,59,1911,100; Sergey etal., Manual, 
1st ed., 1923,334.) From Greek, aaccha- 
rum, sugar; lyticua^ dissolving, digesting. 

Rods: Short, rounded ends, occurring 
singly, in pairs and in short chains. 
Motile. Spores large, oval, excentric to 
subterminal, swelling rods. Gram-posi¬ 
tive. 

Gelatin: Liquefied. 

Deep glucose agar colonies: Gray, bi¬ 
convex, lenticular, granular, entire. Gas 
is formed. 

Broth: Turbid. 

Milk: Soft coagulation; casein precipi¬ 
tated, then peptonized, leaving a clear, 
yellow-amber supernatant fluid. 

Indole is formed. 

Acid and gas feebly formed from glu¬ 
cose. Lactose and sucrose feebly, or 
doubtfully, fermented. 

Coagulated albumin slowly liquefied. 

Grows well at 37®C. 

Anaerobic. 

Distinctive character: All cultures give 
a mixed butyric and fecal odor. 

Source: From feces of a chimpanzee. 

Habitat: Not determined, other than 
this source. 

16. Clostridium regulare Sergey et al. 
{Bacillua aporogenea regularia Distaso, 
Cent. f. Bakt., I Abt., Grig., 69. 1911,100; 


Sergey et al.. Manual, 1st ed., 1923,334.) 
From Latin, straight. 

Long rods: With rounded ends, occur¬ 
ring singly and in pairs. Motile. Spores 
oval, small, subterminal, slightly swelling 
rods. Gram-positive. 

Gelatin: Liquefied. 

Deep agar colonies: Small, opaque, 
irregular. 

Milk: Acid; slowly coagulated, then 
clot slowly digested. 

Indole formed in small quantity. 

Slight acidity from glucose, lactose and 
sucrose. Gas is not formed. Odor of 
scatol and valerianic acid. 

Coagulated albumin slowly liquefied. 

Grows at 37®C. 

Anaerobic. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

17. Clostridium hastiforme MacLen- 
nan. (A4, Cunningham, Cent. f. Bakt., 
II Abt., 99. 1930-31, 487, and B4a, Cun¬ 
ningham, ibid,. 35,1931,11; MacLennan, 
Jour. Path, and Bact., 69. 1939, 543.) 
From Latin, resembling a spear. 

Rods: Slender, 0.3 to 0.6 by 2.0 to 6.0 
microns, with rounded ends, occurring 
singly, in pairs, and rarely in short chains. 
Filaments not observed. Motile, with 
delicate peritrichous flagella; motility 
persists even after sporulation. Spores 
ellipsoidal, subterminal, swelling rods. 
Polar-cap of protoplasm remains long 
attached to free spores. Gram-positive. 

Gelatin: Rapidly liquefied. Blacken¬ 
ing not recorded. 

Plain agar surface colonies (anaerobic): 
Minute translucent dots, becoming ir¬ 
regularly round, granular, grayish-white, 
with opaque center and delicate translu¬ 
cent border. 

Blood agar surface colonies (anaerobic): 
As above, but larger and more opaque. 
Old colonies show grayish pigmentation. 
No hemolysis. 

Deep plain agar colonies: Small, irregu¬ 
larly round with coarsely filamentous 
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border. A little gas is occasionally 
formed. 

Broth: Transient uniform turbidity, 
quickly settling as a heavy, white, 
^culent deposit. Culture assumes a 
cheesy odor. 

Milk: Abundant growth, with lab- 
coagulation in 2 to 3 days. No increase in 
acidity; becoming slightly alkaline. Clot 
completely digested in 10 to 14 days, leav¬ 
ing a white, scmi-translucent fluid of 
cheesy odor. 

Indole not formed. 

Ammonia not formed. 

Hydrogen sulfide not formed. 

Glucose not fermented. 

Carbohydrates not fermented. 

Egg medium: No digestion or other 
visible change. 

Coagulated albumin not digested or 
blackened. 

Blood serum not digested or blackened. 

Meat medium not digested or black¬ 
ened, even in presence of metallic iron. 
Meat particles slightly reddened. 

Brain medium not digested or 
blackened. 

Grows well between 22®C and 37®C. 

Anaerobic. 

Non-pathogenic to guinea pigs on sub¬ 
cutaneous inoculation (Cunningham, 
Cent. f. Bakt., II Abt., 35,1931,12). 

Source: Originally isolated by Cunning¬ 
ham as a dissociant from a culture of 
BadlluB Boccharobutyricus von Klecki. 
Later isolated by MacLennan; 1 strain 
from a culture of Clostridium sporogenes, 
and 2 strains from street dust. 

Habitat: Not determined, other than 
these sources. 

18. Clostridium subterminale (Hall 
and Whitehead) comb, nov, {Bacillus 
svbUrminalis Hall and Whitehead, Jour. 
Inf. Dis., 1927,66.) Named from the 
characteristic position of the spores. 

Rods: Occurring singly, in pairs and 
rarely in short chains. Motile. Spores 
oval, subterminal, swelling rods. Gram¬ 
positive. 


Gelatin: Slovdy liquefied, with slight 
turbidity and black sediment. 

Blood agar surface colonies (anaerobic): 
Delicate. At first mildly, later actively, 
hemolytic. 

Deep agar colonies: Opaque, compact, 
biconvex or lobate discs. 

Agar slant (anaerobic): No surface 
growth. 

Glucose broth,; Turbidity, but no acid 
or gas formed. 

Indole not formed. 

Milk: Slowly coagulated (2 to 3 days), 
with mild acidity and gas. Slow but com¬ 
plete digestion of casein (8 to 18 days). 

Glucose, fructose, galactose, maltose 
and lactose not fermented. 

Brain medium: Slight turbidity in 
supernatant fluid. Slight gas formation 
and slow digestion. 

Iron brain medium: Blackened in 2 to 3 
days. 

Tyrosin crystals not observable. 

Non-pathogenic to guinea pigs on sub¬ 
cutaneous injection. 

Grows well at 37®C. 

ObWgately anaerobic. 

Source: From an African arrowhead. 

Habitat: Not determined, other than 
this source. 

19. Clostridium malenominatum 
(Weinberg et al.) comb. nov. (Pseudo-coli 
anaerobic, Jungano, Compt. rend. Soc. 
Biol., Paris, 1908-09, 467; Bacillus 
pseudo-coli anakrohie Jungano and Dis- 
taso, Les Ana^robies, 1910,162; Bacillus 
pseudocoli anaerohius LeBlaye and Gug¬ 
genheim, Man. Prat. d. Diag. Bact., 1914, 
345; Bacillus malenominatus Weinberg 
et al., Les Microbes Ana4robies, 1937,763; 
Paraplectrum malenominatum Pr^vot, 
Ann. Inst. Past., 61, 1938, 76.) From 
Latin, meaning badly named. 

Rods: Short, cocco-bacillary, becom¬ 
ing elongated to short filaments'in old 
cultufes—especially in sugar broth. 
Ends rounded. Distinct bipolar staining 
tendency. Non-motile. Capsulated, 
especially in body fluids. Spores oval. 
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subterminal, slightly swelling rods. 
Gram-negative. 

Gelatin: No growth. 

Deep agar colonies: Small,,round, very 
regular, almost transparent. Gas not 
formed. 

Plain broth: Uniform turbidity, set¬ 
tling after 48 hours, forming a fine, pow¬ 
dery sediment. 

Indole not produced. 

Milk: Growth with no coagulation. 

Glucose and sucrose not fermented. 

Coagulated albumin: Not attacked. 

Meat medium: Abundant growth. No 
record of changes. Capsules are demon¬ 
strable in this medium. 

Very pathogenic for guinea pigs, which 
die of septicemia in 24 hours after intra- 
peri toneal inoculation. Less pathogenic 
for rabbit, which dies after one week. 

Toxin not demonstrable in cultures. 

Grows at 22®C to 37®C. 

Obligately anaerobic. 

Source: From feces of a diarrheal 
infant. 

Habitat: Not determined, other than 
this single isolation. 

20. Clostridium bifermentans (Wein¬ 
berg and Seguin) Bergey et al. {Bacillus 
bifermentans sporogenes Tissier and Mar- 
telly, Ann. Inst. Past., Id, 1902, 894; 
Bacillus bifermantans Weinberg and 
Seguin, La Gangrene Gazeuse, Paris, 
1918, 128; Martellillus bifermentans Hel¬ 
ler, Jour. Bact., 7, 1922, 8; Bergey et al.. 
Manual, 1st ed., 1923,323.) From Latin, 
biSf twice, and fermentum, a ferment. 

Closely related if not identical species: 
Bacillus centrosporogenes Hall, Jour. Inf. 
Dis., 30, 1922, 464 {Clostridium centro¬ 
sporogenes Bergey et al., Manual, Ist ed., 
1923, 322); Bacillus oedematis sporogenes 
Sordelli, Compt. rend. Soc. Biol., Paris, 
80,1923, 55 (Anadrobie agent de gangrene 
gazeuse, Sordelli, ibid., 87, 1922, 838; 
Bacillus sordelli Hall and Scott, Jour. 
Inf. Dis., 41, 1927, 329; Bacillus sporo¬ 
genes oedematis Piening, Thesis, Han¬ 
over, 1931, (?), cited from McCoy and 
MeClung, The Anaer. Bact., etc., 3,1939, 
492; Clostridium sordelli Prdvot, Ann. 


Inst. Past., 61, 1938, 83); Clostridium 
oedematoides Meleney, Humphreys and 
Carp, Proc. Soc. Expt. Biol, and Med., 
u, 192^27,677. 

Varying degrees of virulence and 
toxicity occur in the above group. The 
more toxic and virulent strains are com¬ 
monly referred •to as Bacillus sordelli, 
although otherwise an apparently homo¬ 
geneously organized group. 

Probable synonyms: Clostridium foeti- 
dum Liborius, Ztschr. f. Hyg., 1, 1886,160 
{Cornilia foetida Trevisan, I generi e le 
specie delle Batteriacee, 1889, 22; Bacil¬ 
lus foetidus Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 10, 1898, 128; not 
Bacillus foetidus Trevisan, loc. dt., 16); 
Bacillus liquefaciens magnus Lflderitz, 
Ztschr. f. Hyg., 6, 1889, 146 {Cornilia 
magna Trevisan, loc. cit., 22; Bacillus 
magnus Herfeldt, Cent. f. Bakt., II 
Abt., 1, 1895, 78; Bacillus magnus lique¬ 
faciens LeBlaye and Guggenheim, Man. 
Prat. d. Diag. Bact., Paris, 1914, 327; 
Bacillus foetidus clostridiiformis LeBlaye 
and Guggenheim, idem, 327); Clostridium 
foetidum carnis Salus, Arch. f. Hyg., 61, 
1904, 121 {Clostridium carnis foetidum 
and Clostridium foetidum Salus, ibid., 
121 and 124; Clostridium carnofoetidus 
McCrudden, Jour. Biol. Chem., 8, 1910- 
11, 109; Clostridium carnofoetidum 

Pr4vot, Ann. Inst. Past., 61, 1938, 84); 
Bacillus sporogenes var. B, Metchnikoff, 
Ann. Inst. Past., 22, 1908, 944 {Clostri¬ 
dium sporogenes var. B, Pr4vot, Ann. 
Inst. Past., 61, 1938, 83); Bacillus sporo¬ 
genes foetidus Chouk4vitch, Ann. Inst. 
Past., 25, 1911, 257 {Bacillus foetidus 
Choukdvitch, ibid., 258); Bacillus putri- 
ficus tenuis Zeissler, Ztschr. f. Infkrnkh. 
u. Hyg. Haust., 21, 1920-21, 13; Bacillus 
nonfermentans Hall and Whitehead, 
Jour. Inf. Dis., 41 y 1^27, 65. 

Rods: 0.8 to 1.0 by 5.0 to 6.0 microns, 
occurring singly, in pairs, and in short 
chains. Spores oval, central to excentric, 
not distinctly swelling rods. Motile in 
very young cultures only (less than 24 
hours old). Gram-positive. 

Gelatin: Liquefied and blackened. 
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Agftr surface colonies (anaerobic): 
Circular, crenated to amoeboid. 

Bloodagar surface colonies (anaerobic): 
Small, transparent, hemolytic, becoming 
opaque, yellowish, spreading. 

Broth: Turbidity and gas. Thick mu¬ 
coid sediment. 

latmus milk: Slowly coagulated. 
Slowly peptonised, with little gas. 

Bidole is formed. 

Nitrites not produced from nitrates. 

Hydrogen sulfide is produced. 

Acid and gas from glucose, fructose, 
mannose and maltose. Lactose, sucrose 
and inulin not fermented. Records sug¬ 
gest irariability in glycerol and salicin. 

Coagulated albumin rapidly liquefied 
and blackened. 

Blood serum liquefied and blackened. 

Brain medium digested and blackened. 

i!gg-meat medium digested and black¬ 
ened. Tyrosin crystals in 8 to 10 days. 

Pathogenicity: Variable with the 
strain; some kill rabbits in 24 hours; 
others produce only slight edema, while 
some show no effect. 

Toxicity: Likewise variable, from acute 
to none. 

Optimum temperature from 30"C to 
87*C. Can grow at 50®C. 

Anaerobic. 

Source: Originally from putrid meat; 
subsequently from gaseous gangrene. 

Habitat; Occurs commonly in feces, 
soil and sewage. Widely distributed in 
nature. 

21. Clostridium mucosum (Klein) Ber- 
gey et al. (Bacillus mucosus IClein, Cent, 
f. Bakt., I Abt., 99, 1901, 991; not Ba¬ 
cillus mucosus Zimmermann, Die Bakt. 
unserer Trink- li. Nutzwftsser, Chem¬ 
nitz, 9, 1894, 8; Bacterium mucosum 
Mig^da, Syst. li. Bakt., 9, 1900, 315; 
Bacillus kleinii Buchanan and Hammer, 
Iowa Agric. Exp. Sta. Res. Bull. 22,1915, 
276; not BaciUus kleinii Migula, Syst. d. 
Bakt., 9, 1900, 766; not Bacillus kleinii 
Tirevisan, in liU. cited from De Toni and 
Trevisan, in Saccardo, Sylloge Fun- 
gomm, 6, 1889, 946; Clostridium kleinii 


Bergey et al., Manual, 1st ed., 1923,321; 
Bergey et al., Manual, 4th ed., 1934, 
472; not Clostridium mucosum Simola, 
cited from Pr4vot, Man. d. Class., etc., 
1940, 112; Endosporus mucosus Pr5vot, 
Ann. Inst. Past., 61, 1938, 75.) From 
Latin, slimy. 

Rods: 1.3 by 2.0 to 5.0 microns, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile. Spores oval, central, not swelling 
rods. Gram-negative (Klein, loc. cit,). 
Young cultures Gram-positive (Buchanan 
and Hammer, loc, cit,). 

No growth in media without carbohy¬ 
drates. 

Glucose gelatin: Slowly liquefied. 

Glucose gelatin surface colonies (anae¬ 
robic) : Small, gray. 

Glucose gelatin stab: Villous growth. 
Slow liquefaction. 

Glucose agar slant (anaerobic): Thin, 
veil-like layer. Slimy condensation 
water. 

Glucose broth: Turbid. Gas bubbles. 

Litmus milk: Acid; slowly coagulated, 
slimy. Gas formed. Odor of butyric 
acid. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid and gas from glucose. 

Blood serum: No growth. 

Non-pathogenic. 

Grows at 37®C. 

Anaerobic. 

Source: Blood sausage (Blutwurst). 

Habitat: Not determined, other than 
this source. 

22. Clostridium pruchil (Buchanan and 
Hammer) Bergey et al. (Bacillus lactis 
pruchii Conn, Esten and Stocking, 18th 
Ann. Rept. Storrs Agric. Exp. Sta., 1906, 
179; Bacillus pruchii Buchanan and 
Hammer, Iowa Agric. Exp. Sta. Res. Bull. 
No. 22,1915, 276; Bergey et al.. Manual, 
Ist ed., 1923, 322.) Named for M. J. 
Prucha, American bacteriologist. 

Rods: Variable in size, with club- 
shaped ends. Motile, with peritrichous 
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flagella. Spores central, oval, not swell¬ 
ing rods. Gram-positive. 

Gelatin: Rapid, stratiform liquefac¬ 
tion. Reddish-yellow sediment. 

Agar surface colonies (anaerobic): 
Round, flat, white, smooth, opaque. 

Agar slant (anaerobic): Luxuriant, 
white, viscid. 

Broth: Turbid, with flocculent pellicle 
and gray viscous sediment. 

Litmus milk: Acid; slowly coagulated, 
becoming slimy yellow. 

Potato: Thin, brownish, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose. 

Coagulated albumin not recorded. 

Blood serum not liquefled. 

Non-pathogenic. 

Optimum temperature 30°C. Grows 
well between 20®C and 37°C. 

Anaerobic. 

Source: From slimy milk. 

Habitat: Not determined, other than 
this source. 

23. Clostridium cylindrosporum Barker 
and Beck. (Jour. Biol. Chem., Hl^ 1941, 
3.) Named from the characteristic spore 
morphology. 

Rods: 1.0 by 4.0 to 7.0 microns, straight. 
Motile with peritrichous flagella. Spores 
elongate to cylindrical, 1.0 to 1.1 by 1.7 
to 3.0 microns, centra^, subterminal to 
terminal, with little or no swelling of 
rods. Gram-negative. 

Iron-gelatin (Spray): No growth. 

Deep plain agar: No growth. 

Deep uric acid agar colonies: Whitish, 
compact, lobate, 1 to 2 mm in diameter, 
with irregular edges, surrounded by a 
zone of precipitated ammonium ureat'e 
which gradually disappears. 


Plain broth: No growth. 

Glucose broth: No growth. 

Iron-milk (Spray): No growth. 

Indole not recorded (probably nega¬ 
tive). 

Nitrites not recorded (probably nega¬ 
tive). 

Glucose not fermented. 

Carbohydrates not fermented. 

Cellulose not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not digested or black¬ 
ened. 

Pathogenicity not recorded (probably 
non-pathogenic). 

Optimum temperature about 35°C. 

Optimum reaction about pH 7.5; lower 
limit for grow th pH 6.5. 

Anaerobic. 

Distinctive characters: Requires uric 
acid, or certain other purines, as a pri¬ 
mary source of carbon and energy. The 
purines are converted into ammonia, CO 2 , 
acetic acid and a little glycine. This 
organism is physiologically similar to 
Clostridium acidi-uricij but may be 
readily distinguished from the latter by 
its morphology. 

Source: A single strain isolated from 
soil. 

Habitat: Probably soil, although only 
this single isolation is recorded. 

24. Clostridium perfringens (Veillon 
and Zuber) Holland.* Clostridium per¬ 
fringens Type A, Wilsdon. (Bacillus 
aerogenes capsulatus Welch and Nuttall, 
Johns Hopkins Hosp. Bull. 3, 1892, 81 
(Bacillus capsulatus aerogenes Lehmann 
and Neumann, Bakt. Diag., 2 Aufl., £, 
1899, 327); Bacillus phlegmoiies emphy- 
sematosae Fraenkel, Ueber Gasphleg- 


* Because of use of the species name perfringens by the Permanent Standards 
Commission of the Health Organization of the League of Nations (Report of the Per¬ 
manent Commission on Biological Standardization, London, June 1^, 1931), the use of 
this name has been continued although it is preceded by a valid binomial (Bacillus 
emphysemaiosus Kruse). 
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monen, Leipzig, 1893, 47; Badllue 
emphysemaioBiLS Kruse, in Fltlgge, Die 
Mikroorg., 3 Aufl., 1896, 242; Bac¬ 
terium aerogenes capaulatua Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 125; Bacterium emphyaematoeua 
Chester, ibid., 126; Bacillus emphy- 
eematia vaginae Lindenthal, Wien. klin. 
Wchnschr., 19, 1897, 42; Bacillus per- 
fringens Veillon and Zuber, Arch. M4d. 
£xpt. et Anat. Path., 19, 1898, 539; 
Badllue capeulaiue anaerobiue and Ba- 
dUus capsulatua aerogenes Binaghi, Cent, 
f. Bakt., II Abt., 4$ 1898, 920; Granule- 
hadUus saccharohuiyricus immohilis 
liquefadene Schattenfroh and Grass- 
berger, Cent. f. Bakt., II Abt., 5, 1899, 
702 (Granulohacillus immobilis Schatten¬ 
froh and Grassberger, Arch. f. Hyg., 57, 
1900, 68; Badllus amylobacier immobilis 
Gratz and Vas, Cent. f. Bakt., II Abt., 
41 f 1914, 509); Bacterium welchii Migula, 
ibid,, 392; Bacillus welchii Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 5, 1907, 
457; Bacillus butyricus asporogenes im¬ 
mobilis Rocchi, Cent. f. Bakt., I Abt., 
Orig., 99, 1911, 580; probably Bacillus 
multiformis Distaso, Cent. f. Bakt., I 
Abt., Orig., 69, 1911, 101 (Bacteroides 
multiformis Bergey et al., Manual, 1st 
ed., 1923, 263; Cillobacterium multiforme 
Pr4vot, Ann. Inst. Past., 99, 1938, 297; 
not Badllus multiformis van Senus, 
Inaug. Diss., Leiden, 1890, (?), quoted 
from Herfeldt, Cent. f. Bakt., II Abt., 
1, 1895, 117); Bacillus aerogenes-capsu- 
latus Holland, Jour. Bact., 6, 1920, 217; 
Clostridium aerogenes-capsulatum Hol¬ 
land, ibid., 217; Badllus phkgmones- 
emphysematosae Holland, ibid., 219; 
Clostridium phlegmones-emphysematosae 
Holland, ibid., 219; Clostridium phleg- 
mones emphysematosae Holland, ibid., 
222; Clostridium welchii Holland, ibid., 
221; Clostridium perfringens Holland, 
ibid., 219; Welchillus aertf^snes Heller, 
Jour. Bact., 7, 1922, 6; Butyribacillus 
immobilis-liquefadens Heller, ibid., 18; 
Badllus welchii Type A Wilsdon, Univ. 
Cambridge, Inst. Animal Path., 2nd 
Kept, of Dir., 1931, 72; Clostridium 


saccharobutyricum liquefaciens van Bey- 
num and Pette, Cent. f. Bakt., II Abt., 
9S, 1935-36, 205; Welchia perfringens 
Pr4vot, Ann. Inst. Past., 61, 1938, 78.) 
Latinized, very fringed. 

Related varieties: Clostridium egens 
Bergey et al., Manual, 1st ed., 1923, 324 
(Bacillus egens Stoddard, Jour. Exp. 
Med., 99, 1919, 187; Stoddardillus egens 
Heller, Jour. Bact., 7,1922,6; Clostridium 
perfringens var. egens Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 124; Welchia 
perfringens var. egens Pr4vot, Ann. Inst. 
Past., 61, 1938, 78). 

Clostridium perfringens Type B, Wils¬ 
don. (Bacillus of lamb dysentery, Ball¬ 
ing, Jour. Path, and Bact., 98, 1925, 536, 
and ibid., 99, 1926, 316; L. D. Bacillus, 
Balling, Handbook Ann. Congr. Nat. 
Vet. Med. Assoc., Gt. Britain and Ire¬ 
land, 1928, 56; Bacillus welchii Type B, 
Wilsdon, Univ. Cambridge, Inst. Animal 
Path., 2nd Kept, of Dir., 1931, 73; Clos¬ 
tridium welchii (Type agni) Glenny et al., 
Jour. Path, and Bact., 37, 1933, 53; Ba¬ 
cillus agni Weinberg et al., Les Mic. 
Anadr., 1937, 233; Welchia agni Pr4vot, 
Ann. Inst. Past., 61, 1938, 78.) 

Clostridium perfringens Type C, Wils¬ 
don. (Bacillus paludis MeEwen, Jour. 
Compar. Path, and Ther., J3, 1930, 1; 
Bacillus welchii Type C, Wilsdon, Univ. 
Cambridge, Inst. Animal Path., 2nd 
Kept, of Dir., 1931, 73; Welchia agni var. 
paludis Pr4vot, Ann. Inst. Past., 61, 
1938, 78; Welchia paludis Pr^vot, Man. d. 
Class., etc., 1940, 217.) 

Clostridium perfringens Type D, Wils¬ 
don . ( Bacillus welchii Type D, Wilsdon, 

Univ. Cambridge, Inst. Animal Path., 
2nd Rept. of Dir., 1931, 74; Bacillus 
ovitoxicus Bennetts, Austral. Inst. Sci. 
and Indus., Bull. No. 57,1932,5, and Vet. 
Jour., 88, 1932, 250; Welchia agni var. 
ovitoxicus Pr^vot, Ann. Inst. Past., 61, 
1938, 78; Clostridium ovitoxicus Spray, in 
Manual, 5th ed., 1939, 773; Welchia ovi¬ 
toxicus Pr^vot, Man. d. Class., etc., 1940, 
217.) 

Probably related (or possibly identical) 
varieties: Bacille du rhumatisme, 
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Achaime, Compt. rend. Soc. Biol., Paris, 
45, 1891, 651, and Ann. Inst. Past., 11, 
1897, ^8 (Bacille and bacterium 

d’Achalme, Thiroloix, Compt. rend. Soc. 
Biol., Paris, 49, 1897, 268; Bacillus achal- 
mei Neveu-Lemaire, Precis Parasitol. 
Hum., 5th ed., 1921, 24); Bacillus em- 
physemaiis maligni Wicklein, Arch. f. 
Path. Anat. u. Physiol., 1B5, 1891, 91; 
Bacillus cadaveris Sternberg, Researches 
relating to the etiology and prevention 
of yellow fever, Washington, 1891, 212 
{Bacterium cadaveris Migula, Syst. d. 
Bakt., 5,1900, 510; not Bacillus cadaveris 
Klein, Cent. f. Bakt., I Abt., 25, 1899, 
279; not Clostridium cadaveris Sternberg, 
loc. cit., 213; not Bacillus cadaveris 
Migula, loc. cii.^ 646); Bacillus cadaverts 
butyricus Buday, Cent. f. Bakt., I Abt., 
$4, 1898, 374 (Bacillus hudayi and Bac¬ 
terium cadaveris butyricum LeBlaye and 
Guggenheim, Man. Prat, de Diag. Bact., 
1914, 378; Eubacterium cadaveris Pr4vot, 
Ann. Inst. Past., 60, 1938, 295). 

Bacillus zoodysenteriae Weinberg et al., 
Les Mic. Anadr., 1937, 256 (Bacillus 
zoodysenteriae hungaricus Detre, Cent. f. 
Bakt., I Abt., Orig., 104, 1927 , 251; 
Welchia perfringens var. zoodysenteriae 
Pr4vot, Ann. Inst. Past., 61, 1938, 78). 

Clostridium perfringens var. anaero- 
genes Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 122 (Unnamed species of 
Grootten, Compt. rend. Soc. Biol., Paris, 
100, 1929, 499). 

Rods: Short, thick, 1.0 to 1.5 by 4.0 to 
8.0 microns, occurring singly and in pairs, 
less frequently in short chains. Non- 
motile. Spores oval, central to excentric, 
not swelling rods. Encapsulated. Gram¬ 
positive. 

Gelatin: Liquefied and blackened. 

Agar surface colonies (anaerobic): 
Circular, moist, slightly raised, opaque 
center, entire. 

Broth: Turbid; peptolytic. Clearing 
with viscid sediment. 

Litmus milk: Acid, coagulated. Clot 
torn with profuse gas formation, but not 
digested. 


Potato: Thin, grayish-white streak; 
gas in subtended liquid. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, maltose, lactose, 
sucrose, xylose, trehalose, raffinose, 
starch, glycogSn and inositol. Mannitol 
not fermented. Salicin rarely fer¬ 
mented. Action on inulin and glycerol 
variable. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Egg-meat: Profuse gas production in 8 
hours. The meat is reddened and the 
liquid becomes turbid. No digestion. 

Pathogenic for guinea pig, pigeon and 
mouse. Produces an exotoxin for which 
an antitoxin can be prepared. 

Optimum temperature 35^C to 37^C. 
Can grow at 50®C. 

Anaerobic. 

Distinctive characters: Stormy fer¬ 
mentation of milk, combined with non¬ 
motility. 

Source: Gaseous gangrene, feces, milk 
and soil. 

Habitat: Widely distributed in feces, 
sewage and soil. 

25. Clostridium sphenoides (Bulloch 
et al.) Bergey et al. (Bacillus sphenoides 
Bulloch, Bulloch, Douglas, Henry, 
McIntosh, O’Brien, Robertson and Wolf, 
Med. Res. Counc., Spec. Rept. Ser. No. 
39, 1919, 43; Douglasillus sphenoides 
Heller, Jour. Bact., 7, 1922, 5; Bergey 
et al.. Manual, 1st ed., 1923, 331; Plectri- 
dium sphenoides Prdvot, Ann. Inst. Past., 
61, 1938, 88.) From Greek, wedge- 
shaped. 

Described from Bulloch et al., foe. 
cit., as amplified by Hall, Jour. Inf. Dis.. 
SO, 1922,502. 

Rods: Small, fusiform in vegetative 
state, occurring singly, in pairs and occa¬ 
sionally in short chains. Sporulating 
cells cuneate. Motile. Spores spheri¬ 
cal, subterminal, becoming terminal on 
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maturation, swelling rods. Gram-posi¬ 
tive only in young cultures. 

Gelatin: Not liquefied. 

Agar surface colonies (anaerobic): 
Circular, or slightly irregular, entire. 

Blood agar surface colonies (anaerobic): 
Minute dew-drops, becoming whitish, 
opaque. Blood is hemolyzed. 

Deep agar colonies: Minute, opaque, 
smooth disks. 

Broth: Turbid. 

Litmus milk: Acid; slowly and softly 
coagulated. Clot not digested. 

Indole not formed (indole formed by 
Tholby strain, Stanley and Spray, Jour. 
Bact., 41, 1941, 256). 

Nitrites produced from nitrates. 

Acid and gas from glucose, galactose, 
maltose, lactose and salicin. Inulin, 
glycerol and dulcitol not fermented. 
Strains are apparently variable on manni¬ 
tol, sucrose, dextrin and starch. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature not determined. 
Grows well at 30®C to 37®C. 

Anaerobic. 

Source: From gangrenous war wounds. 

Habitat: Not determined, other than 
this source. 

26. Clostridium innomlnatum Pr^vot. 
(Bacillus E, Adamson, Jour. Path, and 
Bact., FiJ, 1918-19, 391; Pr4vot, Ann. 
Inst. Past., df, 1938, 85.) From Latin, 
remaining unnamed. 

Rods: Very small, thick, tapering at 
one or both ends, occurring singly, paired, 
in chains and filaments. Involution 
forms abundant on glucose agar. Motile. 
Spores small, spherical, subterminal, 
swelling rods. Gram-positive, quickly 
becoming Gram-negative. 

Gelatin: Not liquefied. 

Glucose agar surface colonies (anaero¬ 
bic) : Two forms are produced: 1) Circu¬ 


lar, entire edge, opaque; 2) Diffuse, 
spreading, irregular and translucent. 

Plain agar surface colonies (anaerobic): 
Small, circular, entire edge, whitish- 
translucent, becoming opaque-yellowish 
with age. 

Plain broth: Moderate turbidity, clear¬ 
ing by sedimentation in 3 to 4 days. 

Glucose broth: More abundant tur¬ 
bidity and slight gas production. 

Milk: Slowly acidified but not clotted. 
No further change. 

Glucose, maltose, lactose and mannitol 
fermented with acid and gas. 

Sucrose not fermented. 

Coagulated albumin: Not digested or 
blackened. 

Meat medium: Not ^digested or black¬ 
ened. 

Blood serum: Not digested or black¬ 
ened. 

Brain medium: Not digested or black¬ 
ened. 

Non-pathogenic (Prdvot, loc. cit.). 

Grows well at 37®C. 

Anaerobic. 

Source: From septic and gangrenous 
war wounds. 

Habitat: Not determined, other than 
this source. 

27. Clostridium flliforme Bergey et al. 
{Bacillus regularis filiformis Debono, 
Cent. f. Bakt., I Abt., Orig., SIS, 1912, 
234; Bergey et al.. Manual, Ist ed., 1923, 
331.) From Latin, thread-like. 

Rods: 0.5 to 0.8 by 3.0 to 5.0 microns, 
slender, occurring singly, in pairs, in 
chains and filaments. Non-motile. 
Spores very small, spherical, subterminal, 
or occasionally terminal, not swelling 
rods. Gram-positive. 

Gelatin: Not liquefied. 

Deep gelatin colonies: Small, gray, 
filamentous. 

Deep agar colonies: Irregular, gray, 
translucent, filamentous. 

Broth: Uniform turbidity. 

Litmus milk: Acid, but no further 
change. 
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Potato: Gray, filamentous; substance 
not digested. 

Acid and gas from glucose and lactose. 
Acid only from sucrose and dulcitoh 
Starch not fermented. 

Coagulated albumin not liquefied. 

Grows in gelatin at 22^0. 

Anaerobic. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

28. Clostridium sartagofonnum Partan- 
sky and Henry. (Jour. Bact., SO, 1935, 
570.) From Latin, shaped like a fry¬ 
ing-pan. 

Rods: 0.3 to 0.5 by 3.5 to 6.0 microns. 
Slender, curved, with rounded ends, oc¬ 
curring singly. Motile. Spores oval, 
terminal, swelling rods. Gram-positive. 

Gelatin: Not liquefied. 

Agar surface colonies (anaerobic): 
Convex, discrete, circular, transparent to 
w'hite and opaque. Surface moist and 
smooth. 

Blood agar not hemolyzed. 

Deep agar colonies: Regular, lenticular, 
smooth. 

Broth: Clear; no growth. 

Glucose broth: Turbid, with gas bub¬ 
bles. 

Litmus milk: Acid; slowly coagulated, 
with some gas formation. Clot not di¬ 
gested. 

Potato: Very scant growth. No gas in 
surrounding liquid. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid and gas from xylose, glucose, fruc¬ 
tose, galactose, sucrose, lactose, maltose, 
raffinose, inulin, salicin, mannitol, ace¬ 
tate and butyrate. Starch, ethanol, glyc¬ 
erol and dulcitol not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. Scant 
growth. 

Brain medium not blackened or di¬ 
gested. Some gas is formed. 

Optimum temperature 37^C. 

Anaerobic. 

Distinctive character: Ferments sulfite 


waste liquor in 40 per cent concentration, 
forming butyric and acetic acids, Hs 
and CO 2 . 

Source: From garden soil and from 
stream and lake mud. 

Habitat: Not recorded; obviously soil. 
Distribution undetermined. 

• 

29. Clostridium paraputrificum (Bien- 
stock) Snyder. (Art V, Bienstock, 
Fortschr. d. Med., I, 1883, 612; Bacillus 
diapthirus Trevisan, I generi e le specie 
delle Batteriacee, 1889,15; Bacillus para- 
putrificus Bienstock, Ann. Inst. Past., 
SO, 1906,413, and Strassburger Med. Zeit., 
S, 1906, 111; Bacillus paraputrificus coli 
Henry, Brit. Med. Jour., 1, 1917, 763; 
Tissierillus paraputrificus Heller, Jour. 
Bact., 7, 1922, 27; Snyder, Jour. Bact., 
SS, 1936,401; Plectridium paraputrificum 
Pr^vot, Man. d. Class., etc., 1940, 160.) 
From Latin, also putrefying. 

Probable synonyms: Kopfchenbak- 
terien, Escherich, Fortschr. d. Med., B, 
1885,515; Bacillus No. 3, Rodella, Ztschr. 
f. Hyg., S9, 1902,209 {Plectridium fluxum 
Pr^vot, Ann. Inst. Past., 61, 1938, 87); 
Art XI, Hibler, Cent. f. Bakt., I Abt., 
25, 1899,516 (Art IX, Hibler, Untersuch. 
u. d. Path. Anaer., 1908, 3 and 407; 
Plectridium nonum Pr^vot, Ann. Inst. 
Past., 61, 1938,88); Anaerobe b, Dalyell, 
Jour. Path, and Bact., 19, 1914-15, 281; 
Bacillus innutritus Kleinschmidt, Mo- 
natschr. f. Kinderheilkunde, 62, 1934, 18 
{Palmula innulrita Prevot, Ann. Inst. 
Past., 61, 1938, 89; Acuformis innutritus 
Pr<5vot, Man. d. Class., etc., 1940, 165). 

Described from Hall and Snyder, Jour. 
Bact., 28, 1934, 181. 

Rods: 0.3 to 0.5 by 2.0 to 6.0 microns. 
Straight or slightly curved, single, in 
pairs, or in short chains. Ends rounded. 
Motile with peritrichous fiagella. Spores 
oval, terminal, swelling rods. Gram¬ 
positive. 

Gelatin: Not liquefied. Gas is formed. 
Blood agar surface colonies (anaerobic): 
Delicate, irregular, round-topped dew- 
drops. Non-hemolytic. 
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Deep agar oolonies: Small, irregular, 
opaque, dense, cottony masses. Gas is 
formed. 

Broth: Diffuse turbidity. 

Milk: Usually coagulated in from 6 to 
10 days. Abundant gas, but no peptoni¬ 
zation. 

Indole is not formed. 

Acid and gas from glucose, fructose, 
galactose, maltose, lactose, sucrose, raffi- 
nose, dextrin, soluble starch, amygdalin 
and salicin. Xylose, inulin, mannitol 
and glycerol not fermented. 

Goagulated albumin not liquefied. 

Blood serum not liquefied or discolored. 

Brain medium not blackened or di¬ 
gested. Non-proteolytic. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows well at 37®C. 

Anaerobic. 

Source: Feces, gaseous gangrene, and 
postmortem fluid and tissue cultures. 

Habitat: Undetermined, other than 
these sources. Evidently occurs com¬ 
monly in intestinal canal of human beings. 

30. Clostridium cochlearium (Bulloch 
et al.) Beigey et al. (Bacillus Type IIIc, 
McIntosh, Med. Res. Counc., Spec. Kept. 
Ser. No. 12,1917,20; Bacillus cochlearius 
Bulloch, Bulloch, Douglas, Henry, McIn¬ 
tosh, O’Brien, Robertson and Wolf, Med. 
Res. Counc., Spec. Rept. Ser. No. 39,1919, 
40; Flemingillua cochlearius HeWeT^ Jour. 
Bact., 7, 1922, 6; Bergey et al., Manual, 
Ist ed., 1923, 333; Pleciridium cochlear¬ 
ium Pr4vot, Ann. Inst. Past., 61, 1938, 
88; PUdridium incerium Pr4vot, idem.) 
From Latin, spoon-shaped. 

Rods: Slender, straight, occurring 
chiefly singly, or infrequently in pairs and 
in short chiuns. Motile with peritrichous 
flagdla. Spores oval, terminal, swelling 
rods. Weakly Gram-positive. 

Gelatin: Not liquefi^. 

Agar surface colonies (anaerobic): 
Circular, clear, entire, or with crenated 

Deep agar oolonies: Lenticular, entire. 

Broth: Turbid. 


Litmus milk: Unchanged. 

Glucose not fermented. 

Carbohydrates not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Meat medium: Slightly reddened. Not 
blackened or digested. Little gas of non- 
putrefactive odor. 

Non-pathogenic. 

Optimum temperature 30®C to 36®C. 

Anaerobic. 

Source: From human war wounds and 
septic infections. 

Habitat: Not determined, other than 
these sources. Probably occurs in soil. 

31. Clostridium kluyveri Barker and 
Taha. (Jour. Bact., 4S, 1942, 347.) 
Named for A. J. Kluyver, in whose labora¬ 
tory the organism was discovered. 

Rods: 0.9 to 1.1 by 3.0 to 11.0 microns. 
Straight to slightly curved; usually sin¬ 
gle, but also paired and occasionally in 
long chains. Motile with peritrichous 
flagella. Spores oval, terminal, swelling 
rods. Generally Gram-negative; some 
strains weakly Gram-positive when 
young. 

Iron-gelatin (Spray); No growth. 

Surface agar colonies (anaerobic): 
Growth slow and restricted by residual 
traces of oxygen. Rough and smooth 
colonies are produced. 

Deep agar colonies (yeast autolysate 
and C2H60H): Small colonies (1 to 3 
mm) after 2 to 3 days; two types are 
formed: a) fluffy spheres with dense 
nuclear center and filamentous periphery; 
b) compact, lenticular colonies. Little 
gas is formed. 

Plain broth: No growth. 

Glucose broth: No growth. 

Milk or iron-milk (Spray): No grou th. 

Indole not recorded (probably nega¬ 
tive). 

Nitrites not recorded (probably nega¬ 
tive). 

Glucose not fermented. 

Carbohydrates not fermented. 
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Cellulose not fennented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not digested or black¬ 
ened. 

Probably non-pathogenic. 

Optimum temperature about 34®C. 
Grows between 19®C and 37®C. 

Optimum reaction about pH 6.8. 
Range for growth pH 6.0 to 7.5. 

Anaerobic. 

Distinctive characters; Large size of 
cells, and slow growth, accompanied by 
non-putrefactive odor of caproic acid and 
of higher alcohols. Growth is exception¬ 
ally favored by synergistic association 
with Methanohacterium omelianskii. In 
pure culture a high concentration of yeast 
autolysate is required. Caproic acid is 
formed from ethyl alcohol. 

Source: From black mud of fresh water 
and marine origin. 

Habitat: Not determined, other than 
these sources. Evidently widely dis¬ 
persed in nature. 

32. Clostridium acidiurici (Liebert) 
Barker. {Bacillus acidi urici Liebert, 
Koninkl. Akad. v. Wetensch., Proc. 
Sect. Sci., Amsterdam, 12^ 1909, 55; 
Barker, Jour. Bact., 35, 1938, 323.) 
Named from its characteristic ability to 
ferment uric acid. 

Rods: 0.5 to 0.7 by 2,5 to 4.0 microns; 
straight. Motile with peritrichous fla¬ 
gella. Spores oval, terminal, swelling 
rods. Most strains Gram-negative. A 
few strains weakly Gram-positive, 
quickly becoming Gram-negative. 

Iron-gelatin (Spray): No growth. 

Deep plain agar: No growth. 

Deep uric acid agar colonies: Whitish, 
compact, lobate, 1 to 2 mm in diameter, 
with irregular edge; surrounded by a 
temporary zone of precipitated am¬ 
monium ureate which gradually disap¬ 
pears. 

Surface uric acid agar colonies (anaero¬ 
bic): Variable with strain and with 
moisture of medium. Colonies 1 to 2 
mm in diameter, opaque, white, raised, 


round, smooth edge, with concentric aur- 
face markings, and of rubbery conaist- 
eucy. Other colonies may be very thin, 
soft, transparent, with fimbriate projec¬ 
tions, spreading to cover almost the entire 
plate. Intermediate colony types also 
observed. 

Plain broth r No growth. 

Glucose broth: No growth. 

Iron-rr *’ (Spray): No growth. 

iti ) recorded (probably nega¬ 

tive 

Nitrites not recorded (probably nega¬ 
tive). 

Glucose not fermented. 

Carbohydrates not fennented. 

Cellulose not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not digested or black¬ 
ened. 

Probably non-pathogenic. 

Optimum temperature about 35*C. 

Optimum reaction about pH 7.5; lower 
limit for growth about pH 6.5. 

Anaerobic. 

Distinctive characters : Requires uric 
acid, or certain other purines, as a 
primary source of carbon and enetgy. 
The purines are converted mainly into 
ammonia, COt and acetic acid. During 
growth the medium tends to become alka¬ 
line (pH 8.0 to 8.5); there is no visible 
evolution of gas. 

Source: From soils of diverse origin. 

Habitat: Evidently widely dispersed 
in soils. Present in fecal material of 
yellow-shafted flicker {Colaptes auralus), 

33. Clostridium capitovale (Snyder and 
Hall) Snyder. (Bacillus capiiovdlis Sny¬ 

der and Hall, Cent. f. Bakt., I Abt., 
Grig., 1S5, 1935, 290; Clostridium capi* 
tovalis Snyder, Jour. Bact., 3F, 1936,401; 
Plectridium capitovalis Prdvot, Ann, 
Inst. Past., 61, 1938, 87.) From Latin, 
oval-headed. 

Rods: 0.5 to 0.8 by 2.0 to 2.5 microns. 
Slender, commonly curved, with rounded 
ends, occurring singly, in pairs, and rarely 
in short chains. Motile with long peri- 
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triohous flagella. Spores oval, terminal, 
swelling rods. Gram-positive. 

Gelatin: Liquefied. 

Blood agar surface colonies (anaerobic): 
Tiny, transparent, round or irregular 
dew-drops, becoming opaque. Non-he- 
molytic. 

Deep agar colonies: Small, opaque, 
lenticular to heart-shaped. 

Tryptone broth: Turbid. Gas is 
formed. 

Milk ‘.Often, but not invariably, clotted. 
Acid is formed. Clot, when formed, is 
not digested. 

Indole not formed. 

Nitrites not produced from nitrates. 
Acid and gas from glucose, fructose and 
galactose. Maltose, lactose, sucrose, raf- 
finose, xylose, inulin, dextrin, starch, 
cellulose, amygdalin, salicin, mannitol 
and glycerol not fermented. 

Coagulated albumin liquefied. 

Blood serum slowly softened and par¬ 
tially liquefied. Not blackened. Mildly 
proteolytic. 

Brain medium is blackened; slightly 
softened, but not conspicuously liquefied. 

Pathogenicity: Guinea pig may show 
slight subcutaneous edema; usually no 
effect. Non-pathogenic for rabbit. 
Grows at 37®C. 

Anaerobic. 

Source: Human feces, gaseous gangrene 
und septicemia. 

Habitat: Not determined, other than 
these sources. 

34. Clostridium parabifermentans 

comb, nov. {Bacillvs parabifermentans 
sporogenes de Gasperi, Compt. rend. Soc. 
Biol., Paris, dr, 1909,402.) From Greek, 
para, near, and Latin, bis, twice, and 
fermenium, a ferment. 

Rods: 0.6 to 0.7 by 4.0 to 5.0 microns, 
occurring singly, in pairs and in chains of 
3 to 6 cells. Motile. Spores oval, ter¬ 
minal, swelling rods. Gram-positive. 

Glucose gelatin: Rapid growth with 
liquefaction. 

Deep glucose agar colonies: Lenticular, 
regular, opaque, whitish. Agar dis¬ 


rupted by considerable gas of putrefactive 
odor. • 

Glucose broth: Abundant growth with 
uniform turbidity and with viscous sedi¬ 
ment. 

Milk: Acidified but not coagulated. 
Casein slowly precipitated with slow, but 
complete, digestion. 

Indole formed in trace. 

Glucose, lactose and sucrose fermented 
to acids. (Gas not recorded.) Starch is 
not fermented. 

Coagulated albumin actively liquefied. 
Non-pathogenic for mouse. 

Grows between 22®C and 37®C. 
Anaerobic. 

Source: From putrefying game (pheas¬ 
ant and guinea-fowl). 

Habitat: Undetermined, other than 
this source. 

35. Clostridium ovalare Bergey et al. 
{Bacillus puirificus ovalaris Debono, 
Cent. f. Bakt., I Abt., Orig., 5;^, 1912, 
231; Bergey et al.. Manual, 1st ed., 1923, 
336; Plectridium ovalaris Prdvot, Ann. 
Inst. Past., 61, 1938, 88.) From Latin, 
oval. 

Rods: 0.3 to 0.4 by 6.0 to 8.0 microns, 
straight or curving, ends rounded, occur¬ 
ring singly, in pairs and in short chains. 
Motile. Spores oval, terminal, swelling 
rods. Gram-positive. 

Gelatin: Rapidly liquefied. 

Deep glucose agar colonies: Small, 
globular, entire, becoming brownish. 
Scant gas is formed. 

Broth: Turbid. 

Litmus milk: Acid, peptonized without 
coagulation. 

Indole not formed. 

Acid and scant gas from glucose and 
lactose. Acid only from sucrose. Dulci- 
tol not fermented. 

Coagulated albumin rendered transpar¬ 
ent, then slowly peptonized, with a 
putrefactive odor. 

Grows at *22®C and at 37®C. 

Anaerobic. 

Source: Originally from putrid meat, 
later from feces. 
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Habitat: Not determined, other than 
these sources. 

36. Clostridium zoogleicum Bergey et 
al. (Bacillus sporogenes zoogleicus Dis- 
taso, Cent. f. Bakt., I Abt., Orig., SO, 
1911, 99; Bergey et al., Manual, let ed., 
1923, 335.) From Greek, zoogleal. 

Rods: Fairly long, occurring singly, in 
pairs and in short chains. Motile. 
Spores large, oval, terminal, swelling 
rods. Gram-positive. 

Gelatin: Growth and liquefaction not 
recorded. 

Deep agar colonies: Small, gray, 
slightly opaque, becoming heart-shaped. 
Gas is not formed. 

Broth; Turbid, then clearing with 
zoogleal sediment. 

Litmus milk: Slowly coagulated, then 
digested. Litmus reduced. 

Indole is formed in trace. 

Acid but no gas from glucose. Lactose 
and sucrose not fermented. 

Coagulated albumin liquefied, leaving a 
clear fluid and zoogleal sediment. 

Grows at 37°C. 

Anaerobic. 

Source: From human feces. 

Habitat: Undetermined, other than 
this source. 

37. Clostridium thermosaccharolyticum 
McClung. (Jour. Bact., ^9, 1935, 200; 
Terminosporas ihirmosaccharolyiicus 
Pr4vot, Ann. Inst. Past, di, 1938, 86.) 
From Greek, heat, and sugar-digesting. 

Rods: 0.4 to 0.7 by 3.5 to 7.5 microns, 
slender, granulated, occurring singly and 
in pairs, not in chains. Motile with peri- 
trichous flagella. Spores spherical, ter¬ 
minal , swelling rods. Gram-negat ive. 

Gelatin: Not liquefied. 

Pea-infusion agar surface colonies 
(anaerobic): Granular, grayish-white, 
raised center, with feathery edges. 

Deep glucose-tryptone agar colonies: 
Small, lenticular, smooth. 

Liver-infusion broth over liver meat: 
Turbidity and gas. 

Litmus milk: Litmus reduced. Acid 


and slow but firm coagulation; coagulum 
split with gas. Clot not digested. 

Indole not formed. 

Nitrites not produced from nitrates. 
Cellulose not fermented. 

Acid and gas from arabinose, fructose, 
galactose, glucose, mannose, xylose, cello- 
biose, lactose; maltose, sucrose, trehalose, 
dextrin, glycogen, corn-starch, amygda- 
lin, esculin, a-methyl ^ucoside and 
salicin. Raffinose weakly fermented. 
Rhamnose, inulin, pectin, erythritol, 
inositol, mannitol, glycerol, quercitol and 
Ca-lactate not fermented. 

Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Meat-medium not blackened or di¬ 
gested. 

Non-pathogenic on feeding to white 
rat, or by injection into rabbit. 

Optimum temperature 55®C to 62*C. 
Thermophilic. 

Anaerobic. 

Source: From hard-swell of canned 
goods, and from soil. 

Habitat: Not determined, other than 
these sources. 

38. Clostridium caloritolerans Meyer 
and Lang. (Jour. Inf. Dis., 59,1926,321; 
Plectridium caloritolerans Pr4vot, Ann. 
Inst. Past., 91, 1938, 87.) From Latin, 
heat-enduring. 

Rods: 0.5 to 0.8 by 8.0 to 10.0 microns, 
with rounded ends, occurring singly, in 
pairs, in chains and in curved filaments. 
Motile with peritrichous flagella. Spores 
spherical or pear-shaped, terminal, swell¬ 
ing rods. Gram-positive. 

Gelatin: Not liquefied. 

Glucose blood agar surface colonies 
(anaerobic): Small, flat, grayish, rhizoi- 
dal. Non -hemolytic. 

Deep liver agar colonies: Small, flat, 
transparent disks with laige polar tufts. 
Some colonies become fluffy. 

Broth: Slight turbidity. 

Glucose broth: Abundant turbidity, 
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with clearing by sedimentation. Gas is 
formed. 

Brom cresol purple milk: No change. 

Indole not formed. 

Acid and gas from glucose, galactose 
and maltose. Fructose feebly fer¬ 
mented. Lactose, sucrose, raffinose, inu- 
lin, salicin, mannitol, inositol and glyc¬ 
erol not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Beef-heart mash medium: Reddened*; 
not blackened or digested. 

Non-pathogenic for mouse, guinea pig 
and rabbit. 

Optimum temperature not determined. 
Grows at 37®C. 

Anaerobic. 

Source: From an old culture of Clos¬ 
tridium parabotulinum Type A. 

Habitat: Not determined, other than 
this single isolation. 

39. Clostridium tetanbldes (Adamson) 
Hauduroy et al. (Unnamed anaerobe, 
Adamson and Cutler, Lancet, i, 1917,688; 
Bacillus tetanoides (A) Adamson, Jour. 
Path, and Bact., Sf, 191S-19, 382; Hau¬ 
duroy et al., Diet. d. Bact. Path., 1937, 
140; Palmula macrospora Pr4vot, Ann. 
Inst. Past., 61y 1938, 88; Acuformis ma- 
crosparus Pr4vot, Man. d. Class,, etc , 
1940, 166.) From Latin, tetanus-like. 

Rods: 1.0 to 2.0 by 4.0 to 12.0 microns 
(averaging 1.0 to 1.5 by 6.0 to 7.0 mi¬ 
crons), with rounded to slightly tapered 
ends, occurring singly, in pairs and in 
chains of 3 to 5 cells, but not in filaments. 
Motile only in young cultures. Spores 
large, spherical, terminal, swelling rods. 
Gram-positive in young cultures, soon 
becoming Gram-negative. 

Gelatin: Not liquefied. 

Glucose agar surface colonies (anaero¬ 
bic): Circular, regular, opaque, bluish- 
gray, moist, shining, thick, raised. 
Surface flat, becoming conical in center 
with age. On moist medium showing 


radiating, dendritic branching. Growth 
becomes tenacious-mucoid. 

Plain agar surface colonies (anaerobic): 
Confluent, becoming an opaque film. 
Isolated colonies circular to slightly ir¬ 
regular. Dendritic branching and mu¬ 
coid tendency less evident than on glucose 
agar. 

Glucose agar stab: Thick growth along 
stab, starting 0.5 cm below surface. 
No gas or splitting of medium. 

Neutral-red glucose agar: Reduced to 
orange by transmitted, and greenish- 
fluorescent by reflected light. 

Plain broth: Early slight turbidity, 
with clearing and mucoid sedimentation. 

Glucose broth: Abundant turbidity and 
profuse mucoid sediment. 

Milk: Slight and slowly increasing alka¬ 
linity, with slow separation of casein. 
No further change. 

Indole: Trace formed in broth. 

Glucose and maltose fermented with 
acid but no gas. Lactose, sucrose, manni¬ 
tol, starch and cellulose not fermented. 

Coagulated albumin: Not digested or 
blackened. 

Meat medium: Not digested or black¬ 
ened. 

Blood serum: Not digested or black¬ 
ened. 

Brain medium: Not digested or black¬ 
ened. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature not recorded. 
Grows well at 37®C. 

Anaerobic. 

Source: From war wounds, from post¬ 
mortem blood culture, and from garden 
soil. 

Habitat: Not determined, other than 
these sources. 

40. Clostridium tetani (Fltigge) Hol¬ 
land. (Tetanusbacillen and Tetanuser- 
reger, Nicolaier, Deuts. Med. Wchnschr., 
10, 1884,843; Bacillus tetani Fltigge, Die 
Mikroorg., 2 Aufl., 1886, 274; Pacinic 
nicolaieri Trevisan, I generi e le specit 
delle Batteriacee, 1889, 23; Pleetridium 
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teiani Fischer, Jahrb. f. Wissensch. 
Botanik, £7, 1895, (147?); Holland, Jour. 
Bact., J, 1920, 220; Nicollaierillua teiani 
Heller, Jour. Bact., 7, 1922, 7.) From 
tetanue, lockjaw. 

Rods: 0.4 to 0.6 by 4.0 to 8.0 microns, 
rounded ends, occurring singly, in pairs, 
and often in long chains and filaments. 
Motile with peritrichous flagella. Spores 
spherical, terminal, swelling rods. 
Gram-positive. 

Gelatin: Slowly liquefied and black¬ 
ened. 

Serum agar surface colonies (anaero¬ 
bic) : Small, transparent, villous to fim¬ 
briate margin. 

Blood agar is hemolyzed. 

Deep agar colonies: Fluffy, cottony 
spheres, usually* without visible central 
nucleus. 

Broth: Slightly turbid. Gas is formed. 
Some strains clear quickly by sedimen¬ 
tation. 

Litmus milk: Slow precipitation of 
casein, or soft clotting. Clot slowly 
softened, but not definitely digested. 
Little gas is formed. 

Indole is formed. 

Nitrites not produced from nitrates. 

Glucose not fermented. 

Carbohydrates not fermented. 

0)agulated albumin slowly liquefied. 

Blood serum slowly softened, with 
feeble digestion. 

Brain medium blackened and slowly 
digested. Not actively proteolytic. 

Pathogenic and toxic. Forms a potent 
exotoxin for which an antitoxin is pre¬ 
pared. Toxin intensely toxic on injec¬ 
tion but not on feeding. 

Optimum temperature 37^C. 

Anaerobic. 

Source: Originally isolated from ani¬ 
mals inoculated with garden soil extract. 
Frequently isolated from wounds in hu¬ 
man tetanus. 

Habitat: Common in soils, and in hu¬ 
man and horse intestine and feces. 

41. Clostridium lentoputrescens Hart- 
sell and Rettger. (Bacilltis der Eiweiss- 
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fkulniss, Bienstock, Fortschr. d. Med., If 
1883, 614 (Art IV, Bienstock, ibid., 612; 
Eiweissbacillus, Bienstock, Ztschr. f. 
klin. Med., 8, 1884, 38); BaetUue albu- 
minis Schroeter, in Cohn’s Kryptogamen- 
Flora von Schlesien, 5, 1, 1886, 162; 
Bacillus puifificus coli Flllgge, Die 
Mikroorg., 2. Aufl., 1886, 303; Pacinia 
puirifica Trevisan, I generi e le specie 
delle Batteriacee, 1889, 23; Bacillus 
putrificus Bienstock, Ann. Inst. Past. 
1$, 1899, 861; Bacillus hutyricus puire- 
faciens Rodella, Ann. Inst. Past., 19 
1905, 804; Putribacillus vulgaris Orla- 
Jensen, Cent. f. Bakt., II Abt., H, 1909, 
343; Clostridium putrificum Holland, 
Jour. Bact., 5, 1^, 220; Putrificus 
bienstocki Heller, Jour. Bact., 7, 1922, 
8; Bacillus putrificus (coli) Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 8, 1927, 
661; Hartsell and Rettger, Jour. Bact., 
87, 1934, 39 and 497; Plectridium putrifi¬ 
cum and Plectridium putrificum var. 
lerUoputrescens Pr4vot, Ann. Inst. Past., 
61, 1938, 88.) From Latin, slowly made 
putrid. 

Probable synonyms: Bacillus radiatus 
Luderitz, Ztschr. f. Hyg., 5, 1889, 149 
(Cornilia radiata Trevisan, loc. cit,, 22; 
Bacillus radiatus anaerobius Hopffe, 
Ztschr. f. Infkmkh. u. Hyg. Haust., 14» 
1913, 392); Bacillus cadaveris sporogenes 
(anaerobicus) Klein, Cent. f. Bakt., I 
Abt., 85, 1899, 279 (Bacillus cadaveris 
Klein, idem\ not Bacillus cadaveris 
Sternberg, Researches relating to the 
etiology and prevention of yellow fever, 
Washington, 1891, 212; not Bacillus 
cadaveris Migula, Syst. d. Bakt., 8,1900, 
646; Bacillus cadaveris sporogenes Klein, 
foe. ciL, 284; Plectridium cadaveris Prd- 
vot, Ann. Inst. Past., 61, 1938, 88); Art 
XIV, von Hibler, Untersuch. fl. d. Path. 
Anaer., 1908, 3 and 413; Bacillus tetan- 
oides (B) Adamson, Jour. Bact. and 
Path., 88, 1918-19, 388. 

Hartsell and Rettger, foe. ctf., conclude 
that their organism differs very ma¬ 
terially either from Clostridium cochlear- 
ium or from Bacillus putrificus, as 
described by Cunningham, Jour. Bact., 
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$ 4 $ 1982|,61| and| m it cannot be definitely 
r^ted to any other anaerobic species 
(including the Eiweissbacillus, Bien- 
stock, loe, cit., Bacillus putrificus coli 
FlUgge, loe, ciL, Bacillus putri^us Bien- 
stock, loe. cit,, etc.), they propose the 
name of Clostridium lenioputreseens for 
this species. 

Rods: 0.4 to 0.6 by 7.0 to 9.0 microns, 
with rounded ends, occurring singly, in 
pairs and in chains. Motile with peri- 
trichous flagella. Spores spherical, ter¬ 
minal, swelling rods. Weakly Gram¬ 
positive, becoming Gram-negative. 

Gelatin: Liquefied. 

Agar surface colonies (anaerobic): 
Small, circular, fiat, edge crenated 
to filamentous spreading. Develop a 
ground-glass appearance. 

Deep agar colonies: Fluffy spheres with 
fibrils radiating from a central nucleus. 

Blood agar is hemolyzed. 

Litmus milk: Slow, soft coagulation 
or fiocculent precipitation. Casein is 
slowly digested. 

In^le is formed (Hall, Jour. Inf. Dis., 
80, 1922,141). Not formed (Hartsell and 
Rettger, foe. cit., 609). 

Nitrites not produced from nitrates. 

Hydrogen sulfide formed in egg-meat 
medium. 

Carbohydrates not fermented. Glu¬ 
cose slightly attacked without distinct 
acid (Hartsell and Rettger, loc. cit., 508). 

Coagulated albumin slowly liquefied 
and blackened. 

Blood serum is liquefied. Gas is 
formed. 

Brain medium slowly blackened and 
digested. 

Egg-meat medium: Slightly turbid 
liquid. Meat reddened in 7 to 10 days, 
then digested with a foul odor. 

, Non-pathogenic for white mouse, 
guinea pig and rabbit. Filtrate non-toxic 
on injection or feeding. 

Grows well at 37®C. 

Anaerobic. 

Source: From putrefying meat. 

Habitat: Intestinal canal of hiunan. 
Widely dfagieraad in soU. 


42. Clostridium fllamentosum Bergey 
et al. (Bacillus putrificus filamentosus 
Distaso, Cent. f. Bakt., I Abt., Orig., 69, 
1911, 98; Bexgey et al.. Manual, 1st ed., 
1923, 333; Palmula filamentosa Pr^vot, 
Ann. Inst. Past., 61, 1938, 88; Acuformis 
filamentosus Pr^vot, Man. d. Class., etc., 
1940, 165.) From Latin, filamentous. 

Rods: Slender, occurring singly, in 
pairs and in chains. Motile. Spores 
spherical, or nearly so, terminal, swelling 
rods. Gram-positive. 

Gelatin: Liquefied. 

Deep glucose agar colonies: Delicate, 
cottony flocculi. Only a trace of gas 
formed. 

Broth: Turbid. 

Litmus milk: May or may not coagulate 
and digest slowly (variable). 

Indole formed in scarcely detectable 
trace. Odor of scatol. 

Glucose is feebly fermented, with little 
gas. Lactose and sucrose not fermented. 

Ck>agulated albumin: Rendered trans¬ 
parent, then slowly liquefied. 

Grows well at 37®C. 

Anaerobic. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

43. Clostridium tetanomorphum (Bul¬ 
loch et al.) Bergey et al. (Bacillus 
pseudo-tetanus, Type No. IX,—Tetanus¬ 
like Bacillus (Pseudotetanus Bacillus), 
McIntosh and Fildes, Med. Res. Counc., 
Spec. Kept. Ser. No. 12, 1917, 11 and 
32; Bacillus tetanomorphus Bulloch et 
al., Med. Res. Counc., Spec. Rept. Ser. 
No. 39, 1919, 41; Macintoshillus tetano» 
morphus Heller, Jour. Bact., 7, 1922, 5; 
Bergey et al.. Manual, 1st ed., 1923, 330; 
Plectridium tetanomorphum Prdvot, Ann. 
Inst. Past., 61, 1938, 87.) From Greek, 
shaped like the tetanus organism. 

Synonyms or possibly related species: 
Bacillus pseudotetani Migula, Syst. d. 
Bakt., 8, 1900,598 (Tetanus&hnlicher Ba¬ 
cillus and Pseudotetanusbacillus, Tavel 
and Lanz, Mitteil. a. klin. Med. Inst. d. 
Schweiz, 1, 1893, 162; Bacillus taveli 
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Chester, Man. Determ. Bact., 1901,304; 
Plectridium paeudotetanieum Pr4vot, 
Ann. Inst. Past., 61 ^ 1938, 87; Plec¬ 
tridium paeudo-tetanieum Pr4vot, Man. d. 
Class., etc., 1940,158); possibly identical 
with Bacillua fragilia Veillon and Zuber, 
Arch. d. M6d. Expt. et d*Anat. Path., 
lOy 1898, 636 and Bacillua ramoaua Veil- 
Ion and Zuber, ibid., 537. 

Bods: Slender, with rounded ends, oc¬ 
curring singly and in pairs, not in chains. 
Motile with peritrichous flagella. Spores 
spherical, or nearly so, terminal, swelling 
rods. Gram-positive. 

Gelatin: Not liquefied. Gelatin is 
liquefied (Hall, Jour. Inf. Dis., 50, 1922, 
501). 

Agar surface colonies (anaerobic): 
Small, flat, irregularly circular, translu¬ 
cent, crenated. 

Deep agar colonies: Small, opaque, 
irregular; not woolly or branched. 

Agar slant (anaerobic): Grayish, trans¬ 
lucent growth. 

Broth; Turbid. 

Litmus milk; Unchanged; or occasional 
slight reduction of litmus. 

Acid and gas from glucose and maltose. 
Fructose, galactose, lactose, sucrose, sali- 
cin, inulin, mannitol and glycerol not 
fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Egg-meat medium : Slight gas formation 
in 48 hours. White crystals are depos¬ 
ited. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows at 30®C and 37®C. 

Anaerobic. 

Source: From war wounds and from 
soil. 

Habitat: Not determined other than 
these sources. Probably rather common 
in soil. 

44. Clostridium alcaligenes Bergey et 
al. (Bacillua anaJirobicua alcaligenea 
Debono, Cent. f. Bakt., I Abt., Orig., 55, 


1912,232; Bergey et al.. Manual, Ist ed., 
1923, 331; Palmula alcaligenea Prdvot, 
Ann. Inst. Past., 61, 1938,89; Acuformia 
alcaligenea Pr4vot, Man. d. Class., etc., 
1940, 165.) From French alcdi, alkali 
and Latin suffix, producing. 

Rods: Long, slender, occurring singly, 
in pairs and in short chains. Non-motile. 
Spores spherical, terminal, swelling rods. 
Gram-positive. 

Gelatin: Not liquefied. 

Deep glucose agar colonies: Lenticular 
to irregular, or spherical, white, granular, 
entire. 

Broth: Uniform turbidity. Fecal odor. 

Milk: Alkaline; casein slowly precipi¬ 
tated, with yellowish supernatant fluid. 

Indole is formed in abundance. 

Acid and gas from glucose and lactose. 
Sucrose and dulcitol not fermented. 
Cultures have odor of valerianic acid. 

Grows at 22®C and at 37®C. 

Anaerobic. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

45. Clostridium angulosum (Distaso) 
Hauduroy et al. (Bacillua anguloaua 
Distaso, Cent. f. Bakt., I Abt., Orig., 55, 
1912,439; not Bacillua anguloaua Gamier 
and Simon, Bull, et Mem. Soc. Med. H5p. 
Paris, 54,1907,1034; Bacteroides angulo¬ 
aua Bergey et al.. Manual, 1st ed., 1923, 
260; Hauduroy et al.. Diet, des Bact. 
Path., 1937, 91.) From Latin anguloaua, 
having angles, hooked. 

Rods: Short, thick, with rounded ends, 
occurring singly and in pairs. Long rods 
sometimes bent to form an obtuse angle. 
Encapsulated. Non-motile. Spores 
very small, spherical, terminal, slightly 
swelling rods. Gram stain not record ad. 

Plain gelatin: No growth at 20®C or at 
37®C. 

Glucose gelatin: Grows well at 37®C. 
Growth cloudy at first, then clears and 
liquefies, with whitish, pow'dery precipi¬ 
tate. 

Glucose agar deep colonies: Large, 
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angular, opaque, yellowish. Gas bubbles 
are formed. 

Broth: Turbid. 

Litmu? milk: Acid and coagulated in 
14 days. 

Indble is formed. 

Acid and gas from glucose, lactose and 
sucrose. Butyric acid is formed. 

Coagulated albumin not liquefied. 
Odorof skatol. 

Optimum temperature 37”C. 

Anaerobic. 

Distinctive character : Resembles the 
Bacille neigeux, Jungano, Compt. rend. 
Soe. Bk)l., Paris, fif, 1907, 677, in form, 
but not in other respects. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

46. Clostridium putrefaciens (Me- 
Bryde) Sturges and Drake. (^BocUIub 
putrefaeiena McBryde, U. S. D. A., Bur. 
An. Ind., Bull. 132,1911, 6; Sturges and 
Drake, Jour. Bact., 14 , 1927, 175; Pal- 
mula putrefaeiena Pr4vot, Ann. Inst. 
Past., 61, 1938,89; Acu/ormis putrefaeiena 
Prdvot, Man. d. Class., etc., 1940, 165.) 
From Latin, putrefying. 

Description from McBryde (ioc. cii.) 
and amplified from Sturges and Drake 
(loe. ciL). 

Bods: 0.5 to 0.7 by 3.0 to 15.0 microns, 
rounded ends, occurring singly, in pairs, 
and in chidns and filaments. Non-motile. 
Spores spherical, terminal, swelling rods. 
Gram-positive. 

Gelatin: liquefied. 

Agar surface colonies (anaerobic): 
Small, filamentous. 

Agaralant (anaerobic): Scanty, white, 
beaded, glistening growth. 

Broth: Moderate turbidity. Heavy, 
flocculeut sediment. 

Litmus milk: Rennet coagulation, 
peptonised. Litmus reduced. 

Indole not formed. 

Nitrites not produced from nitrates. 

SUi^t production of hydrogen sulfide. 

Acid and gas from glucose. Lactose, 


sucrose, maltose and starch not fer* 
mented. 

Coagulated albumin liquefied. 

Blood serum liquefied. 

Brain medium blackened and slowly 
digested. 

Minced pork medium: Slight disinte¬ 
gration; sour, putrefactive odor. 

Non-pathogenic. 

Optimum temperature 20®C to 25®C. 
Slow growth at O^C and no visible growth 
at 37®C. 

Anaerobic. 

Source: From muscle tissue of hogs at 
slaughter. 

Habitat: Not determined, other than 
this source. 

47. Clostridium nigrificans Workman 
and Weaver. (Iowa State Coll. Jour. 
Sci., 6, 1927-28,63; Workman, Iowa State 
Coll. Research Bull. 117, 1929, 165.) 
From Latin niger, black and faciena, 
making. 

Rods: 0.3 to 0.5 by 3.0 to 6.0 microns, 
with rounded ends. Motile. Spores 
oval, subterminal, slightly swelling rods. 
Gram-positive. 

Gelatin: Not liquefied. 

Deep agar colonies: Show blackening of 
medium around colonies. Black in¬ 
creased by adding 0.1 per cent ferric 
chloride to medium. 

Milk: Not recorded. 

Indole not formed. 

Nitrites not produced from nitrates. 

Glucose not fermented. 

Carbohydrates not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium blackened but not 
digested. 

Hydrogen sulfide produced from 
cystine. 

Non-pathogenic to man, guinea pig, 
mouse, rat and rabbit. 

Optimum temperature fifi'^C. Ther¬ 
mophilic, growing at 65®C to 70*C. 

Anaerobic. 

Distinctive character: Black colonies 
in agar media. 
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Source* From canned corn showing 
sulfur stinker spoilage; also occasionally 
from soil and manure. 

Habitat: Presumably soil, although de¬ 
tected with great difficulty. 

48. Clostridium belfantil (Carbone and 
Venturelli) Spray. {Bacillus belfantii 
Carbone and Venturelli, Boll. Ist. Siero- 
ter., Milan, 4 , 1925, 59; not Bacillus bel- 
faniii Migula, Syst. d. Bakt., f, 1900, 767; 
Spray, in Manual, 5th ed., 1939, 759; 
Endosporus belfantii Pr4vot, Ann. Inst. 
Past., 61 ,1938, 75.) Named for Belfanti, 
an Italian bacteriologist. 

Rods: 0.4 to 0.6 by 1.5 to 7.0 microns, 
thick and straight, occurring singly, in 
pairs and in short chains. Motile. 
Spores large, oval, central to subtemiinal, 
swelling rods. Usually Gram-negative, 
occasional cells Gram-positive 

Granulose reaction negative. 

Gelatin; Not liquefied. 

Plain agar surface colonies (anaerobic): 
Large, round, opaque, with filamentous 
edge. 

Deep agar colonies: Arborescent along 
the stab. Gas is formed. 

Plain broth: Diffuse turbidity, clearing 
by precipitation. No pigmentation. Gas 
is formed. 

Potato mash: Forms a foam becoming 
violet in 24 to 48 hours, persisting 3 to 6 
days, but disappearing on exposure to air. 

Potato slant: Grayish pellicle, becom¬ 
ing violet in 24 to 48 hours. Gas of alco¬ 
holic odor is produced. No acetone. 

Glycerinated potato: Thin, grayish 
pellicle, not becoming violet. 

Milk: Coagulated in 24 to 48 hours. 
Clot broken by gas. 

Milk agar: Abundant growth. Gas of 
butyric odor is liberated. 

Indole is formed. 

Hydrogen sulfide not formed. 

Acid and gas from glucose, fructose, 
maltose, sucrose, lactose and mannitol. 
Starch and inulin weakly fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Grows well at 37‘*C. 


Anaerobic. 

Specifically agglutinated only by homol - 
ogous antiserum. 

Source: From retting beds and from air. 

Habitat: Not determined, other than 
these sources. 

Note : Six other strains of similar pig- 
menting, sporulating anaerobes are de¬ 
scribed by the authors. These have the 
general characters of Clostridium bel¬ 
fantii ^ but differ in certain particulars, 
such as color of pigment, fermentation 
and specific agglutination. Present in¬ 
formation does not permit accurate 
systematic differentiation. 

48a. Clostridium maggiorai (Carbone 
and Venturelli) Spray. {Bacillus mag¬ 
giorai Carbone and Venturelli, foe. ctL, 
59; Spray, in Manual, 5th ed., 1939, 759; 
Endosporus maggiorai Pr4vot, loc. ctL, 
76.) Named for Maggiora, an Italian 
bacteriologist. 

Characters in general those of the 
group, but does not produce indole. 

Violet pigmentation persisting only 24 
hours. 

No alcoholic odor from cultures. 

Specifically agglutinatedonly by homol¬ 
ogous antiserum. 

From mud from bed of stream in Italy. 

48b. Clostridium derossii (Carbone and 
Venturelli) Spray. {Bacillus de rossii 
Carbone and Venturelli, loc. cit., 59; 
Spray, in Manual, 5th ed., 1939, 760; 
Endosporus rossii Pr^vot, loc. cit., 76.) 
Named for G. de Rossi, an Italian 
bacteriologist. 

Characters in general those of the 
group. Greenish pigmentation on potato 
slant, changing to violet or orange. 

Indole is formed. 

Spedifically agglutinatedonly by homol¬ 
ogous antiserum. 

From soil in Italy. 

48c. Clostridium ottolenghii (Carbone 
and Venturelli) Spray. {Bacillus otto- 
lenghii Carbone and Venturelli, loc. cit., 
59; Spray, in Manual, 5th ed., 1939, 760; 
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Endosporu^ oiiolenghti Pr^vot, loc. ciL, 
76.) Named for Ottolenghi, an Italian 
bacteriologist. 

Characters in general those of the 
group. Potato slant digested to a grayish- 
brown mash. Greenish pigment changing 
to reddish. Gas of disagreeable odor is 
formed. 

Indole is formed. 

Specifically agglutinated only by homol - 
ogous antiserum. 

From mud from bed of a stream in Italy. 

48d. Clostridium paglianii (Carbone and 
Venturelli) Spray. {Bacillus paglianii 
Carbone and Venturelli, Zoc. ctZ., 60; not 
Bacillus paglianii Trevisan, I generi e le 
specie delle Batteriacee, 1889,19; Spray, 
in Manual, 5th ed., 1939,760; Endosporus 
paglianii Pr^vot, Zoc. ctZ., 76.) Named 
for Pagliani, an Italian bacteriologist. 

Characters in general those of the 
group. One or two subterminal spores 
are said to be formed. 

Greenish pigmentation on potato, 
browning with age. 

Indole is formed. 

Specifically agglutinated only by 
homologous antiserum. 

From soil in Italy. 

48e. Clostridium lustigii (Carbone and 
Venturelli) Spray. {Bacillus lustigii 
Carbone and Venturelli, loc. cit., 59; not 
Bacillus lustigii Trevisan, in litt,, quoted 
from DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8 , 1889, 958; not 
Bacillus lustigi Chester, Man. Determ. 
Bact., 1901, 304; Spray, in Manual, 5th 
ed., 1939,760; Endosporus lustigii Pr4vot, 
Zoc. cit,y 76.) Named for Lustig, an 
Italian bacteriologist. 

Characters in general those of the 
group. Green pigmentation on potato 
slant. 

Indole is not formed. 

Specifically agglutinated only by homol¬ 
ogous antiserum. 

From mud and soil in Italy. 

48f. Clostridium sdavoi (Carbone and 
Venturelli) com6. nov, {Bacillus sdavd 


Carbone and Venturelli, Zoc. ciL, 60; 
Endosporus sclavoei Pr4vot, loc, ciL, 76.) 
Named for Sclavo, an Italian ' bac¬ 
teriologist. 

Characters in general those of the 
group. Greenish to brown pigmentation 
on potato slant. 

Indole is not formed. 

Specifically agglutinated only by homol¬ 
ogous antiserum. 

From retting flax in Italy. 

49. Clostridium venturelli (deTomasi) 
Spray. {Bacillus venturelli de Tomasi, 
Boll. Ist. Sieroter. Milanese, 1925, 
203; Endosporus venturelli Prdvot, Ann. 
Inst. Past., 61f 1938, 76; Spray, in 
Manual, 5th ed., 1939, 769.) Named for 
Venturelli, an Italian bacteriologist. 

Rods: Pleomorphic, fusiform to 
straight or slightly curved, with rounded 
ends. Size variable with medium, 0.5 
to 0.8 by 2.5 to 8.0, and up to 20.0 microns. 
Occurring singly, in pairs, in chains, or 
frequently in parallel groupings. Motile. 
Capsulated. Spores oval, central to ex- 
centric, swelling rods. Gram-negative. 

Granulose reaction positive; showing 
violet granules with iodine. 

Gelatin; No growth; no liquefaction. 

Glucose agar surface colonies (an¬ 
aerobic) : Round, becoming rose-colored. 

Plain agar slant (anaerobic): No 
growth. 

Maltose agar stab: Colonies lenticular, 
yellowish, turning to rose. Odor of 
acetone. 

Plain broth: No growth. 

Potato slant (anaerobic): Becomes 
mucilaginous. Bubbles of gas of amylic 
odor. 

Potato mash: Very abundant growth; 
rose color, with red spots. 

Milk with CaCOs: Coagulated; becom¬ 
ing yellow, then pale rose. Amylic odor. 

Acid and gas from glucose, maltose, 
sucrose, fructose, lactose, inositol, dex¬ 
trin and starch. Arabinose, glycerol, 
mannitol and inulin not fermented (cited 
from Weinberg et al., Les Mic. Ana6r., 
1937,800). 
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Fennentation products include espe¬ 
cially acetone and amyl alcohol, and 
smaller amounts of propyl, butyl and iso¬ 
butyl alcohols, and acetic acid. 

Coagulated albumin not digested. 

Blood serum not liquefied; forms a 
small amount of yellowish liquid. 

Optimum temperature to 20'’C. 
Inhibition of growth and pigmentation 
above 25®C. 

Anaerobic. 

Distinctive character: Forms a rose- 
colored pigment which is soluble in alco¬ 
hol , but not in water, ether or chloroform. 

Source: From potato. 

Habitat: Not determined, other than 
this source. 

50. Clostridium roseum McCoy and 
McClung. (Arch. f. Mikrobiol., 6 , 1935, 
237.) From Latin roaeunit pink. 

Rods: 0.7 to 0.9 by 3.2 to 4.3 microns, 
occurring singly, in pairs and in short 
chains. Motile with peritrichous fiagella. 
Spores oval, subterminal, swelling rods 
to Clostridia. Gram-positive, becoming 
Gram-negative. 

Granulose reaction positive in clostri¬ 
dial stage. 

Glucose gelatin: Liquefied. 

Plain agar slant (anaerobic): Surface 
growth scant, scarcely perceptible. 

Glucose agar surface colonies (anaero¬ 
bic): Raised, smooth, edges slightly 
irregular. Pink to orange pigment. 

Deep glucose agar colonies: Compact, 
lenticular, pink to red-orange. 

Blood agar not hemolyzed. 

Pigmentation (anaerobic): Colonies 
red-orange, becoming purplish-black on 
aeration. 

Plain broth: No growth. 

Glucose broth: Abundant, uniform 
turbidity, with much gas. 

Litmus milk: Stormy coagulation. 
Litmus reduced, but obscured by pink 
pigment. Clot slowly softened. Pro¬ 
teolysis demonstrable on milk agar. 

Potato: Rapid digestion to a clear 
yellow fluid and bluish sediment. Much 
gas with butylic odor. 


Com mash: Resembling reaction of 
CloBifidium acetohutylieum, but with 
flesh-orange pigment, becoming slowly 
purple at surface on ageing. 

Hydrogen sulfide formed from thiosul¬ 
fate and sulfite. 

Nitrates reduced to ammonia. 

Nitrites reduced to ammonia. 

Indole not formed. 

Acid and gas from xylose, arabinose, 
glucose, mannose, fructose, galactose, 
lactose, maltose, sucrose, rafiinose, starch, 
dextrin, glycogen, inulin, pectin and 
salicin. Esculin and amygdalin weakly 
fermented. Mannitol, erythritol, glycer¬ 
ol, a-methyl glucoside, Ca-lactate and 
cellulose not fermented. 

Coagulated albumin cubes: Softened 
and yellowed by slow digestion. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature about 37®C. 
Growth occurs from 8®C to 62®C. 

Anaerobic. 

Source: From German maize. 

Habitat: Probably occurs in soil. 

51. Clostridium chromogenes Pr4vot. 
(Chromogenic anaerobe, Ghon and 
Mucha, Cent. f. Bakt., I Abt., Orig., 4^, 
1906, 406; Bacillus anaerobius ckromo- 
genes LeBlaye and Guggenheim, Man. 
Prat. d. Diag. Bact., 1914, 321; Pr4vot, 
Ann. Inst. Past., 1938, 85.) From 
Latin, color-producing. 

Rods: Moderate size, coccoid to elon¬ 
gate, ends rounded to slightly pointed; 
straight to slightly curved. Occurring 
singly, paired, in short chains and in 
long, curved to coiled filaments. Capsu- 
late, especially in serum media. Motile, 
with many peritrichous fiagella. Spores 
abundant, oval, central, subterminal, to 
apparently terminal at maturation, swell¬ 
ing rods to clubs and clostridia. Gram¬ 
positive. 

Granulose negative with iodine 
solution. 
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Gelatin: Liquefied in 48 hours. Diffuse 
turbidity, clearing with abundant, whit* 
ish-gray sediment, which later becomes 
red to violet-red. Upper (1 cm) layer 
shows diffuse, red pigment. 

Deep plain agar (without peptone): 
Growth sparse. Pigment not formed in 
absence of peptone. 

Blood agar surface colonies (anaerobic): 
Grayish, moist, shining, flat; edges lobate 
with finely dendritic -tufted edges. Blood 
agar is hemolyzed. 

Glucose agar surface colonies (ana¬ 
erobic): As on blood agar. Growth 
slightly less profuse. 

Glucose agar deep colonies: Grayish- 
w'hite, multi-lobate, with dense center 
and dendritic, tufted edges. Growth 
begins about 1 cm below surface. Gas 
abundantly formed. Diffuse, red pig¬ 
ment appears in superficial layers after 
4 to 5 days. 

Glucose meat-infusion broth: Abun¬ 
dant, diffuse turbidity with much gas. 
Gradual, profuse sedimentation, but with 
prolonged turbidity. 

Peptone water: Growth variable; some¬ 
times fails. At best, moderate turbidity 
and sediment. No gas. 

Synthetic fluid media (Uschinsky, 
etc.): No growth (unless peptone is 
added). Growth is proportionate to 
added peptone. 

Potato slant (anaerobic): Growth deli¬ 
cate, shining, grayish-yellow. Fecal 
odor. 

Milk: Spongy coagulation after 3 to 4 
days. Abundant gas. Turbid, yellow¬ 
ish whey is expressed. Casein clot 
gradually digested in 4 to 5 weeks. Fecal 
odor. 

Tndole is not formed. 

Hydrogen sulfide is abundantly formed. 

Coagulated albumin (hydrocoel- and 
ascitic-fluid): Digested and blackened, 
with moderate gas of fecal odor. When 
covered with agar, the agar plug shows 
diffuse, red pigmentation. 

Pathogenicity : Weakly pathogenic for 
white mice and guinea pigs. Produces 
hemorrhagic, serous peritonitis after in- 


traperitoneal inoculation. Death due 
apparently to a weak toxin. Virulence 
increased by animal passage. 

Grows well at 21^0 and at 37^C. 

Anaerobic. 

Distinctive character: Red pigmenta¬ 
tion which is increased on addition of 
chlorine-, or of bromine-water. Although 
produced by an anaerobe, pigment ap* 
pears only in aerated zone and depends 
on peptone content of medium. 

^urce: From pus of a human peri- 
nephritic abscess. 

Habitat: Not determined, other than 
this single source. 

52. Clostridium felslneum (Carbone 
and Tombolato) Bergey et al. (Bacillua 
felsineua Carbone and Tombolato, Le 
Staz. Sper. Agrar., Ital., SO, 1917, 563; 
Ruschmann and Bavendamm, Cent. f. 
Bakt., II Abt., 64, 1925,340; Van der Lek, 
Thesis, Delft, 1930, (143?); Clostridium 
felsinus Bergey et al., Manual, 3rd ed., 
1930, 463.) Named for Felsinea, the 
ancient name of Bologna, Italy. 

Described from Ruschmann and Baven¬ 
damm (foe. cit,), from the Kluyver strain 
used by Van der Lek (loc. cit.), and from 
McCoy and McClung, Arch. f. Mikro- 
biol.,fi, 1935,230. 

Rods: 0.3 to 0.4 by 3.0 to 5.0 microns, 
occurring singly, in pairs and in short 
chains. Motile with peritrichous flagella. 
Spores oval, subterminal, swelling rods 
to Clostridia. Gram-positive, becoming 
Gram-negative. 

Granulose positive in the clostridial 
stage. 

Glucose gelatin: Liquefied. 

Plain agar slant (anaerobic): Surface 
growth scant, scarcely perceptible. 

Glucose agar surface colonies (anaer¬ 
obic) : Raised, smooth, slightly irregular, 
yellow-orange. 

Deep glucose agar colonies: C]k)mpact, 
lenticular, opaque, yellow. 

Blood agar not hemolyzed. 

Pigmentation (anaerobic): Yellow- 
orange, ageing to brownish. Not chang¬ 
ing on aeration. 
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Plain broth: No growth. 

Glucose broth: Abundant, uniform 
turbidity, with much gas. Yellow slimy 
sediment. 

Litmus milk: Acid and coagulation. 
Litmus reduced. Clot torn and yellowed. 
No visible digestion. 

Potato: Digested to a yellow slime. 
Much gas with butylic odor. 

Corn mash: Resembling reaction of 
Clostridium aceiobuiylicumy but with 
flesh to orange pigment. 

Indole not formed. 

Nitrates reduced to ammonia. 

Nitrites reduced to ammonia. 

Acid and gas from arabinose, xylose, 
glucose, mannose, fructose, galactose, 
lactose, maltose, sucrose, raffinose, starch, 
dextrin, inulin, glycogen, pectin and 
salicin. Mannitol, erythritol, glycerol, 
Ca-lactate and cellulose not fermented. 

Fermentation products include butyl 
and ethyl alcohol, acetone, organic acids 
(probably butyric and acetic), H 2 and 
CO 2 . 

Coagulated albumin cubes: Softened 
and yellowed by slow digestion. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows at 37®C. 

Anaerobic. 

Source: From retting flax. 

Habitat: Not determined. Found in 
soil in Italy, Argentina and in the United 
States. 

53. Clostridium carbonei Arnaudi. 
(Soc. Intern. Microbiol., Boll. Sez. Ital., 
8, 1936, 261, and Boll. Ist. Sieroter, 
Milano, 16, 1937, 650; Inflabilis carbonei 
Pr6vot, Man. d. Class., etc., 1940, 96.) 
Named for Carbone, an Italian bac¬ 
teriologist. 

Rods: 0.8 to 1.0 by 3.5 to 4.5 microns, 
with ends slightly tapered. Non-motile. 
Spores oval, terminal, 0.8 to 1.0 by 1.0 to 
1.75 microns, swelling rods. Gram- 
positive. 


Granulose reaction strongly positive 
with iodine solution. 

Gelatin: No grow^th. 

Glucose and lactose gelatin: No growth. 

Plain agar surface colonies (anaerobic): 
Flat, shining, colorless, with irregular 
edges. 

Malt agar surface colonies (anaerobic): 
Creamy to slightly reddish colonies with 
irregular edges. 

Roux-potatoslant (anaerobic):Puncti- 
form, raised, opaque, deep red colonies, 
becoming almost violet. 

Plain agar stab: Only traces of growth 
along stab. 

Glucose and maltose agar stab: No 
growth. 

Plain broth: Very slight, colorless, 
diffuse turbidity. 

Glucose broth: Very slight turbidity. 

Maltose broth: Intense turbidity, with 
profuse, reddish-yellow: sediment. 

Tarozzi broth: Slight, diffuse turbidity. 

Indole not formed. 

Hydrogen sulfide not formed. 

Milk: Soft coagulation, with slight, 
fine reddish flocculence. Whey turbid 
and colorless. Reaction acid. Clot not 
digested. 

Digest-milk (optimum medium): Very 
abundant turbidity, with bright red 
flocculent sediment, diffusing uniformly 
on shaking. 

Coagulated egg-yolk broth: Slight tur¬ 
bidity; no digestion. 

Coagulated egg-albumin broth: Slight 
turbidity; no digestion. 

Coagulated serum (Loeffier, anaerobic): 
Poor growth; flat, red surface colonies. 
Xo digestion. 

Brain medium: Not recorded. 

Cellulose not attacked. Hemp is not 
retted. 

Ferments weakly: Glucose, maltose, 
sucrose, galactose, fructose and raffinose. 
Slow' and partial fermentation of lactose 
(only in acidified medium). Starch 
slightly fermented. Fermentation pro¬ 
ducts include H 2 , COi, CH», butyric acid 
and traces of ^hyl alcohol. 
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Non-pathogenio for sheep, rabbit, 
guinea pig or white mouse. 

Optimxun reaction pH 7.0 to 7.2; 
minimum pH 6.0; maximum pH 8.0. 

Optimum temperature 37®C. Grows 
slowly at 25^C to 30^0; growth ceases at 
4SfC. 

Anaerobic. 

Distinctive character: Production of a 
brilliant red pigment, soluble in amyl 
alcohol, petrol-ether, xylol and aniline 
oil. Partly soluble in ether, chloroform 
and acetone. Pigment very stable in 
light. 

Source: From macerated raw potato 
infusion. 

Habitat: Not recorded, other than from 
this single source. 

54. Clostridium spumarum (Prdvot 
and Pochon) comb, nov, (Plectridium 
spumarum Pr4vot and Pochon, Compt. 
rend. Soc. Biol., Paris, 130, 1939, 966.) 
From Latin, foam or froth. 

Rods: 0.5 by 4.0 microns, motile. 
Spores are oval and terminal, swelling 
rods. Gram-positive. 

Gelatin: Liquefied in 15 days. 

Deep agar: Forms small cottony 
colonies and a few gas bubbles. 

Peptone water: Turbidity and slight 
sediment. 

Milk: Coagulated in 5 days, but clot is 
not digested. 

Indole is produced. 

Hydrogen sulfide is formed (medium 
not stated). 

Sugars not attacked immediately after 
Isolation. 

After 1 month cultivation, ferments 
slowly glucose, fructose, galactose, mal¬ 
tose, arabinose, xylose, sucrose, mannitol 
and starch. Inulin is not fermented. 

Cellulose (in synthetic medium) is 
fermented chiefly to acetic and butyric 
acids, together with inflammable gas and 
traces of ethyl alcohol. 

Coagulated albumin not attacked. 

Brain medium not blackened. 

Optimum temperature 4 »ound 37^C. 
Not thermophilic. 


Anaerobic. 

Distinctive characters: Does not pro¬ 
duce pigment, and ferments a variety of 
carbohydrates. 

Source: From the scum of sugar refining 
vats. 

Habitat: Not determined, other than 
from this source. 

55. Clostridium werneri Bergey et al. 
{Bacillus cellidosam fermentans Werner, 
Cent. f. Bakt., II Abt., 37, 1926, 297; 
Bergey et al.. Manual, 3rd ed., 1930,452; 
Bacterium cclfuloaam Jepson, Bull. £nto- 
mol. Res., 1937, 163; Terminosporus 
cellulosam fermentans Pr^vot, Ann. Inst. 
Past., 61 y 1938, 86; Terminosporus cellu- 
losam-fermentans Pr4vot, Man. d. Class., 
etc., 1940, 148.) Named for Erich Wer¬ 
ner, the German bacteriologist who first 
isolated this organism. 

Related species: Probably closely re¬ 
lated to Clostridium omelianskii. 

Rods: 0.5 to 0.7 by 1.5 to 7.0 microns, 
occurring singly and in pairs, but not in 
chains. Motile with peritrichous flagella. 
Spores oval, terminal, swelling rods. 
Gram-negative. 

Cellulose agar slant (anaerobic): 
Growth only in contact with cellulose. 
Growth grayish*black; agar is darkened. 
Gas is formed. 

Agar slant (anaerobic): No growth. 

Broth: No growth. 

Broth with filter paper: Poor growth; 
cellulose weakly attacked. 

Omelianski solution with filter paper: 
Abundant growth; cellulose digested with 
formation of H 2 and C 02 . 

Hydrogen sulfide is formed in the 
Omelianski medium, presumably from 
the (NH«) 2 S 04 and MgSO«. 

Glucose not fermented. 

Carbohydrates, other than cellulose, 
not fermented. 

Non-pathogenic for mice. 

Optimum temperature 33^C to 37*^0. 

Anaerobic. 

Source: From larvae of rose leaf beetle 
{Potosia euprea). 



FAMILY BAdLLACEAE 


809 


Habitat: Occurs in soil and in feces of 
herbivorud animals. 

56. Clostridium cellulosolyens Cowles 
and Rettger. (Jour. Bact.,1931,167; 
CadiLceua celluloaolvena Pr^vot, Ann. 
Inst. Past., 61, 1938,86.) From chemical 
term, cellulose, and Latin, dissolving. 

Rods: 0.5 by 2.0 to 6.0 microns, com¬ 
monly curving, occurring singly and in 
pairs, not in chains. Non-motile. Spores 
spherical, terminal, swelling rods. Gram 
stain uncertain; usually Gram-negative. 

Does not grow in routine media, except 
where cellulose or certain few carbohy¬ 
drates are added. 

Surface colonies on dextrin-cysteine 
meat infusion s^ar (anaerobic): Tiny, 
round, transparent dew-drops; finely 
granular, with smooth edge. 

Acid and gas from cellulose, dextrin, 
arabinose, xylose and soluble starch. 
Glucose, fructose, mannose, lactose, mal¬ 
tose, sucrose, melezitose, raffinose, inulin, 
salicin, amygdalin, adonitol, dulcitol, 
erythritol, glycerol, inositol, mannitol, 
sorbitol and gum arable not fermented. 

Cellulose decomposed to Hi, COs and 
organic acids. 

Grows at 37®C. 

Anaerobic. 

Source: From horse feces. 

Habitat: Not determined, other than 
this source. Probably widely dispersed 
in manured soil. 

57. Clostridium dissolvens Bergey et 
al. {Bacillus cellulosae dissolvens Khou- 
vine, Ann. Inst. Past., 57, 1923, 711; 
Bergey et al., Manual, 2nd ed., 1925,344; 
Caduceus cellulosae dissolvens Pr4vot, 
Ann. Inst. Past., 61, 1938, 86.) From 
Latin, dissolving. 

Rods: Slender, ranging from 2.5 to 12.5 
microns in length, occurring singly, 
occasionally in pairs, but not in chains. 
Non-motile. Spores oval, terminal, 
swelling rods. Gram-negative. 

Cellulose is digested by the formation 
of an endocellulase which acts only when 
the bacteria are attached to the cellulose. 


Saccharides are formed from cellulose, 
also COs, Hs, ethyl alcohol, acetic, lactic 
and butyric acids. 

A yellow pigment is formed in presence 
of cellulose. 

Glucose not fermented. 

Carbohydrates, other than cellulose, 
not fermented.* 

Non-pathogenic for guinea pig. 

Optimum temperature: Grows between 
36®C and 51°C, without a definite 
optimum. 

Anaerobic. 

Distinctive character: Grows only in 
media containing cellulose, in the pres¬ 
ence of which it produces a yellow 
pigment. 

Source: From human feces. 

Habitat: Intestinal canal of man. 

58. Clostridium omelianskii (Henne- 
berg emfend. Clausen) comb. nov. (Cel¬ 
lulose fermenting microbe, Omelianski, 
Compt. rend. Acad. Sci., Paris, 121, 1895, 
653 (Bacillus fermentationis cellulosae 
Omelianski, Arch. Sci. Biol. (Russ.), 7, 
1899, 419; Bacterium cellulosis Migula, 
Syst. d. Bakt., 2, 1900, 513); Bacille hy- 
drog^nique, Omelianski, Arch. Sci. Biol. 
(Russ.), 9, 1902-03,263 (Wasserstoffbacil- 
lus, Omelianski, Cent. f. Bakt., II Abt., 
8, 1902, 262; Bacillus fossicularum Leh¬ 
mann and Neumann, Bakt. Diag., 4 
Aufl., 2, 1907, 466; Bacillus hydrogenii 
Jungano and Distaso, Les Anaerobies, 
1910, 147; Bacillus omelianskii Hcnne- 
berg, Cent. f. Bakt., II Abt., 55, 1022, 
276, emend, Clausen, Cent. f. Bakt.. II 
Abt., 8Ji, 1931, 40 and 54; Omelianskillus 
hydrogenicus Heller, Jour. Bact., 7,1922, 
5; Caduceus cellulosae hydrogenicus Pr^- 
vot, Ann. Inst. Past., 61, 1938, 86); 
Bacille formenique, Omelianski, Arch. 
Sci. Biol. (Russ.), 9, 1902-4)3, 263 
(Methanbacillus, Omelianski, Cent. f. 
Bakt., II Abt., 11, 1903-04, 370; Bacillus 
methanigenes Lehmann and Neumann, 
Bakt. Diag., 4 Aufl., 5. 1907, 466; Cello- 
bacillus methanigenes Orla-Jensen, Cent, 
f. Bakt., II Abt., 22, 1909, 343; Bacillus 
meihanii Jungano and Distaso, I^s 



810 


MANUAL OF BETEBMINATIVE BACTERIOLOGY 


Ana^robics, 1910,146; Caduceua celluloaae 
hydrogenictis var. celluloaae methanicua 
Pr^vot, Ann. Inst. Paat., tf/, 1938, 86; 
Caduceua celluloaae methanicua Pr^vot, 
Man. (1. Class.,etc.. 19-iO, 150).) Named 
for Omclianski, the Russian bacteriolo¬ 
gist who first described this type. 

This species was apparently first iso¬ 
lated and studied in pure culture by 
Clausen (loe, ctL). From his studies he 
concludes that Omelianski’s WasserstofT- 
and Methanbacillus arc but a single 
species, and that the gaseous fermenta¬ 
tion products (Hs, CO 2 and CH4) were 
affected by the symbiotic forms always 
present in Omelianski’s cultures. 

His evidence is quite convincing, and 
the organism is presented here from his 
description. 

Rods: Length varying with the 
medium, 0.5 to 0.7 by 5.0 to 15.0 microns, 
straight to slightly curved. Occurring 
chiefly singly, occasionally in pairs, fre¬ 
quently parallel in groups, never in chains 
or filaments. Young cells motile, but 
motility disappearing with sporulation. 
Flagella not demonstrable. Spores 
spherical, terminal, sw'elling rods. 
Spores 1.0 to 1.5 microns in diameter, 
varying with medium. Gram-positive, 
becoming Gram-labile on sporulation. 

Young vegetative cells colored wine-red 
with iodine solution. 

Gelatin (plus asparagine): Liquefied in 
6 to 10 days. Medium remains perfectly 
clear. 

Asparagine agar deep colonies: Grayish- 
white, delicate, cottony, with fine radial 
outgrowths. 

Asparagine agar surface colonics (anaer¬ 
obic) : Poor growth, delicate, translucent, 
filmy, scarcely discernible. 

Cellulose-liver broth: Solution remains 
visibly clear and does not darken with 
age. Occasional large gas bubbles arise. 

Indole not formed. 

Ammonia not formed. 

Nitrates not reduced to nitrites. 

Traces of H 2 S produced in inorganic 
solutions. 

Milk: Soft coagulation in 24 hours. 


Amorphous clot shrinks and settles, form¬ 
ing a yellowish-red to orange sediment, 
wdth turbid supernatant whey. 

Brain medium: Not digested or black¬ 
ened ; no visible evidence of growth. 

None of the following carbohydrates 
attacked: Maltose, mannitol, lactose, 
glucose, sucrose, galactose, fructose, 
starch, salicin, glycerol and inulin. 

Cellulose apparently the primary C- 
source, but is only weakly attacked by 
pure cultures. 

Yellow' pigment not recorded in pres¬ 
ence of cellulose (see Clostridium 
diaaolvena). 

Non-pathogenic for mice; other animals 
not recorded. 

Optimum reaction pH 7.0 to 7.4; 
grows betw^een pH 6.0 and 8.4. 

Optimum temperature 37®C to 42®C. 

Anaerobic: Growing at 25 to 30 mm 
mercury pressure. 

Distinctive characters: Ability to 
liquefy gelatin (plus asparagine); to co¬ 
agulate milk with orange sediment, and 
to grow in media containing asparagine 
without requiring presence of cellulose. 
Spores resist heating at 100®C for 90 
minutes. 

Source: From human, cow and horse 
excreta, from cow^s stomach contents, 
from cheese and from soil. 

Habitat: Intestinal canal of animals, 
and presumably thence widely dissemi¬ 
nated in soil. 

59. Clostriditim carnis (Klein) Spray. 
(Art V, von Hibler, Cent, f. Bakt., I Abt., 
25, 1899,515; Bacillus carnis Klein, Cent, 
f. Bakt., I Abt., Grig., S5, 1904, 459, also 
Trans. Path. Soc., London, 55, 1904, 74; 
Art. VI, von Hibler, Untersuch. ii. d. 
Path. Aiiaer., 1908, 3 and 406; Hiblerillua 
sextus Heller, Jour. Bact., 7, 1922, 6; 
Bacillus lactiparcus Lehmann and Sliss- 
mann, in Lehmann and Neumann, Bakt. 
Diag., 7 Aiifl., 2, 1927, 647; Plectridium 
carnis Prdvot, Ann. Inst. Past., 61, 
1938 87; Spray, in Bergey et al.. 

Manual, 5th ed., 1939, 750; Clostridium 
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sextum Pr^vot, Man. d. Class., oic., 
1040, 136.) From Latin, of flesh. 

Description from Hall and Duffett, 
Jour. Bact., i9, 1935,269. 

Rods: 0.5 to 0.7 by 1.5 to 4.5 microns, 
occurring singly, in pairs, rarely in 
chains of 3 to 4 cells. Motile with peri- 
trichous flagella. Spores oval to elongate, 
subterminal, slightly swelling rods. 
Gram-positive. 

Gelatin: Not liquefied or blackened. 

Agar surface colonies (aerobic): 
Minute, transparent dew-drops, becom¬ 
ing flat and lobatc. 

Blood agar surface colonies (aerobic): 
Similar to plain agar. Slight hemolysis. 

Deep agar colonies: Lenticular, becom¬ 
ing nodular to arborescent. 

Milk: Abundant gas, but no coagulation 
or other change. 

Indole not formed. 

Acid and gas from glucose, galactose, 
fructose, maltose, lactose, sucrose, amyg- 
dalin, salicin and dextrin. Trehalose, 
raflinose, xylose, arabinosc, starch, inulin, 
mannitol, dulcitol, sorbitol, glycerol and 
inositol not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Pathogenic for guinea pig, white rat and 
rabbit. Forms an exotoxin of moderate 
intensity, producing edema, necrosis and 
death on sufficient dosage. 

Grows well at both 37®C and at room 
temperature. 

Anaerobic and microaerophilic; grow¬ 
ing delicately on aerobic agar slants. 

Source: Originally isolated from a 
rabbit inoculated with garden soil (von 
Hibler); from contaminated beef infu¬ 
sion (Klein). 

Habitat: Probably occurs in soil. 

60. ClosMdlum histolyticum (Wein¬ 
berg and Seguin) Bergey et al. {Bacillus 
hisiolyticuB Weinberg and Seguin, Compt. 
rend. Acad. Sci., Paris, 755, 1916, 449; 
WeinbergilluB hUiolyiicus Heller, Jour. 
Bact., 7, 1922, 9; Bergey et al.. Manual, 


1st cd., 1923, 328.) From Greek, tissue¬ 
dissolving. 

Rods: 0.5 to 0.7 by 3.0 to 5.0 microns, 
occurring singly and in pairs. Motile 
with perilrichoiis flagella. Spores oval, 
subterminal, swelling rods. Gram- 
positive. 

Gelatin: Co'mpletc liquefaction in 24 
hours. 

Blood agar surface colonies (aerobic): 
Minute, round dew-drops. Blood is 
hemolyzed. 

Deep agar colonics: Variable; from len¬ 
ticular, lobate, to fluffy, according to the 
agar concentration. 

Agar slant (aerobic): Grows aerobically 
in barely perceptible film, or in tiny, 
smooth, discrete colonies. 

Broth: Turbid, with slight precipitate. 

Indole not formed. 

Nitrites not produced from nitrates. 

Litmus milk: Softly coagulated, then 
slowly digested. Little gas is formed. 

Carbohydrates are not fermented. 

Coagulated albumin slowly liquefied. 

Blood serum slowly liquefied with 
darkened, putrid fluid. 

Brain medium blackened and digested 
w'ith putrefactive odor. 

Fgg-meat medium: Little gas is formed. 
Meat first reddened, then darkened in 3 
days. Digestion apparent in about 24 
hours. Nauseous odor. Tyrosin crystals 
are abundant after about a week. 

Pathogenic for small laboratory 
animals. Produces a cytolytic exotoxin 
which causes extensive local necrosis and 
sloughing on injection. Not toxic on 
feeding. 

Grows well at 37°C. 

Anaerobic and microaerophilic. Grows 
feebly on aerobic agar slant. 

Source: Originally isolated from war 
\^'ounds, where it induces active necrosis 
of tissue. 

Habitat: Not determined, other than 
source stated. Found occasionally in 
feces and soil. Apparently widely, but 
sparsely, dispersed in soil. 
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61. Cioatiidiuin tertliim (Henry) Ber- 
gey et al. (BaeiUua tertiua Henry, Jour. 
Path, and Bact., 1916, 647; Henrillm 
iertitts Heller, Jour. Bact., 7, 1922, 5; 
Bergey et al.. Manual, Ist ed., 1923, ^2; 
Plectridium tertium Pr4vot, Ann. Inst. 
Past., 61, 1938, 87.) From Latin tertius, 
third. 

Probable synonyms: Bacillus gazogenes 
parvus Chouk^vitch, Ann. Inst. Past., 26, 
1911, 271 (Bacillus gazogenes Chouk4* 
vitch, ibid,, 268; Plectridium gazogenes 
Pr^vot, Ann. Inst. Past., 61, 1938, 87); 
Bacillus Y, Fleming, Lancet, 2, 1915, 
376; Bacillus aero-ieriius Bulloch et al., 
Med. Res. Counc., Spec. Kept. Ser. 30, 
1919,4; Bacillus spermoide Ninni, Patho¬ 
logies, 21, 1920, 385 (Clostridium 

spermoides Bergey et al.. Manual, 1st ed., 
1923, 336; Palmula spermoides Pr^vot, 
Ann. Inst. Past., 61, 1938, 88; Acuformis 
spermoides Pr4vot, Man. d. Class., etc., 
1940,164). 

Rods: 0.4 to 0.6 by 3.0 to 6.0 microns, 
occurring singly and in pairs, not in 
chains. Motile. Spores oval, terminal, 
swelling rods. Gram-positive. 

Gelatin: Not liquefied. 

Agar surface colonies (aerobic): Circu¬ 
lar with opalescent, crenated margin. 

Deep agar colonies: Small, lenticular, 
regular, smooth. 

Agar slant (aerobic): Grayish, filmy, 
opalescent growth. 

Blood agar is hemolyzed. 

Broth: Turbid, with sediment. 

Litmus milk: Acid, coagulated, with 
some gas formation. Clot is not digested. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, lactose, maltose, 
sucrose, arabinose, xylose, trehalose, 
melezitose, soluble starch, esculin, man¬ 
nitol, inositol and salicin. Inulin and 
glycerol not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Meat medium reddened; acid and gas 


formed. Meat not blackened or digested. 
Non-putrefactive. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature 30®C to 35®C. 
Can grow at 50®C. 

Anaerobic and microaerophilic. Grows 
feebly on aerobic agar slant. 

Source: From gangrenous \^T)unds and 
from feces. 

Habitat: Widely distributed in soil, 
feces and sewage. 

Appendix I: The following species of 
anaerobes are listed, chiefiy for their 
historic interest, from descriptions too 
incomplete to permit present definite 
classification. Many of these original 
cultures are now lost, and the descriptions 
are often too brief even to permit com¬ 
parison with recognized species. Several 
were described from cultures of doubtful 
purity, and even the anaerobic status of 
some is open to question. The syn¬ 
onymy cited is not to be regarded as 
definitely established in all instances. 

Many strains have been described by 
number or by common names only. 
These are not included here, but many 
may be found listed in Les Microbes 
Anadrobies, Weinberg, Nativelle and 
Pr^vot, Paris, 1937, and in The Anaerobic 
Bacteria and their Activities in Nature 
and Disease, McCoy and McClung, Univ. 
Calif. Press, 1939. 

Species are listed alphabetically under 
the first valid binomial, regardless of 
their original designation. 

Acuformis caninus Pr^ vot. (Unnamed 
species of Wolbach and Saiki, Jour. Med. 
Res., 21 f 1909, 267; Palmula canina 
Pr5vot, Ann. Inst. Past., 61, 1938, 88; 
Pr5vot, Man. d. Class., etc., 1940, 164.) 
From liver of healthy dog. 

Acuformis duhitatus Pr^vot. (Species 
No. 1 of Rodella, Cent. f. Bakt., II Abt., 
17, 1907, 374; Palmula duhitala Pr^vot, 
Ann. Inst. Past., 61, 1938, 89; Pr4vot, 
Man. d. Class., etc., 1940, 165.) From 
normal and from spoiled milk. 
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Acuformia immohilia Pr6vot. (BaciU 
lua putrificua immohilia Distaao, Ann. 
Inst. Past., 1909, 955; Palmula im¬ 
mohilia Pr6vot, Ann. Inst. Past., 61, 1938, 
89; Pr5vot, Man. d. Class., etc., 1940, 
165.) From intestine of the flying fox 
(Pieroptta), 

Amylohacter hutylicus Duclaux. (Ann. 
Inst. Past., 9, 1895,813.) From ferment¬ 
ing macerated potato inoculated with soil. 

Amylohacter etkylicua Duclaux. (Ann. 
Inst. Past., 9, 1895,814.) Probably only 
a facultative anaerobe. From ferment¬ 
ing macerated potato inoculated with 
soil. 

Bacillua acidi acetici Thoni. (Thesis, 
Bern, 1906, (?); quoted from McCoy and 
McClung, The Anaer. Bact. etc., 1939, 
413.) Source not known. 

Bacillua aerogenea gangrenoaae Wein¬ 
berg and Ginsbourg. (Bacillo aerogene 
gangrenosa, Nacciarone, Hiforma Med., 
S3, 1917, 778; Weinberg and Ginsbourg, 
Bull. Inst. Past., iSS, 1925, 825.) From 
human gaseous gangrene. 

Bacillua amyloclaaticua Renshaw and 
Fairbrpther. {Bacillua amyloclaaticua 
inteatinalia Renshaw and Fairbrother, 
Brit. Med. Jour., 1, 1922,675; ihid., 818.) 
Stated by authors to be a facultative 
anaerobe. From intestine of diabetic 
persons. 

Bacillua anaerobic No, VIII Chester. 
(Anaerobe No. VIII, Sanfelice, Ztschr. f. 
Hyg., 14i 1893,375; Pseudo-Rauschbrand- 
bacillus, Kruse, in Flugge, Die Mikroorg., 
3 Aufl., S, 1896, 250; Chester, Man. Det. 
Bact., 1901,296.) From putrefying meat 
infusions, soil, and from tissues of guinea 
pigs after inoculation with soil. 

Bacillua hutyricua Botkin. (Botkin, 
Ztschr. f. Hyg., 11, 1892, 421; Bacillus 
No. I, Flugge, Ztschr. f. Hyg., 17, 1894, 
290; Bacillua hotkini Migula, Syst. d. 
Bakt., S, 1900, 594; Bacillua parahutyri- 
cua LeBlaye and Guggenheim, Man. Prat, 
de Diag. Bact., 1914, 324; not Bacillus 
parahutyricua Gratz and Vas, Cent. f. 
Bakt., II Abt., 41, 1914, 510; Cloatridium 
hutyricum Holland, Jour. Bact., 5, 1920, 
217 and 222.) From milk. 


Bacillua hutyricua dimorphua Rocchi. 
(Cent. f. Bakt., I Abt., Orig., 60, 1911, 
580.) A collective name for a group of 
butyric anaerobes considered denaturable 
and mutually interconvertible. 

Bacillus cadaveria grandia Sternberg. 
(Researches relating to the etiology and 
prevention of yellow fever, Washington, 
1891, 213.) From liver of a yellow fever 
cadaver. 

Bacillua cannabinua Makrinow and 
Tchijowa. (Arch. Sci. Biol. (Russ.), 29, 

1929, 52; also Cent. f. Bakt., II Abt., 80, 

1930, 59.) Stated by the authors to be a 
facultative anaerobe. From soil and from 
retting of kenaf {Hihiacua cannabinua). 

Bacillua cincinnatua Gerstner. (Gerst- 
ner. Thesis, Basel, 1894, 17; Bacillua 
Cincinnati Jungano and Distaso, Les 
Anadrobies, 1910, 88.) From soil and 
sewage. 

Bacillua clavatua Migula. (Anaerobe 
No. Ill, Fliigge, Ztschr. f. Hyg., 17, 1894, 
289; Migula, Syst. d. Bakt., 2, 1900, 597; 
Bacillua cuneatua Chester, Man. Determ. 
Bact., 1901, 299.) From boiled cow's 
milk. 

Bacillua colicogenea Tissier. (Ann. 
Inst. Past., 26, 1912, 523.) From stool 
of an infant with diarrhea and colic. 

Bacillua coprogenea Hopffe. {Bacillua 
coprogenea foeiidua Herfeldt, Cent. f. 
Bakt., II Abt., 1, 1895, 77; not Bacillua 
coprogenea foetidua FlOgge, Die Mikro¬ 
org., 2 Aufl., 1886, 305; Hopffe, Ztschr. 
Infkmkh. u. Hyg. Haust., 14, 1913,404.) 
From manure and from horse intestine. 

Bacillua creaologenea Rhein. (Rhein, 
Compt. rend. Soc. Biol., Paris, 87, 1922, 
576; Cloatridium creaologenea Pr5vot, 
Ann. Inst. Past., 61, 1938, 85.) From 
brain medium inoculated with soil. 

Bacillua de baryanua Klein. (Ber. d. 
Deuts. Bot. Gesellsch., 7 (Bhft.), 1889, 
60.) Migula (Syst. d. Bakt., 2, 1900, 
640) says this is probably anaerobic. 
Observed in swamp water, but not culti¬ 
vated on artificial media. 

Bacillua diffrangena Gerstner. (The¬ 
sis, Basel, 1894, 19.) From soil and 
sewage. 
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BaciUui dimarphobutyricu$ Lehmann 
and Neumann. (Dimorpher Butter- 
8&urebacilluS| Graaaberger and Schatten- 
froh, Arch, f. Hyg., 60, 1907,59; Lehmann 
and Neumann, Bakt. Diag., 4 Aufl., f, 
1907, 441.) From milk. 

BadUttB degana Romanovitch. 
(Compt. rend. Soc. Biol., Paris, 71, 1911, 
169.) From normal human intestine and 
from diseased appendix. 

BaciUua fibroaua Gerstner. (Thesis, 
Basel, 1894, 26.) From soil and sewage. 

BochinsJIiIy^stMigula. (Anaerobe No. 
IV> Fltlgge, Ztschr. f. Hyg., 17, 1894, 
290; Migula, Syst. d. Bakt., 6, 1900,597.) 
From boiled cow’s milk. 

BaeiUua fossieularum Lehmann and 
Neumann. (Wasserstoffbacillus, Omeli- 
anski. Cent. f. Bakt., II Abt., 8, 1902,262; 
Tiehmann and Neumann, Bakt. Diag., 4 
Aufl., t, 1907,466, may have been named 
in the 3 Aufl.) From mud from canals. 
Forms hydrogen and COi from anaerobic 
cdlulose fermentations. 

BaeiUuB funietdarU Gerstner. (The¬ 
sis, Basel, 1894, 24.) From soil and 
sewage. 

BaeiUua gangraenae Tilanus. (Nederl. 
Tijdschr. v. Geneeskunde, 81, 1885,110.) 
From a gangrenous human leg. 

Bacillua gracilia eihylicua Achalme and 
Rosenthal. (Compt. rend. Soc. Biol., 
Paris, S8, 1906,1025.) From stomach con¬ 
tents in a case of gastritis. 

BaeiUua granuloaua Gerstner. (Gerst¬ 
ner, Thesis, Basel, 1894, 21; Bacillua 
pronufafus Migula, Syst. d. Bakt., 8, 1900, 
613.) From soil and sewage. 

BaeiUua haumani Soriano. (Unnamed 
pleetridium, Soidelliand Soriano, Compt. 
rend. Soc. Biol., Paris, 99, 192S, 1517; 
Flectridk) amarillo, Soriano, Tomo com- 
memorativo def XXV aniversario de la 
fondacidn de la Facultad de Agronomia y 
Veterinaria, Buenos Aires, 1929, (?); 
SorifUK), Rev. Inst. Bact., Buenos Aires, 
5, i930, 743; Pleetridium amariUum 
Stampa, Ann. Brass, et Distill., 89, 1930- 
31, (263,271 and 302?); BaeiUua haumafi’ 
ni Amaudi, Boll. 1st. Sieioter., Milano, 
16, 1987, 660; Cloatridium haumanni 


Pr4vot, Ann. Inst. Past., 61, 1938, 81.) 
From flax-retting beds. 

Bacillua ichlhyiami Konstansoff. 
(Vestnik Obshtch. Hig. Sudeb. i Prakt. 
Med., Petrograd, 61, 1915, (766?); quoted 
from Weinberg et al., I^es Microbes 
Ana4robies, 1937, 341.) From fish re¬ 
sponsible for a condition simulating 
botulism. 

Bacillua indolicua Gratz and Vas. 
(Gratz and Vas, Cent. f. Bakt., II Abt., 
il, 1914, 611; Inflabilia indolicua Pr4vot, 
Ann. Inst. Past., 61, 1938, 77.) From 
cheese. 

Bacillua infantiliam Hill and Whit¬ 
comb. (Amer. Jour. Pub. Health, 8, 
1913, 926.) From human intestine. 

Bacillua inflatua Koch.. (Koch, Botan. 
Zeit., 1888, 328; Cloatridium inflatum 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 22; not Bacillua inflatua 
Distaso, Ann. Inst. Past., 88, 1909, 955.) 
Anaerobic status insecure; aerobic ac¬ 
cording to Kruse, in Fliigge, Die Mikro- 
org., 3 Aufl., 8, 1896, 259. Observed in 
swamp waters, but not isolated. Formed 
two spores in a spindle-shaped spo¬ 
rangium. 

Bacillua irregularis Chouk5vitch. 
(Chouk5vitch, Ann. Inst. Past., 86, 1911, 
348; Cloatridium irregularis Pr4vot, Ann. 
Inst. Past., 61, 1938, 85.) From large 
intestine of horse. 

Bacillua kedrowakiiMigala. {Bacillus 
No. 2, Kedrowski, Ztschr. f. Hyg., 16, 
1894, 451; Bacillua acidi butyrici Kruse, 
in Fltlgge, Die Mikroorg., 3 Aufl., 8, 1896, 
256; not Bacillua acidi butyrici I Weig- 
mann, Cent. f. Bakt., II Abt., 4, 1898, 
830 (see Bacillua paeudonavicula); 
Migula, Syst. d. Bakt., 8, 1900, 589.) 
From cheese and rancid butter. 

Bacillua lactopropylbutyricua Tissier. 
(Apparently identical with Bacillua 
lactopropylbutyricua non liquefaciena Tis¬ 
sier and Gasching, Ann. Inst. Past., 17, 
1903, 546;’Tissier, Ann. Inst. Past., 19, 
1905, 282; Cloatridium lactopropylhutyli- 
cum Pr4vot, Ann. Inst. Past., 61, 1938, 
85; BaeiUua laetopropylhutylieua non 
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Uquefaciena Pr4vot, Man. d. Class., etc., 
1940,141.) From milk. 

Bacillus lichenoides Piening. (Cent, 
f. Bakt., I Abt., Orig., m, 1932, 217; 
not Bacillus lichenoides Grohmann, Cent, 
f. Bakt., II Abt., 6t, 1924, 267.) Cited 
only by name, without description. 
From dried sheep intestines used for 
preparation of catgut sutures. 

Bacillus limosus Klein. (Ber. d. 
Deutsch. Bot. Gesellsch., 7 (Bhft.), 1889, 
60.) Migula (Syst. d. Bakt.,F, 1900,640) 
says this is probably anaerobic. Ob¬ 
served in swamp water, but not culti¬ 
vated on artificial media. 

Bacillus longus Chester. (Bacillus 
muscoides colorabilis Ucke, Cent. f. 
Bakt., I Abt., tS, 1898, 1000; Chester, 
Man. Determ. Bact., 1901, 303.) From 
garden soil. 

Bacillus IvJbinskii Kruse. (Tetanus- 
ghnlicher Bacillus, Lubinski, Cent. f. 
Bakt., 18,1894,771; Kruse, in Flfigge, Die 
Mikroorg., 3 Aufi., 8,1896,267.) From a 
fetid human abdominal abscess in peri¬ 
tonitis. 

Bacillus lyticus Costa and Troisier. 
(Compt. rend. Soc. Biol., Paris, 78,1915, 
433.) From gangrenous war wounds. 
Stated to be intermediate between Clos- 
Iridium perfringens and Clostridium 
sepiicum. 

Bacillus macrosporus Klein. (Ber. d. 
Deutsch. Bot. Gesellsch., 7 (Bhft.), 1889, 
60.) Migula (Syst. d. Bakt., 8,1900,640) 
says this is probably anaerobic. Ob¬ 
served in swamp water, but not culti¬ 
vated on artificial media. 

Bacillus makrono-filiformis Becker. 
(Ztschr. f. Infkmkh. d. Haust., 1922, 
20.) From a guinea pig cadaver. 

Bacillus maymonei Carbone. (Boll. 
Sez. Ital., Soc. Intern. Microbiol., /, 
1929, 74.) A retting organism of doubt¬ 
ful purity and anaerobic status. Culti¬ 
vated from kenaf (Hibiscus cannabinus). 

Bacillus megalosporus Chouk4vitch. 
(Chouk4vitch, Ann. Inst. Past., 85,1911, 
351; Hiberillus megalosporus Heller, 
Jour. Bact., 7,1922,17; InfiabilU megalo- 
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sporus Pr4vot, Ann. Inst. Past., 8/, 1988, 
77.) From large intestine of horse. 

Bacillus multiformis Distaso. (Dis- 
taso, Cent. f. Bakt., I Abt., Orig., 58, 
1911, 101; not Bacillus multiformis yen 
Senus, Dissert., Leiden, 1890, (?); Boe- 
teroides multiformis Bergey, Manual, 1st 
ed., 1923, 263; Cillohacterium multiforme 
Pr4vot, Ann. Inst. Past., 60, 1938, 297.) 
Stated by Distaso (loc, cit.) not to pro¬ 
duce spores, but to belong probably to 
the Welch Group. From feces of dog. 

Bacillus multiformis van Senus. (van 
Senus, Dissert., Leiden, 1890 and Koch’s 
Jahrsber., 1,1890,138.) From mud and 
from decomposing vegetation. 

Bacillus muscoides Liborius. (Libor- 
ius, Ztschr. f. Hyg., 1, 1886,163; ComUia 
muscoides Trevisan, I generi e le specie 
delle Batteriacee, 1889,22.) From mouse 
inoculated with soil, from cheese, and 
from bovine feces. 

Bacillus muscoides non colorabilis 
Ucke. (Cent. f. Bakt., I Abt., 85,1898, 
1000.) From hay infusion. 

Bacillus nanus Romanovitch. (Compt. 
rend. Soc. Biol., Paris, 71, 1911, 239.) 
From human intestine. 

Bacillus nebulosus Vincent., (Ann. 
Inst. Past., 81, 190^, 69; not Bacillus 
nebulosus Wright, Mem. Nat. Acad. Sci., 
7,1894,465; not Bacillus nebulosus Hall4, 
Th5se de Paris, 1898, 33; not Bacillus 
nebulosus Migula, Syst. d. Bakt., 8, 
1900, 844; not Bacillus nebulosus Gores- 
line. Jour. Bact., 87, 1934, 52.) From 
well and river water. 

Bacillus oedematis Migula. (Bacillus 
oedematis maligni Liborius, Ztschr. f. 
Hyg., 1,1886,158; not Bacillus oedematis 
maligni Zopf, Die Spaltpilze, 3 Aufi., 
1885, 88; Migula, Syst. d. Bakt., 8, 1900, 
604; not Bacillus oedematis Chester, 
Man. Determ. Bact., 1901, 292.) 

Bacillus otitidis sporogenes putrificus 
von Hibler. (Cent. f. Bakt., I Abt., 
Orig., 55, 1913, 282.) From a human 
brain abscess. 

Bacillus otricolare Weinberg and Gins- 
bourg. (Bacillo otricolare, Nacciarone, 
Kforma Med., 55, 1917, 7^; Weinbeig 
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and Ginsbouii;, Bull. Inst. Past., S8, 
1926, 825; End^porua otricdare Pr^vot, 
Ann. Inst. Past., 6/, 1938, 75.) From 
human gaseous gangrene. 

Badllua pappvlus de Gasperi. (de 
Gasperi, Cent. f. Bakt., I Abt., Orig., 
58,1911,1; Paraplectrum pappulum Pr4- 
vot, Ann. Inst. Past., 61, 1938, 75.) 
From rancid sausages. 

BacUlua parabtUyrictta Grata and Vas. 
(Grata and Vas, Cent. f. Bakt., II Abt., 
41, 1914, 510; not Bacillus parabutyricus 
LeBlaye and Guggenheim, Man. Prat, de 
Diag. Bact., 1914, 324.) From Liptauer 
cheese. 

Bacillus penidUatus Gerstner. (In- 
aug. Diss., Basel, 1894, 27.) From soil 
and sewage. 

Bacillus peraniella Klein. (Ber. d. 
Deutscb. Bot. Gesellsch., 7 (Bhft.), 1889, 
60.) Migula (Syst. d. Bakt., 8, 1900, 
640) says this is probably anaerobic. 
Observed in swamp water, but not culti¬ 
vated on artificial media. 

BaeiUus polypiformis Liborius. (Li- 
boriuB, Ztschr. f. Hyg., /, 1886, 162; 
CornUia polypiformis Trevisan, I generi 
e le specie delle Batteriacee, 1889, 22; 
Anaerobe No. II, Sanfelice, Ztschr. f. 
Hyg., 14, 1803,369; Bacillus cephaloideus 
Migula, Syst. d. Bakt., 8, 1900, 631.) 
From mouse inoculated with soil. 

Bacillus postumus Heim. (Heim, 
Lehrbuch d. Bakt., 3 Aufl., 1906, (?) (p. 
259 in 6 Aufl.); quoted from Wtlfcker, 
Sitzungsber. d. Physik.-Med. Soz. in 
Erlangen, 41, 1909,230; also Heim, Cent, 
f. Bakt., I Abt., Orig., 65, 1910, 341.) 
From various spontaneously putrefying 
infusions. 

Bacillus pseudomagnt^ Migula. (An¬ 
aerobe No. VI, Sanfelice, Ztschr. f. Hyg., 
14, 1893, 373; Migula, Syst. d. Bakt., S, 
1900, 608; BaciUus caris Chester, Man. 
Determ. Bact., 1901,293.) From putre¬ 
fying meat infusions, soil and animal 
excreta. 

BaeiUus pseudonavicula Migula. (Spe¬ 
cies No. 1, Kedrowski, Ztschr. f. Hyg., 
16, 1894, 446; Bacillus acidi hutyrici I 
Weigmann, Gent. f. Bakt., II Abt., 4, 


1898, 830; not Bacillus acidi hutyrici 
Kruse, in Flflgge, Die Mikroorg., 3 Aufl., 
8, 1896, 256; Migula, Syst. d. Bakt., 8, 
1900, 590.) From cheese and rancid 
butter. 

Bacillus pscudooedemoUs Kruse. 
(Pseudo - Oedembacillen, Liborius, 
Ztschr. f. Hyg., 1, 1886, 163; Bacillus 
pseudo-oedematia maligni Gerstner, In- 
aug. Diss., Basel, 1894, 35; not Bacillus 
paeudooedematis maligni Sanfelice, Ann. 
dell’Ist. d*Ig. di Roma, n.s. 1, 1891, 370; 
Anaerobe No. VII, Sanfelice, Ztschr. f. 
Hyg., 14, 1893, 374; Kruse, in Flilgge, 
Die Mikroorg., 3 Aufl., 8, 1896, 239; 
Bacillus paeudoedematia Chester, Man. 
Determ. Bact., 1901, 293; presumably 
identical with Bacillus paeudo-septicus 
Perrone, Ann. Inst. Past., 19, 1905, 371, 
and, according to Perrone, with Proteus 
hominia capaulatua Bordoni-Uffreduzzi, 
Ztschr. f. Hyg., 3,1888,333.) From mouse 
inoculated with soil, from putrefying 
meat infusions and from animal excreta. 

Bacillus pseudosolidua Migula. (An¬ 
aerobe No. Ill, Sanfelice, Ztschr. f. Hyg., 
14, 1893, 371; Migula, Syst. d. Bakt., 8, 
1900, 630; Bacillus tardus Chester, Man. 
Determ. Bact., 1901, 294; not Bacillus 
tardus Chouk5vitch, Ann. Inst. Past., 
85, 1911, 350.) From putrefying meat 
infusions, soil, and from animal excreta. 

Bacillus paeudotetani Migula. (Pseu- 
dotetanusbacillus, Tavel and Lanz, 
Mitt. a. klin. med. Inst. d. Schweiz, 
1, 1893, 162; Migula, Syst. d. Bakt., 8, 

1900, 598; Bacillus taveli Chester, Man. 
Determ. Bact., 1901, 304.) From cases 
of intestinal abscesses. 

Bacillus pseudotetanicua Kruse. (An¬ 
aerobe IX, Sanfelice, Ztschr. f. Hyg., 
14, 1893, 375; Kruse, in Flilgge, Die 
Mikroorg., 3 Aufl., 8, 1896, 267; not Ba- 
dllus pseudotetanicua Migula, Syst. d. 
Bakt., 8,1900, 626; not BaeiUus pseudo- 
fetomciis Chester, Man. Detenn. Bact., 

1901, 302; Bacillus subtetanicus Migula, 
loc. dU, 629.) From putrefying meat 
infusions and from soil. 
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Bacillua putrificua coagulam Diataao. 
(Cent. f. Bakt., I Abt., Orig., B9, 1911, 
97.) From human and animal inteatine. 

Bacillua putrificua var. non liquefaciena 
Putzu. (Policlin., Sez. Chir., 1916, 
225.) From human gas gangrene. 

Bacillua putrificana immobilia Diataao. 
(Ann. Inst. Past., 23, 1909, 982.) From 
the (eces of the flying fox (Pteropua). 

Bacillua pyogenea foetidua Herfeldt. 
(Cent. f. Bakt., II Abt., /, 1895, 77.) 
From manure and from horse intestine. 

Bacillus reniformis Gerstner. (Gerst- 
ner, Inaug. Diss., Basel, 1894 , 22; Bac¬ 
terium reniforme Migula, Syst. d. Bakt., 
2, 1900, 329.) From soil and sewage. 

Bacillus ruhellus Okada. (Okada, 
Cent. f. Bakt., 1/, 1892, 4; Clostridium 
rubellum Pr4vot, Ann. Inst. Past., 61, 
1938,85.) From dust and dirt. 

Bacillua saccharofermentana de Gas* 
peri. (Compt. rend. Soc. Biol., Paris, 
67, 1909, 494.) From putrefying car. 
casses of game birds. 

Bacillua aaccharogenea Romanovitch. 
(Compt. rend. Soc. Biol., Paris, 71, 1911, 
168.) From human intestine, both nor¬ 
mal and during appendicitis. 

Bacillua aaprogenea /, II and III, 
Herfeldt. (Herfeldt, Cent. f. Bakt., II 
Abt., 1, 1895, 77; not Bacillua aaprogenea 
Salus, Arch. f. Hyg., 51, 1904, 115.) 
From manure and from horse intestine. 

Bacillua aaprogenea inteatinalia Ro- 
manovitch. (Compt. Vend. Soc. Biol., 
Paris, 71, 1911, 237.) From human 
intestine. 

Bacillua aaprophyticua Maes. (Surg. 
Clin. North Amer., 10, 1930, 792.) Only 
casual mention of this organism as one of 
the common gas bacilli. Otherwise uni¬ 
dentified. 

Bacillua aaprotoxicua Sordelii, Soriano, 
Ferrari and Torino. (Sordelii et al.. Rev, 
d. Inst. Bact., Buenos Aires, 6, 1934,432; 
Clostridium aaprotoxicum Pr4vot, Ann. 
Inst. Past., 61, 1038, 83.) From human 
gaseous gangrene. 

Bacillua aarcoemphyaematodea hominia 
Oomradi and Bieling. (Mttnch. med. 


Wchnschr., 6S, 1916, 133.) From human 
lesions. 

Bacillua satellitia Loris-Melikov. (Un¬ 
named species of Loris-Melikov, Compt. 
rend. Soc. Biol., Paris, 70, 1911, 865; 
Loris-Melikov, Ann. Inst. Past., 27, 1913, 
545; Bacillua aatelitia (sic) Loris- 
Melikov, Compt. rend. Acad. Sci., Paris, 
166, 1913, 346; Injlabilia aatellitia Pr5vot, 
Ann. Inst. Past.. 61, 1938, 77.) From 
human typhoid feces. 

Bacillua acatologenea Weinberg and 
Ginsbourg. (Skatol-liberating CZos- 
tridium. Fellers, Abst. Bact., 7, 1923, 
351; Bacillus skatol. Fellers and Clough, 
Jour. Bact., 10, 1925, 105; Weinberg and 
Ginsbourg, Les Microbes Ana^robies, 
Paris, 1927, 54.) From spoiled canned 
macaroni and salmon. 

Bacillua aepticua Klein. (Klein, Mi¬ 
cro-Organisms and Disease, London, 
1884, 78; not Bacillua aepticua Mac4, 
Traits Prat. d. Bact., Ist ed., 1888, 455; 
not Bacillua aepticua Migula, Syst. d. 
Bakt., 2, 1900, 646.) Probably synony¬ 
mous with Clostridium perfringena Type 
A. From earth, putrid blood and other 
albuminous fluids, and occasionally in 
blood-vessels of man and animals after 
death. 

Bacillua aolidua Lfideritz. (Lilderitz, 
Ztschr. f. Hyg., 6, 1889,152; not Bacillua 
aolidua Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 10, 1893, 129; Cornilia 
soli da Trevisan, I gencri e le specie delle 
Batteriacee, 1889, 22.) From mouse and 
guinea pig inoculated with soil. 

Bacillua aolmsii Klein. (Klein, Ber. 
d. Deutsch. Bot. Gesellsch., 7 (Bhft.), 
1889, 60; Diplectridium aolmaii Fischer, 
Jahrb. f. Wiss. Bot., 27, 1895, 148). 
Migula (Syst. d. Bakt., 2, 1900, 640) 
says this is probably anaerobic. Ob¬ 
served in swamp water, but not culti¬ 
vated on artificial media. 

Bacillua apinosua Lfideritz. (LUder- 
itz, Ztschr. f. Hyg., 5, 1889,152; Cornilia 
apinoaa Trevisan, 1 generi e le specie 
delle Batteriacee, 1889,22.) From mouse 
and guinea pig inoculated with eoil. 
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Baeillua sporogenes Migula. (Bacillus 
enieritidis sporogenes Klein, Cent. f. 
Bakt., I Abt., 18, 1895,737; Migula, Syst. 
d. Bakt., F, 1900, 560; Bacillus (enteriii- 
dis) sporogenes and Bacillus enteritidis 
Klein, Loc. Govt. Bd., Ann. Kept. Med. 
Off., London, 55, 1903-04, 442 and 443; 
Bacillus sporogenes capsvlatus Rettger, 
Jour. Biol. Chem., 5,1906-07,84; Bacillus 
enteritidiS’Sporogenes Holland, Jour. 
Bact., 5, 1920, 218; Clostridium enteritis 
dis-sporogenes Holland, ibid,, 218; Clos- 
iridium enteritidis sporogenes Holland, 
ibid,, 222; Clostridium sporogenes Hol¬ 
land, ibid,, 220.) Probably a culture of 
Clostridium perfringens contaminated 
with Clostridium bifermentans or with 
Clostridium sporogenes. From epidemic 
diarrheal feces, and from milk presum¬ 
ably causing the epidemic. 

Bacillus sporogenes non liquefaciens 
Jungano. (Jungano, Compt. rend. Soc. 
Biol., Paris, 65, 1908-09, 716; Bacillus 
sporogenes liquefaciens Jungano, ibid,, 
718; Bacillus sporogenes non liquefaciens 
anaerobius LeBlaye and Guggenheim, 
Man. Prat. d. Diag. Bact., 1914, 395.) 
From the intestine of the flying fox 
(Pteropus). 

Bacillus sporogenes foetidus Chouk4- 
vitch. (Ann. Inst. Past., 85, 1911, 257.) 
From the large intestine of a horse. 

BaciUus sporogenes parvus Chouk4- 
vitch. (Ann. Inst. Past., 87, 1913, 251.) 
From intestine of cattle. 

Bacillus steUatus Vincent. (Vincent, 
Ann. Inst. Past., 81, 1907, 69; Bacillus 
stellatus anaerobius LeBlaye and Guggen¬ 
heim, Man. Prat. d. Diag. Bact., 1914, 
368; Bacterium stellatum LeBlaye and 
Guggenheim, idem,) Anaerobic status 
uncertain, but Vincent compares it with 
BaciUus polypiformis Liborius, and with 
Anaerobe No. II, Sanfelice. From water. 

Bacillus subfoetidus Migula. (An¬ 
aerobe V, Sanfelice, Ztschr. f. Hyg., U, 
1893,372; Migula, Syst. d. Bakt., 8, 1900, 
609; Bacillus anaerobic No. V Chester, 
Man. Determ. Bact., 1901, 296; Bacillus 
pseudotetanicus Chester, ibid., 302.) 
From putrefying meat infusions, soil, and 
from animal excreta. 


Bacillus tachysporus Wesbrook. (Jour. 
Path, and Bact., 4* 1896-97, 8.) From 
infection in human tetanus. 

Bacillus tenuis glycolyticus Distaso. 
(Ann. Inst. Past., 55, 1909, 955.) From 
intestine of the flying fox (Pteropus). 

Bacillus tenuis spatuliformis Distaso. 
(Distaso, Cent. f. Bakt., I Abt., Orig., 
59, 1911, 101; Bacteroides tenuis Bergey 
et al.. Manual, 1st cd., 1923, 263; Cillo- 
bacterium spatulifdrme Pr4vot, Ann. Inst. 
Past., 60, 1938, 297; Bacillus spatulifor¬ 
mis Prdvot,Man. d. Class., etc., 1940,79.) 
Spores not observed by Distaso, but 
placed by him in the perfringens-group. 
From feces of dog. 

Bacillus teras Knorr. (Knorr, Cent. f. 
Bakt., I Abt., Orig., 88, 1918-19, 225; 
Inflabilis teras Pr4vot, Ann. Inst. Past., 
61, 1938, 77.) From soil and from fluid 
aspirated in hematopneumothorax. 

Bacillus tkalassophilus Russell. (Rus¬ 
sell, Ztschr. f. Hyg., 11, 1892, 189.) Va¬ 
riably recorded as a strict or facultative 
anaerobe (see Bacillus polymyza and 
Bacillus sphaericus). From sea water 
and mud from depth of sea. 

Bacillus thermofibrincolus Itano and 
Arakawa. (Bull. Agric. Chem. Soc., 
Japan, 5, 1929,33.) Source not recorded. 

Bacillus tympani-cuniculi Morcos. 
(Jour. Bact., 8S, 1932, 454.) From vis¬ 
cera, muscles and blood of rabbits dying 
of infectious tympanitis. 

Bacillus ukilii Weinberg, Pr4vot, 
Davesne and Renard. (Unnamed spe¬ 
cies of Ukil, Compt. rend. Soc. Biol., 
Paris, 87, 1922, 1009; Weinberg et al., 
Ann. Inst. Past., 48, 1928,1199; Bacillus 
oedematogenes Frei, Ergeb. d. allgem. 
Path. Mensch. u. Tiere, 31, 1936, 52; 
Clostridium ukilii Hauduroy et al.. Diet, 
d. Bact. Path., 1937, 142; Clostridium 
oedematis-benigni Prdvot, Ann. Inst. 
Past., 61, 1938, 82; Clostridium oedematis 
benigni Pr4vot, Man. d. Class., etc., 1940, 
120.) From diseased human appendix. 

Bacillus ventriculosus Koch. (Koch, 
Botan. Zeit., J^B, 1888, 341; Clostridium 
ventriculosus Trevisan, I generi e le spe¬ 
cie delle Batteriacee, 1889, *22.) Prob- 
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ably not anaerobic. Observed in decay¬ 
ing vegetation and in swampy waters. 

Bacterium caprophilum Migula. 
(Anaerobe No. 2, Sewerin, Cent. f. Bakt., 
II Abt., 5, 1897, 708; Migula, Syst. d. 
Bakt., F, 1900, 823; Baeillue eoprophilue 
Weinberg, Nativelle and Pr4vot, Les 
Microbes Ana^r., 1937,643.) From horse 
manure. 

Bacterium Uni Migula. (Unnamed 
species of Winogradsky, Compt. rend. 
Acad. Sci., Paris, 121, 1895, 744; Migula, 
Syst. d. Bakt., 2, 1900,513. From retting 
flax. 

Bacterium peeudocloetridium Migula. 
{Clostridium foetidum lactic von Freu- 
denreich, Cent. f. Bakt., II Abt., 1,1895, 
856; Migula, Syst. d. Bakt., 2, 1900,511.) 
From cheese. 

Bacterium sternbergii Migula. {Ba¬ 
cillus anaerohicus liquefaciens Sternberg, 
Researches relating to the etiology and 
prevention of yellow fever, Washington, 
1891, 214; Bacillus anaerohius liquefa¬ 
ciens Kruse, in FlOgge, Die Mikroorg., 
3 Aufl., 2, 1896, 241; Migula, Syst. d. 
Bakt., 2, 1900, 444; Bacterium anaerobi- 
cum Chester, Man. Determ. Bact., 1901, 
198.) From intestine of a yellow fever 
cadaver. 

Bactridium butyricum Chudiakow. 
(Chudiakow, Zur Lehre von der Anaero- 
biose, Teil I, Moskau, 1896, (?); quoted 
from Rothert, Cent. f. Bakt., II Abt., 4, 
1898, 390.) Stated by Rothert to be a 
path^enic, obligate anaerobe, but source 
of culture is not specified. 

Caduceus thermophUus a Prdvot. 
(Anaerobie thennophile a (Thermo a), 
Veillon, Ann. Inst. Past., 96, 1922, 428; 
Pr4vot, Ann. Inst. Past., 61, 1938, 86; 
Bacillus thermophUus a Pr4vot, Man. d. 
Class., etc., 1940, 150; Caduceus ther- 
mophilus Pr4vot, ibid,, 149; Caduceus 
thermophUus alfa Pr4vot, Und,, 150.) 
From horse manure. 

Clostridium aceticum Wieringa. (Jour. 
Microbiol, and Serol., 6, 1940, 257.) 
From soil. Oxidizes Ht» using COi as 
the hydrogen acceptor, forming acetic 
acid, thus using Hs as sole source of 


growth energy and COs as sole carbon 
source for cell growth. 

Clostridium albo-laetcum Killian and 
Feh6r. (Ann. Inst. Past., 66, 1936, 630.) 
From SaWa Desert soil. 

Clostridium alboluteum Killian and 
Feh5r. (Anq. Inst. Past., 66, 1935,595.) 
From Sahara Desert soil. 

Clostridium album liquefaciens Killian 
and Feh5r. (Ann. Inst. Past., 66, 1935, 
595.) From Sahara Desert soil. 

Clostridium album minor Killian and 
Feh5r. (Ann. Inst. Past., 66, 1935,620.) 
Presumably identical with Clostridium 
minor Killian and Feh5r, Und., 597. 
From Sahara Desert soil. 

Clostridium album non liquefaciens 
Killian and Feh5r. (Ann. Inst. Past., 
66, 1935, 599.) Presumably identical 
with Clostridium non liquefaciens Killian 
and Feh5r, ibid., 597. From Sahara Des¬ 
ert soil. 

Clostridium americanum Pringsheim. 
(Bine Alkohole bildende Bakterienform, 
Pringsheim, Cent. f. Bakt., II Abt., 16, 
1906, 300; Bacillus pringsheim Prings¬ 
heim, ibid., 311; Pringsheim, Cent. f. 
Bakt., II Abt., 16, 1906, 796; Clostridium 
butyricum var. americanum Pr4vot, Man. 
d. Class., etc., 1940, 109.) Anaerobic 
status uncertain. From spontaneously 
fermenting potato. 

Clostridium aurantibutyricum Hellin- 
ger. (Commemorative Vol. to Dr. Ch. 
Weizmann’s 70th Birthday, Nov., 1944, 
46.) From retted Hibiscus from So. 
Africa. 

Clostridium balaenae Pr4vot. (Wal- 
fischseptik&mie Bacillus, Nielsen, Cent, 
f. Bakt., 7,1890,269; Bacille de la septi¬ 
cemic des baleines, Christiansen, Compt. 
rend. Soc. Biol., Paris, 8$, 1920, 324; 
Walfischseptik&miebazillus, Christian¬ 
sen, Cent. f. Bakt., I Abt., Orig., 84, 
1920, 127; Prevot, Ann. Inst. Past., 61, 
1938,81.) From flesh of whales dying of 
septicemia. Later isolated from same 
material by Christiansen. 

Clostridium canadiense Demby and 
Blanc. (Jour. Bact., 6, 1921, 420.) 
From a human case of gangrene. 

Clostridium caproieum PrdvQt. (JSTa- 
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eUhUB anaerohicua der Capions&ure- 
gruppe, Rodella, Cent. f. Bakt., II Abt., 
IBy 1906,58; Pr6vot, Ann. Inst. Past., 61^ 
1938, 84; BadUua anaerobicua captoicua 
Pr^vot, Man. d. Class., etc., 1940, 140.) 
From cheese. 

Cloairidium cellobioparns Hungate. 
(Jour. Bact., 4^, 1944,499.) From rumen 
of cattle. 

Cloairidium celltdoaae Horowitz-Wlas- 
sowa and Novotelnow. (Cent. f. Bakt., 
II Abt., 91, 1935, 477.) Cited only by 
name. Source not stated. 

Cloairidium corallinum Pr^vot and 
Raynaud. (Ann. Inst. Past., 70, 1944, 
182.) From serous fluid obtained post 
mortem from a mouse inoculated with an 
emulsion of street dust. 

Cloairidium cuniculi Galli. (Galli, 
Boll. 1st. Sieroter., Milan, S, 1923-24, 
337; Clostridium gallii Pr^vot, Ann. Inst. 
Past., 61, 1938, 83.) From necrotic vis¬ 
ceral lesion in a rabbit. 

Cloairidium diaporum Vuillemin. 
(Compt. rend. Acad. Sci., Paris, 186, 
1903, 1583.) Probably not anaerobic. 
Encountered in cultures of Blastomyces; 
said to form two spores. 

Clostridium foetidum fecale Romano- 
vitch. (Compt. rend. Soc. Biol., Paris, 
71, 1911, 238.) From normal human 
intestine. 

Cloairidium gkoni Pr^vot. (Unnamed 
species of Ghon and Mucha, Cent. f. 
Bakt., I Abt., Orig., 89, 1905,497; Pr^vot, 
Ann. Inst. Past., 61, 1938, 83.) From 
post-operative human peritonitis. 

Clostridium giganteuvi Benecke and 
Keutner. (Ber. d. Deutsch. Botan. Ge- 
sellsch., 91, 1903, 340.From sea water. 

Cloairidium haemolysana Hauduroy et 
al. (Bacillua anaerobius haemolysana 
Markoff, Cent. f. Bakt., I Abt., Orig., 
77, 1915-16, 421; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 105; Plectridium 
hemolyaans Pr^vot, Ann. Inst. Past., 61, 
1938, 87.) From putrid human buccal 
tissues. 

Cloairidium hueppei Trevisan. (But- 
ters&urebacillen, Hueppe, Mitteil. a. d. 
kais. Qesundhta., 9, 1884, 353; Bacillus 


huiyricua FlOgge, Die Mikroorg., 2 Au6., 
1886, 300; Trevisan, 1 generi e le specie 
delle Batteriacee, 1889, 22; Bacillus 
paeudo-buiyricua Kruse, in FlOgge, Die 
Mikroorg., 3 Aufl., 2, 1896, 207; Bacillus 
hueppei Chester, Man. Doterni. Bact., 
1901,276.) From milk. 

Clostridium hyalinum Killian and 
Feh6r. (Ann. Inst. Past., 55, 1935,595.) 
From Sahara Desert soil. 

Clostridium kluyverii Barker and 
Taha. (Jour. Bact., 4^t 1942, 347.) 
From alcohol-containing enrichment cul¬ 
tures of Methanobaclcrium omelianskii 
inoculated with black mud from fresh 
water and marine sources. 

Clostridium lihorii Trevisan. (Libor- 
ius buttersaurebildender Bacillus, 
Fltigge, Die Mikr(K)rg., 2 Aufl., 1886, 299; 
Trevisan, I genc^ri e le specie delle Bat- 
teriacee, 1889,22.) Presumably the same 
as Clostridium foetidum Liborius, Ztschr. 
f. Hyg., 1, 1886, 160. From mice inocu¬ 
lated with garden soil. 

Clostridium medium Henneberg. 
(Cent. f. Bakt., II Abt., 55, 1922, 248.) 
From human and animal feces. 

Clostridium milelmani Pr6vot. (Ann. 
Inst. Past., 61, 1938, 84.) Stated by 
Pr^vot to have been isolated by Mitelman 
from diarrheal human intestine. 

Clostridium mucosus Simola. (Simola, 
Ann. Acad. Scient. Fennicoe, Helsinki, 
Ser. A, 84, 1931, (115?); Clostridium 
mucosum Prdvot, Man. d. Class., etc., 
1940, 112; not Clostridium mucosum Ber- 
gey et al.. Manual, 4th ed., 1934 , 472; 
quoted from Pr6vot, Ann. Inst. Past., 
61, 1938,80 who records it as a facultative 
anaerobe.) Source of isolation unknown. 

Clostridium niyxogenes Simola. (Sim¬ 
ola, Ann. Acad. Scient. Fennicoe, Hel¬ 
sinki, Ser. A, 34, 1931, (115?); quoted 
from Pr^vot, Ann. Inst. Past., 61, 1938, 
80 who records it as a facultative 
anaerobe.) Source of isolation unknown. 

Clostridium necrosans Pr4vot. (Ba- 
cillua aerogenes necrosans Schupfer, 
Policlin., Sez. Med., 19, 1905,261; Pr^vot, 
Ann. Inst. Past., 61, 1938, 84.) Isolated 
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from a gaseous, necrotic thoracic abscess 
in a woman. 

CloBtridium nothnageli Henneberg. 
(Cent. f. Bakt., II Abt., 55,1921-22,246.) 
Cultivated, but not isolated in pure cul¬ 
ture, from human and animal feces. 

Clostridium partum Pr^vot. (Un¬ 
named anaerobe of Levens, Cent. f. 
Bakt., I Abt. Orig., 88, 1922,479; Pr4vot, 
Ann. Inst. Past., 61, 1938, 85.) From 
a cow in post-partum rausch-brand. 

Clostridium propionicum Cardon and 
Barker. (Jour. Bact., 62, 1946, 629.) 
From marine mud. 

Clostridium proteolyticum Chouk6- 
vitch. (Ann. Inst. Past., 27, 1913, 253.) 
Said to be a facultative anaerobe. From 
intestine of cattle. 

Clostridium pygmaeum Henneberg. 
(Cent. f. Bakt., II Abt., 55,1921-22,250.) 
From human and animal feces. 

Clostridium sarcoemphyaematodes Pr4* 
vot. {Bacillus sarcemphyaematodes horn- 
inis Conradi and Bieling, Mtlnch. med. 
Wochnschr., 63, 1916, 134; Clostridium 
sarcemphysematodes (sic) Prdvot, Ann. 
Inst. Past., 61, 1938, 81; Pr^vot, Man. d. 
Class., etc., 1940, 120.) From human 
gaseous gangrene. 

Clostridium sardiniensis Pr^vot. 
(Ann. Inst. Past., 61, 1938, 81.) Re¬ 
ferred to Altara by Pr^vot. Cited by 
name only from Pr4vot. 

Clostridium secundum Hauduroy et al. 
(Unnamed species of Ghon and Sachs, 
Cent. f. Bakt., I Abt., Orig., 4S, 1909, 
399; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 130.) 'From human em¬ 
physematous liver. 

Clostridium solidum Sanfelice. (San- 
felice, Ztschr. f. Hyg., U, 1893, 372; 
Bacillus solidum Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 10, 1898, 129; 
Bacillus sanfelicei Migula, Syst. d. Bakt., 
2, 1900, 630; not Bacillus solidus Lttder- 
itz, Ztschr. f. Hyg., 5,1889,152.) From 
putrefying meat infusions, soil and from 
animal excreta. 

Clostridium sphaeroides Killian and 
Feh5r. (Ann. Inst. Past., 55,1936,598.) 
From Sahara Desert soil. 


Clostridium strasburgense Hauduroy et 
al. (Unnamed species of Vaucher, Boez, 
Lanzenberg and Kehlstadt, Bull, et Mem. 
Soc. M6d. H6p. Paris, 49, 1925, 1641; 
Hauduroy et al.. Diet. d. Bact. Path., 

1937, 135; Inflahilis sanguicole Pr5vot, 
Ann. Inst. Pfist., 61, 1938, 77.) Isolated 
by blood culture in human puerperd 
septicemia. 

Clostridium tenue Hauduroy et al. 
{Bacillus anaerobicus tenuis Distaso, 
Cent. f. Bakt., I Abt., Orig., 62, 1912, 
439; Bacillus anaerobius tenuis LeBlaye 
and Guggenheim, Man. Prat. d. Diag. 
Bact., 1914,337; Hauduroy et al.. Diet. d. 
Bact. Path., 1937,136.) From normal hu¬ 
man intestine. 

Clostridium thermoacidophilus Damon 
and Feirer. (Damon and Feirer, Jour. 
Bact., 10, 1925, 41; Palmula thermo- 
acidophila Prdvot, Ann. Inst. Past., 61, 

1938, 89; Acufomits thermoacidophilus 
Pr^vot, Man. d. Class., etc., 1940, 165.) 
Isolated anaerobically, but not strictly 
anaerobic. From horse manure. 

Clostridium thermoaerogenes Damon 
and Feirer. (Damon and Feirer, Jour. 
Bact., 10, 1925, 40; Caduceus thermoaero¬ 
genes Pr5vot, Ann. Inst. Past., 61, 1938, 
86.) From horse manure. 

Clostridium thermocellum Viljoen, Fred 
and Peterson. (Viljoen et al.. Jour. 
Agric. Sci. (London), 16, 1926, 7; Ter- 
minosporus thermocellus Pr4vot, Ann. 
Inst. Past., 61, 1938, 86.) From horse 
manure. 

Clostridium thermochainus Damon and 
Feirer. (Jour. Bact., 10, 1925, 42.) 
From horse manure. 

Clostridium thermophilum JemePjant- 
schik and Borissowa. (Microbiology 
(Russian), 10, 1941, 236-241; Bacillus 
thermophilus anaerobicus, idem; abst. in 
Cent. f. Bakt., II Abt., 105, 1942, 148; 
not Clostridium thermophilum Pribram, 
Jour. Bact., 22, 1931, 430.) From fish 
conserves. 

Clostridium thermoputrifieum Damon 
and Feirer. (Damon and Feirer, Jour. 
Bact., 10, 1925, 39; Palmula thermopu* 



822 


^L\NUAL OF DETERMINATIVE BACTERIOLOGY 


irifica Pr4vot, Ann. Inst. Past., 61^ 
1938, 89; ^cuformia thermoputrificua 
Pr^vDt, Man. d. Class., etc., 1940, 165.) 
From horse manure. 

Cloatridium toxinogenea Pr^vot. (Un¬ 
named anaerobe of Kojima, Ztschr. f. 
Hyg., 99, 1923, 86; Pr4vot, Ann. Inst. 
Past., 61, 1938, 82.) From muscle of a 
cow dying of symptomatic anthrax. 

Cloairidium ureolyticum Pr^vot. (Ann. 
Inst. Past., 61, 1938, 85; presumably 
Erde A, Geilinger, Cent. f. Bakt., II 
Abt., 4^, 1917,252.) From manured soil. 

Cloatridium valerianicum Pr^vot. 
(F&ulnisanaerobien der Baldriansaure, 
Rodella, Cent. f. Bakt., II Abt., 16, 1906, 
62; Prevot, Ann. Inst. Past., 61, 1938,84.) 
From cheese. 

Cloairidium viacoaum Chudiakow. 
(Zur Lehre von der Anaerobiose, Teil I, 
1896 (Russ.); quoted from Rothert, 
Cent. f. Bakt., II Abt., 4, 1898, 390.) 
A facultative anaerobe. 

Cloairidium xanihogenum DeGraafT. 
(Nederl. Tijd. Hyg., Microbiol, en Serol., 
1, 1930,219.) From cultured buttermilk 
undeigoing atypical fermentation. 

Cloairidium zunizii Henneberg. (Cent, 
f. Bakt., II Abt., 55, 1922, 249.) Culti¬ 
vated, but not isolated in pure culture, 
from human and animal feces. 

Cornilia parva Trevisan. {Bacillus 
liquefaciena parvus Ltideritz, Ztschr. f. 
Hyg., 5, 1889,148; Trevisan, I gcneri e le 
specie delle Battcriacee, 1889, 22; Bac¬ 
terium parvum Migula, Syst. d. Bakt., 8, 
1900, 324.) From animals inoculated 
with garden soil. 

Endoaporua oiricolare Pr4vot. (Ba- 
cillo otricolare, Nacciarone, Riforma 
Med., Napoli, SS, 1917, 778; Prevot, Ann. 
Inst. Past., 61, 1938, 75.) From gan¬ 
grenous war wounds. 

Granulohacillua aporogenea Andre. 
{ChrantUohacillua ap., Sommer, Deutsch. 
Monatschr. f. Zahnheilk., 55, 1915, 328; 
Andre, Ztschr. f. Hyg., 114, 1933, 412.) 
From infected, necrotic 'pulp of human 
teeth. 

Oranuldbacier ladohtUyricum Bei- 


jerinck. (Ferment de lactate de chaux, 
Pasteur, Compt. rend. Acad. Sci., Paris, 
56, 1863,416; Beijerinck, Verhandl. d. k. 
Akademie v. Wetensch., Amsterdam, 
Tweedie Sectic, Deel 1,1893, 8; Bacillus 
lactobuiyricua Migula, Syst. d. Bakt., 
5, 1900, 601; Amylobacier lactobuiyricua 
van Beynum and Pette, Cent. f. Bakt., 
II Abt., 96, 1935,200.) From fermenting 
grain mash and from soil. 

Granulobacter peolinovorum Beijerinck 
and van Delden. {Pleciridium pectino- 
e;oruwSt6rmer,Mitteil. d. deutsch. Laud- 
wirts. Gesellsch., 18, 1903,195; Beijerinck 
and van Delden, Arch. N6erl. d. Sci. 
Exactes et Nat., Ser. II, 9, 1904, 423; 
Bacillus pectinovorus LeBlaye and Gug¬ 
genheim, Man. Prat. d. Diag. Bact., 
1914, 324; Bacillus peciiuovorum Ilenne- 
berg, Cent. f. Bakt., II Abt., 55, 1922, 
279; Clostridium pectinovorum Donkcr, 
Thesis, Delft, 1926, 145.) From retting 
plant tissues. 

Granulobacter replans Beijerinck and 
van Delden. (Cent. f. Bakt., II Abt., 
9, 1902, 13.) Probably aerobic or micro- 
aerophilic. From garden and other soils. 

Granulobacter sphaericum Beijerinck. 
(Cent. f. Bakt., II Abt., 7, 1901, 568.) 
Probably aerobic or inicroacrophilic. 
From garden and other soils. 

Granulobacter urocephalum Beijerinck 
and van Delden. (Arch. N^erl. d. Sci. 
Exactcs et Nat., Ser. II, 9, 1904 , 423.) 
From retting plant tissues. 

Hiblerillua rectus Heller. {Strepto- 
bacillus anaerobicus rectus Chouk6vitch, 
Ann. Inst. Past., 25\ 1911, 350; Bacillus 
anaerobius rectus LeBlaye and Guggen¬ 
heim, Man. Prat. d. Diag. Bact., 1914, 
337; Heller, Jour. Bact., 7, 1922, 17; 
Indabilia rectus Prdvot, Ann. Inst. Past., 
61, 1938,77.) From large intestine of the 
horse. 

Hiblerillua aeptimus Heller. (Art VII, 
von Hibler, Untersuch. ti. d. Path. 
Anaer., 1908, 3 and 406; Heller, Jour. 
Bact., 7, 1922, 17; Cloatridium aeptimum 
Pr4vot, Ann. Inst. Past., 61, 1938, 84.) 
From spleen of a guinea pig inoculated 
with soil. 
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Jnflabilts haraii Pr4vot. (Bacille de 
Barat» Tissicr, Ck}mpt. rend. Soc. Biol., 
Paris, 81, 1918, 426; Pr4vot, Ann. Inst. 
Past., 61, 1938, 77.) From beer wort. 

Inflabilia magnua Pr4vot. (Strepio- 
hacillua anaerobicv^ magnua Chouk6- 
vitch, Ann. Inst. Past., 86, 1911, 251; 
Bacillua anaerobiua magnua LeBlaye and 
Guggenheim, Man. Prat. d. Diag. Bact., 
1914, 337; Pr4vot, Ann. Inst. Past., 61, 
1938, 77.) From large intestine of the 
horse. 

Inflabilia plagarum Pr4vot. (Bacillus 
S, Adamson, Jour. Path, and Bact., 88, 
1918-19, 373; Pr4vot, Ann. Inst. Past., 
61, 1938, 77.) From war wounds. 

Inflabilia paeudo-perfringena Pr4vot. 
(Presumably Bacillus L, Adamson, Jour. 
Path, and Bact., 88, 1918-19,372; Pr4vot, 
Ann. Inst. Past., 61, 1938, 77.) From 
war wounds. 

Inflabilia aeliensia Pr4vot and Ray¬ 
naud. (Ann. Inst. Past., 70, 1944, 50.) 
From oysters. 

Mariellillua proieolyiicua Heller. (Or¬ 
ganism II, Hempl, Jour. Hyg., 17, 1918, 
16; Heller, Jour. Bact., 7, 1922, 26.) 
From muscle in human gaseous gangrene. 

Myerillus aadowa Heller. (Jour. Bact., 
7,1922, 7; also Barney and Heller, Arch. 
Surg., 4, 1922, 477.) From a gangrenous 
htiman arm. 

Pectinobacter amylophilum Makronov. 
(Arch. Sci. Biol. (Russ.), 18, 1915,441.) 
Stated by author to be anaerobic, but 
description does not make this evi¬ 
dent. From soil. 

Plectridium cellulolylicum Pochon. 
(Compt. rend. Soc. Biol., Paris, 113, 
1933, 1325.) Isolated anaerobically, but 
not strictly anaerobic. From stomach of 
ruminants. 

Plectridium pectinovorum liquefacims 
Sjolander and McCoy. (Cent. f. Bakt., 
II Abt., 97, 1937, 315 and 322; probably 
identical with Amylobacter liquefaciena 
Ruschmann and Bavendamm, Cent. f. 
Bakt., II Abt., 64, 1937, 359.) From 
spontaneously retting plant tissues. 

Plectridium anieazkoi Pr4vot. (Un¬ 
named anaerobic thermophilic cellulose- 


fermenting species, Snieszko, Cent. f. 
Bakt., II Abt., 88, 1933, 403; Prdvot, 
Man. d. Class., etc., 1940, 154.) From 
soil and manure. 

Recordillua fragilia Heller. (Jour. 
Bact., 7, 1922, 8 and 27.) From a liver 
infarct in a cow. 

Reglillua ‘ progrediena Heller. (Jour. 
Bact., 7,1922,7; also Barney and Heller, 
Arch. Surg., 4t 1^22, 477.) From muscle 
of a gangrenous human arm. 

Robertaonillva primua Heller. (Or¬ 
ganism I, Hempl, Jour. Hyg., 17, 1918,13; 
Heller, Jour. Bact., 7, 1922, 7.) From a 
gangrenous war wound of human ma.\illa. 

Streptobacillua terrae Ucke. (Cent. f. 
Bakt., I Abt., 83, 1898,1000.) From gar¬ 
den soil. 

Terminoaporus raabi Prdvot. (Un¬ 
named anaerobe of Raab, Jour. Amer. 
Water Works Assoc., 10, 1923, 1051; 
Pr5vot, Ann. Inst. Past., 61, 1938, 86). 
From Minneapolis city water. 

Terminoaporus tkermocellulolyticua 
Pochon. (Ann. Inst. Past., 68, 1942, 
354, 383 and 467.) Strict anaerobe. 
Optimum growth at 60® to 66°C. 

Tyrothriz catenula Duclaux. (Du- 
claux, Ann. Inst. Nat. Agron., 4f 1882,23; 
Cornilia catenula Trevisan, I generi e le 
specie delle Batteriacee, 1889, 22; Bacil¬ 
lus catenula Chester, Ann. Rept. Del. 
Col. Agr. Kxp. Sta., 10, 1898,123.) Com¬ 
monly regarded as anaerobic, but not by 
Migula (Syst. d. Bakt., 8, 1900, 588). 
From cheese. 

Tyrothriz claviformis Duclaux. (Du¬ 
claux, Ann. Inst. Nat. Agron., 4, 1882,23; 
Pacinia claviformis Trevisan, in litt., 
quoted from DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1017; Bacterium claviforme Migula, Syst. 
d. Bakt., 8, 1900,322; Bacillus daviformia 
Vincent, Ann. Inst. Past., 81, 1907, 70.) 
From cheese. 

Tyrothriz urocephalum Duclaux. 
(Duclaux, Ann. Inst. Nat. Agron., 4t 
1882,23; Bacterium urocephalum Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 10, 
1898, 123; Bacillus urocephalum Migula, 
Syst. d. Bakt., 2, 1900, 588.) 
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Appendix n. The following organisms 
are listed in the text as probable syno¬ 
nyms or possibly related species. .They 
are cited here again in order to record the 
source of the original isolation. For 
convenience, they are listed alpha¬ 
betically under the names of the species 
to which such presumed relationship is 
ascribed. 

1. Clostridium butyricum Prazmow- 
ski. 

Amylobacter non liquefaciens Rusch- 
mann and Bavendamm. From retting 
plant tissues. 

Bacille amylozyme, Perdrix. From 
city water of Paris, and from the Seine 
River water. 

Bacillus amylobacter S and W Wert- 
heim. From soil and tissues of field 
plants. 

Bacillus butylicus Fitz. From glycerol 
solutions undergoing butylic fermenta¬ 
tion after inoculation with fresh cow 
feces. 

Bacillus holobutyricus Perdrix. From 
putrefying milk. 

Bacillus orthobuiylicus Grimbert. 
From soil, grains and from legumes. 

Bacillus saccharobutyricus von Klecki. 
From cheese. 

Bacterium navicula Reinke and Bert- 
hold. Observed and described from de¬ 
composing plant tissues. Not isolated 
in pure culture. 

Baciridium butyricum Chudiakow. 
Cited by Rothert, and source not stated 
by abstractor. 

Butylbacillus, Buchner. From gly- 
cerinated hay infusion. 

Clostridiumbuiyricum (BacillusamylO’ 
bacUr) I, II, III, Gruber. From sugar 
solutions undergoing butyric fermenta¬ 
tion. Source of inoculum not stated. 
(Ill is probably not strictly anaerobic.) 

Clostridium butyricum iodophilum 
Svarts. From human feces. 

Clostridium intermedium Donker. 
From retting dax. 

Clostridium polyfermenticum Partan- 
sky and Henry. From mud of streams 
and lakes and from soil. 


Clostridium sacckarobutyricum Don¬ 
ker. From various farinaceous materials 
and from soil. 

Clostridium sacchafopetum Partansky 
and Henry. From mud of streams and 
lakes and from soil. 

Clostridium saccharophilicum Partan¬ 
sky and Henry. From mud of streams 
and lakes and from soil. 

Clostridium saccharopostulatum Par¬ 
tansky and Henry. • From mud of streams 
and lakes and from soil. 

Clostridium tyrobutyricum van Bey- 
num and Pette. From soil, water, milk, 
cheese and various farinaceous materials. 
Widely dispersed in nature. 

Ferment butyrique (Vibrion buty- 
rique) Pasteur. Cultivated and pre¬ 
sumably isolated from sugar solutions 
undergoing butyric fermentation after 
inoculation with yeast. Purity of cul¬ 
tures seriously questioned. 

Granulobacillus saccharobutyricus mo- 
bilis non-liquefaciens Schattenfroh and 
Grassberger. From milk and from soil. 

Granulobacter butylicum Beijerinck. 
From fermenting grain mash and from 
soil. 

Granulobacter sacckarobutyricum Bei- 
jerinck. From fermenting grain mash 
and from soil. 

Granulobacter saccharobutyricus immo¬ 
bile nonliquefaciens McCoy et al. Source 
of isolation not recorded. 

Plectridium pectinovorum Stormer. 
Froni retting flax and hemp. Probably 
not strictly anaerobic. 

lb. Clostridium pasteurianium Wino¬ 
gradsky. 

Bacillus azoticuSf Bacillus duldtofer- 
mentans, Bacillus inulofugust Bacillus 
nonpentosus and Bacillus rhamnoticus 
Bodily. Source of isolation not specified, 
other than from cultures received from 
various sources labeled C. pasteurianum. 

6. Clos^diom septicum Ford. 

Bacillus tumefadens Wilson. From 
human gaseous gangrene. 
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Bradflotbacillus, Nielsen. From tis¬ 
sues and organs of sheep dying of braxy. 

Walfischseptikiimie BaciliuS) Nielsen. 
From whales evidently dead of septicemia 
resulting from harpoon wounds. 

9. Clostridium nov]ri Bergey et al. 

Bacille neigeux, Jungano. From a hu¬ 
man case of fetid cystitis, from abscess 
of kidney, and from various perineal 
infections. 

Bacillus hcllonensis Sacqudpde. From 
human gaseous gangrene. 

Bacillus gigas Zeissler and Rassfeld. 
From tissues of a sheep dying of a braxy- 
like disease. 

Bacillus oedematiens Weinberg and 
Seguin. From.human gaseous gangrene. 

Clostridium bubalorum Prt^vot. Iso¬ 
lated, but not named, by Kraneveld from 
cases of osteomyelitis of the East Indian 
buffalo. 

Gasodembazillus, Aschoff. From hu¬ 
man gaseous edema resulting from war 
wounds. 

11. Clostridium acetobutylicum McCoy 
etal. 

Bacillus butylacelicum Freiberg. From 
grains, soil and natural waters. Widely 
distributed in nature. 

Bacillushutylicus B.F,, llicard. From 
drains from slaughter houses. 

Bacillus saccharobutyricus liquejaciens 
McCoy et al. Source of isolation un¬ 
known; records only from the collection 
of the Dept. Agric. Bact. of the Univ. 
of Wis. Received from a commercial 
laboratory. 

Butylobacter betas Bakonyi. From 
beets {Beta vulgaris) contaminated with 
soil. 

Butylobacter sinense Bakonyi. From 
Jaffa oranges. 

Butylobacter solani Bakonyi. From 
German potatoes. 

Butylobacter zeae Bakonyi. From 
Hungarian maize. 

Clostridium butyricum (Prazmowski- 
Pike-Smyth) Pike and Smyth. From 
spontaneously fermenting corn meal 
mash. 


Clostridium inverto-aeetobutylieum 
Legg and Stile.'<. From soil and front 
plant materials in contact with soil. 

Clostridium propyl-butylicum Muller 
and Ijegg. From soil and from plant ma¬ 
terials in contact with soil. 

ClostridiuPi saccharo-acelobul ylicum 
Stiles and Legg. From soil and from 
plant materials in contact with soil. 

Clostridium saccharo-acetoh utylicum - 
alpha McCoy. From soil. 

Clostridium saccharo-acetobul ylicum- 
beta Arzberger. From soil, rotten wood, 
grain, cornstalks and river mud. 

Clostridium saccharo-acetobat ylicum- 
gamma Arzberger. From soil, rotten 
wood, grain, corn stalks and river mud. 

Clost ridi u m saccharob ut yl-acetonicum 
Loughlin. From potato; found in soil 
and on plant materials grown in or near 
soil. 

Closiridiam saccharobutylicum-gamma 
Izsak and Funk. From rice. 

Clostridium saccharobutyl-isopropyl- 
acetonicum Loughlin. From potatoes, 
grains and other plant materials grown 
in or above soil. 

Clostridium (Bacillus) tetrylixim Owen, 
Mobley and Arroyo. From soil and from 
roots of sugar cane. 

13. Clostridium sporogenes Bergey 
et al. 

Bacillus putrificus verrucosus Zeissler. 
From animals suffering from a Rausch- 
brandlike infection; later from gan¬ 
grenous war wounds. 

Bacillus saprogenes carnis Sal us. 
From human feces by enrichment in 
moat mash medium. 

Bacillus sporogenes coagulans Debono. 
From normal human intestine. 

Paraplectrum foetidum Weigmann. 
From cheese and milk. 

Reading Bacillus, Donaldson and Joyce. 
From gangrenous human war ^rounds. 

20. Clostridium bifermentans Betgey 
et al. 

Bacillus centrosporogenes Hall. From 
a sterility test of tuberculin, from canned 
spinach and from garden soil. 
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BaciUut liqtiefaciens magnuB LRderitz. 
From mice and guinea pigs inoculated 
with garden soil. 

Bacillus nonfermentans Hall and White- 
head. From poisoned African arrow¬ 
heads. 

Bacillus oedematis aporogenes Sordelli. 
From human gaseous gangrene. 

Bacillus putrificua tenuia Zeissler. 
From malignant edema of various animals 
and from human gaseous gangrene. 

BaeiUua aporogenea Joetidua Chouk6- 
vitch. From large intestine of horse. 

Clostridium foetidum Liborius. From 
mice inoculated with garden soil. 

Clostridium foetidum carnia Sal us. 
From human feces by enrichment in 
meat mash medium. 

Clostridium oedematoidea Meleney, 
Humphreys and Carp. From a case of 
human post-operative gaseous gangrene. 

24. Clostridium perfringens Holland. 

Bacille du rhumatisme, Achalme. Iso¬ 
lated by blood culture from human cases 
of acute articular rheumatism. 

Bacillus amylohacter immobilia Gratz 
and Vas. From Liptauer cheese. 

BaciUua cadaveria Sternberg. From 
liver and kidney of a yellow fever cadaver. 

BaciUua cadaveria butyricua Buday. 
From organs of human cadavers undergo¬ 
ing postmortem emphysema. 

BaciUua egena Stoddard. From muscle 
in a fatal case of human gaseous gangrene. 

BaciUua emphyaematia maligni Wick- 
lein. From human gaseous gangrene. 

Bacillus emphyaematia vaginae Linden- 
thal. From human kolpohyperplasia 
eystica or vaginitis emphysematosa. 

Bacillus multiformis Distaso. From 
feces of dog. 

Bacillus ovitoxicus Bennetts. From 
blood, tissues and organs of sheep in 
Australia dying of entero-toxemia. 

BaciUus paludis McEwen. From in¬ 
testines and viscera of sheep in the 
Bomney Marsh in England suffering from 
a disease called struck. 

BaciUus perfringens Veillon and Zuber. 
Originally isolated from pus in human 


appendicitis; later from a variety of 
sources. 

BaciUua phlegmonea emphyaematoaae 
Fraenkel. From human gaseous phleg¬ 
mons; later from a variety of related 
conditions of human beings and animals. 

BaciUua zoodyaeniriae hungaricua 
Detre. Isolated in Hungarj'’ from intes¬ 
tines of diarrheal pigs and lambs. 

Clostridium perfringens var. anaero- 
genes Hauduroy et al. An unnamed cul¬ 
ture isolated by Grooten by blood culture 
from a fatal human septicemia. 

Granulobacillua aaccharobutyricua im¬ 
mobilia liquefaciena Schattenfroh and 
Grassberger. Originally isolated from 
market milk; later from cheese, soil, 
water, human and animal feces, and 
from various grain meals. 

29. Clostridiumparaputrlficum Snyder. 

BaciUua innuiritua Kleinschmidt. 
From stools of newborn infants. 

Plectridium fluxum Pr4vot. From 
feces of nursing newborn infants. 

Plectridium nonum Pr4vot. From em¬ 
physematous muscle of an amputated 
human arm. 

41. Clostridium lentoputrescens Hart, 
sell and Rettger. 

BaciUua cadaveria aporogenes (anaero- 
bicua) Klein. From normal intestines of 
man and animals. 

BaciUus radiatua Luderitz. From 
mice and guinea pigs inoculated with 
garden soil. 

BaciUua tetanoides (B) Adamson. 
From human septic and gangrenous war 
w'ounds. 

43. Clostridium tetanomorphum Ber- 
gey et al. 

BaciUus fragilia Veillon and Zuber. 
From human cases of purulent appendi¬ 
citis. 

BaciUua ramoaua Veillon and Zuber. 
From human cases of purulent appendici¬ 
tis and from pulmonary gangrene. 

45. Clostridium angulosum Hauduroy 
etal. 
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Bacillm anguloaua Gamier and Simon. 
From blood of a child suffering from 
typhoid fever. 

61. Clostridium tertium Bergey et al. 

Bacillus aero-tertiu8 Bulloch et al. 


Isolated from gangrenous human war 
wounds. Stated to be aerobic. 

Badllua gazogenes parvus Choukdvitch. 
From large intestine of horse. 

Bacillus spermoide Ninni. From soil. 
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Suborder II. CAULOBACTBRIINEAB Breed, Murray, and Hitchens.* 

(Caulobacterialea Henrici and Johnson, Jour. Bact., FP, 1935, 3; ibid,, SO, 1935, 83; 
Breed, Murray and Hitchens, Bact. Rev., 8, 1944, 255.) 

Non>filamentous, attached bacteria growing characteristically upon stalks, some¬ 
times sessile. The stalked cells are asymmetrical in that gum, ferric hydroxide or 
other material is secreted from one side or one end of the cell to form the stalk. Mul¬ 
tiply by transverse fission. In some species the stalks are very short or absent. In 
the latter case the cells maybe attached directly to the substrate in a zoogloeic mass. 
Cells occur singly, in pairs or short chains, never in filaments; not ensheathed. Non- 
spore-forming. Typically aquatic in habitat. 

Key to the families of suborder Caulobacteriineae. 

I. Long axis of cell transverse to long axis of stalk; stalks dichotomously branched. 

A. Stalks lobose, composed of gum, forming zoogloea-like colonies. 

Family I. Nevskiaceae, p. 830. 

B. Stalks are bands of ferric hydroxide. 

Family II. Gallionellaceae, p. 830. 

II. Long axis of cell coincides with axis of stalk. 

A. Reproducing by transverse fission, stalks unbranched. 

Family III. Caulobacteriaceae, p. 832. 

III. Sessile, capsulated colonies of cocci and short rods attached to water plants. 

A. Deposit of ferric hydroxide about a zoogloeic mass. 

Family IV. Siderocapsaceae, p. 833. 

As a result of discussions that have taken place since the fifth edition of the Man¬ 
ual was issued, certain readjustments have been made in the arrangement of the 
stalked bacteria. The organisms in all of the typical species are simple rigid bac¬ 
teria which are like ordinary bacteria except that they develop a stalk. For this 
reason the group has been made a suborder of the order Eubacteriales. 

Stanier and Van Niel (Jour. Bact., 4^, 1941,454) emphasize the fact that the family 
Pasteuriaceae includes species which, reproduce by methods (longitudinal fission, 
budding) different from those found in other groups of bacteria, and Henrici and 
Johnson {loc, cit,, 81) state that it is at least doubtful whether these species are 
phylogenetically related to the other stalked bacteria. While waiting for pure cul¬ 
ture studies and a clarification of these relationships, this family has been placed 
in an appendix to the suborder Caulobacteriineae, 

The family Siderocapsaceae has been included in the suborder as the absence of a 
stalk in attached forms is a natural modification. As stated by Cholodny (Die 
Eisenbakterien, Jena, 1926, 34-58), these bacteria are similar in morphology and 
physiology to those found in the family Oallionellaceae, This is an arrangement 
that retains all of the simple non-filamentous types of iron bacteria in one general 
group. 

The stalked bacteria studied by Henrici and Johnson (loc. ctt.) were of fresh water 
origin. Bacteria of this type are found, however, equally if not more abundantly in 
marine habitats where they play their part in starting the fouling of underwater 
surfaces. ZoBell and Upham (Bull. Scripps Inst. Oceanography, La Jolla, Cali- 


* Completely revised by Prof. A. T, Henrici, University of Minnesota, Minneap¬ 
olis, Minnesota, December, 1938; further revision by Prof. Robert S. Breed, New 
York State Experiment Station, Geneva, New York, July, 1946. 
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fornia, 5,1944,263) summarize this situation as follows: ''Many of the bacteria found 
in sea water are sessile or periphytic, growing preferentially or exclusively attached 
to solid surfaces. The sessile habit of marine bacteria is most pronounced when they 
are growing in very dilute nutrient solutions such as sea water to which nothing has 
been added.... Most sessile bacteria appear to attach themselves tenaciously to 
solid surfaces by exuding a mucilaginous holdfast. A few have stalks. Some of the 
sessile bacteria grow on the walls of the culture receptacle without clouding the 
medium itsolf". 

The emphasis placed on the presence of a stalk by Henrici and Johnson {loc, ciL) 
seems artificial. In fact it may be questioned whether mere attachment by a hold¬ 
fast or otherwise is a character of fundamental importance from the taxonomic 
standpoint. Henrici and Johnson's arrangement of these poorly known bacteria, 
however, has certain practical advantages and it has therefore been retained in this 
edition of the Manual with such modifications as seem to be clearly indicated by 
the progress that has been made since their outline was published. 

The submerged slide technique as employed by Henrici (Jour. Bact., 25^ 1933, 277) 
and by ZoBell and Allen (Proc. Soc. Exper. Biol, and Med., SO, 1933,1409) has proved 
to be most useful for studying bacteria that live attached to a substrate. 
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FAMILY I. NEVSKIACEAE HENRICI AND JOHNSON. 

(Jour. Bact.y ^9, 1935, 4; ibid,, SO, 1935, 83.) 

Stalked bacteria, the loog aids of the rod-shaped cells being set at right angles to 
the axis of the stalk. Stalks lobose, dichotomously branched, composed of gum. 
Multiplication of cells by transverse binary fission. Growing in zoogloea-like masses 
in water or in sugar vats. 

There is a single genus Nevskia, 

Oenus I, Nevskia Faminizin. 

(Bui. Acad. Imp. Sci., St. P4tersb., S4, N.S. S, 1892,484.) From the Neva River 
at St. Petersburg. 

Description as for the family. 

The type species is Nevskia ramosa Famintzin. 


1. Nevskia ramosa Famintzin. (Bui. 
Acad. Imp. Sci., St. P^tersb., Ser. IV, 
$4, N.S. S, 1892,484.) From Latin rarno- 
9U8, branched. 

Globular, bush-like or plate-like col¬ 
onies of gummy consistency floating 
upon the surface of water. Colonies 
composed of giunmy material arranged 
in dichotomously branched stalks arising 
from a common base, with the bacterial 
cells contained in the gum, a single cell 
at the tip of each stalk. At times cells 
are set free from the stalks to start new 
colonies. 

Rod-shaped cells set with their long 
axis at right angles to the axis of the 
broad lobe-like stalk. Cells 2 by 6 to 
12 ndcrons, containing a number of 
highly refractile globules of fat or sulfur. 

Multiplication by binary fission. Not 
cultivated on artificial media. 

Source: From the aquarium in the 
Botanical Garden, St. Petersburg. Sim¬ 
ilar but smaller organisms found by Hen- 
rici and Johnson (Jour. Bact., SO, 1935, 
63) in a jar of water from the lily pond 


of the University of Minnesota green¬ 
house in Minneapolis. 

Habitat: Water. 

2. Nevskia pediculata (Koch and Ho- 
saeus) Henrici and Johnson. (Bac¬ 
terium pediculatum Koch and Hosaeus, 
Cent. f. Bakt., 16, 1894, 226; Henrici 
and Johnson, Jour. Bact., SO, 1935, 83.) 
From Latin pediculus, diminutive of pes, 
foot. 

Composed of twisted, short, thick, 
sausage-like strands, often branched. 
These strands are stalks, composed of 
gum. 

The cells occur at the tips of the stalks 
and are smaller than those of Nevskia 
ramosa and are without internal globules. 
Not cultivated. 

This organism is very similar to, and 
may be identical with, the cultivated 
species described and named Betahac- 
terium vermiforme Jby Mayer (Das Tibi- 
Konsortium. Thesis, Utrecht, 1938). 
See p. 362. 

Source: Found growing in the syrup 
of a sugar refinery as zoogloeae. 


FAMILY II. GALLIONELLACEAE HENRICI AND JOHNSON, 

(Jour. Bact., S9, 1935, 4; ibid,, SO, 1935, 83.) 

Stalked bacteria, the long axis of the rod-shaped cells being set at right angles 
to the axis of the stalks. Stalks are slender, twisted bands, dichotomously branched, 
composed of ferric hydroxide, completely dissolving in dilute hydrochloric acid. 
Multiplication of cells by transverse binary fission. Grow in iron-bearing waters. 
There is a single genus QMiondla, 



FAMILY OALLIONELLACEAE 


831 


GenuB I. Gaillonellk Ehrenherg. 

(Ehrenb'erg, Die Infusionsthierchen, 1838) 166; not Oaillonella Bory de St. Vincent, 
Diet. Classique d'Hist. Nat., 4, 1823, 393; Gloeotila Ktttzing, Phycologia Generalis, 
1843, 245; Didymohelix Griffith, Ann. Mag. Nat. Hist., Ser. 2, 12, 1853. 438; Spiro- 
phyllumEWis, Cent. f. Bakt., II Abt., 19, 1907, 502; Nodofolium Ellis, Proc. Roy. Soc. 
Edinburgh, 28, Part 1908, 339.) From an incorrect spelling of the algal genus 
name, Gaillonella. 

Description as for the family. 

The type species is Gallionella ferruginea Ehrenberg. 

Key to the species of genus Gallionella. 

I. Cells kidney-shaped; stalks branched. 

A. Stalks slender, spirally twisted. 

1. Cells small, stalks very slender. 

1. Gallionella ferruginea, 

2. Cells larger, stalks broader. 

2. Gallionella major, 

B. Stalks thick, not definitely in spirals. 

3. Gallionella minor. 

II. Cells oval or round; stalks unbranched. 

4. Gallionella corneola. 

1. Gallionella ferruginea Ehrenberg. II Abt., 19, 1907, 502; Spirophyllum 
(Gaillonella ferruginea Ehrenberg, Vorl. tenuc, Nodofolium ferrugineum, Spiro- 
Mitthcil. ii. d. wirkl. Vorkominenn fossi- soma ferrugineum and Spirosoma sole- 
ler Infusionen u. ihre grosse Vorbreitung, noide Ellis, Proc. Roy. Soc. Edinburgh, 
Ann. Phys., Ser, 2, 8, 1S36, 217; Ehren- 28, Part 5, 1908, 341; also see Cent. f. 
berg, Die Infusionsthicrchen, 1838, 166; Bakt., II Abt., 26, 1910, 321; Gallionella 
Melosira ochracea Ralfs, Ann. and Mag. tacniata Endcrlein, Baktcrien-Cyclo- 
Nat. His., Ser. 1, 12, 1843, 351 (quoted genie, Berlin and Leipzig, 1925, 252.) 
from Buchanan, General Systematic From Latin ferruginus, iron rust. 
Bacteriology, 1925, 363); Gloeotila ferr u- Kidney-shaped bacteria, the cells 0.5 

ginca Kiitzing, Species Algarum, 1849, by 1.2 microns, which secrete colloidal 
363; Didymohelix ferruginea Griffith, ferric hj'droxidc from the concave por- 
Ann. Mag. Nat. Hist., Ser. 2, 12, 1853, tion of the cell, forming band-like stalks. 
438; Gloeosphaera ferruginia Rabonhorst, A rotatory motion of the cells gives rise 
Alg. Mitteleur., no. 387; Iledwigia, 8, to a spiral twisting of the stalks, 
no. 9, 1854, 43; Melosira minutula Breb., In the older studies, the stalks were 
Alg. Fal., 6, 42 (quoted from DeToni described as the organism, the minute 
and Trevisan, see below); Spirulina cells at the tip having been dislodged 
ferruginea Kirchner, Algen, Kryptoga- or at least overlooked. The cells lie 
menflora v. Schlesien, 2, 1, 1878, 250; at the tip of the stalk, and multiply by 
Spirochaete ferruginea Ilansgirg, Oestr. transverse binary fission. This gives 
botan. Ztschr., no. 7-8, 1888, 5; Spirit- rise to a dichotomous branching of the 
him ferrugineum DeToni and Trevisan, stalks. Stalks become very long and 
in Saccardo, Sylloge Fungorum, 8, 1889, slender, with smooth edges. 

1007; Chlamydothrix ferruginea Migula, Not cultivated in artificial media. 

Syst. d. Bakt., 2, 1900, 1031; Spirophyl- Habitat: Cool springs and brooks 

Iwn ferrugineum Ellis, Cent. f. Bakt., which carry reduced iron in solution. 
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2. Gailioiiella major Cholodny. (Trav. 
Station, biolog. du Dniepre Acad, dea 
Sci. da rUkndne, Classe Sci. Phys. et 
Math., 5, Lhna 4, 1927.) From Latin 
ific^or, larger. 

Very similar to Gallionella ferruginea, 
but the cells are distinctly larger (1 by 
3 microns), and, some cells failing to 
divide, reach a length of 7 microns or 
more. These form stalks of double the 
normal width. 

The cells contain one or more vacuoles, 
apparently filled with an iron compound. 

Source: Found in a spring in the Cau¬ 
casus. 

Habitat: Iron-bearing water. 

3. Gallionella minor Cholodny. (Ber. 
d. deutsch. Bot. Ges., 1924, 35.) 
From Latin minors smaller. 

Cells as in Gallionella ferruginea, but 
stalks are shorter, thicker, encrusted 
with nodules of iron and not definitely 
band-like or twisted. 

Habitat: Iron-bearing water. 

4. Gallionella comeola Dorff. (Die 
Eisenorganismen, Pflanzenforschung, 
Heft 16, 1934, 25.) From Latin cor- 
neolus, a little horn. 


Cells spherical or ellipsoidal, or len¬ 
ticular in cross section, 0.5 by 2.5 to 
3.0 microns. 

Stalks short, unbranched, not spirally 
twisted, completely dissolving in dilute 
hydrochloric acid. Stalks slender at 
the base, expanded at the tip, slightly 
curved, 15 to 30 microns long, attached 
to the substrate by a holdfast, 3 to 8 
stalks arising from a single holdfast. 

Habitat: Iron-bearing water. 

Appendix: Additional species of Galli¬ 
onella have been described as follows: 

Gallionella glomerata described by 
Naumann (Kungl. Svenska Vetenskaps- 
akad. Handl., I, 1921, Part 4, 45) 
is not a valid species according to Cho¬ 
lodny (Die Eisenbakterien, Jena, 1926, 
40). From the Aneboda region, Sweden. 

Gallionella reticulosa Butkevich. (Ber. 
d. Wiss. Meeresinst. Moscow, S, 1928, 
58 and 80.) From the White Sea. 

Gallionella sideropovs described by 
Naumann (Kungl. Svenska Vetenskaps- 
akad. Handl., I, 1921, Part 4, 33) 
is not a valid species, according to Cho¬ 
lodny (Die Eisenbakterien, Jena, 1926, 
39). From the Aneboda region, Sweden. 

Gallionella lortuosa Butkevich. (Ber. 
d. wiss. Meeresinst. Moscow, 9, 1928, 
57 and 79.) From the Petschora Sea. 


FAMILY III. CAULOBACTERIACEAE HENRICI AND JOHNSON. 

(Jour. Bact., 29, 1935, 4; ibid,, SO, 1935, 83.) 

Stalked bacteria, the long axis of the elongated cells coinciding with the long axis 
of the stalks. Stalks are slender, flagellum-like, often attached to the substrate by 
a button-like holdfast, unbranched. Multiplication of cells by transverse binary 
fission. The outermost cell of a pair may form a stalk before cell division is com¬ 
plete. Periphytic, growing upon submerged surfaces. 

There is a single genus Caulohacter, 

Genua I, Caulobacter Henrici and Johnson. 

(Jour. Bact., 29, 1935,4; ibid., SO, 1935,83.) From Latin eaulia, stalk and haeter, 
a small rod. 

Description as for the family. 

The type species is Caulobacter vibrioidea Henrici and Johnson. 

1. Caulobacter vibrloides Henrici and Cells elongated, curved, vibrio-like, 
Johnson. (Jour. Bact,, SO, 1935, 84.) with rounded ends, 0.7 to 1.2 by 2.0 to 
From Latin, like a vibrio. 2.5 microns. 
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Growing upon firm substrates in 
water. Not cultivated on artificial 
media. 

Habitat: Water. 

Appendix: Henrici and Johnson (Jour. 
Bact., SOf 1935, 62) list the following as 
possibly belonging in this genus: 

Bacillus flagellatus Omeliansky. 
(Jour. Microbiol. (Russian), /, 1914, 24.) 
Probably the same as the organism de¬ 
scribed by Jones (Henrici and Johnson, 
loc- cit., 62). 


Polar flagellate organism, Jones. 
(Cent. f. Bakt., II Abt., 14, 1905, 450.) 
From water and sewage. 

Vibriothrix tonsillaris Tunnicliil and 
Jackson. (Tunnicliff and Jackson, Jour. 
Inf. Dis., 4^y 1930, 12; see Henrici and 
Johnson, loc. cit., 62.) From tonsil 
crypts. See p. 219 for a different view¬ 
point regarding this species. 

Six additional types are figured but 
not named by Henrici and Johnson 
Hoc. cit., 84). 


FAMILY IV. SIDEROCAPSACEAE PRIBRAM. 

(Tribe Siderocapseae Buchanan, Jour. Bact., 16, 1915, 615; Pribram, Jour. Bact., 
18, 1929, 377.) 

Cells spherical or ovoid. Motile stages, if any, unknown. Not yet cultivated on 
artificial media. Thick capsules enclosing the cells become encrusted with ferric 
hydroxide. Attached to the surface of leaves and other parts of water plants. 


Key to the genera of family Siderocapsaceae. 


I. Cocci, occurring singly and in groups, and embedded in small irregular gelatinous 


masses. 


Genus I. Siderocapsa, p. 833. 

II. Coccobacteria, occurring in chains, and embedded in large gelatinous masses. 

Genus II. Sideromonas, p. 834. 


Genus /. Siderocapsa Molisch. 

(Ann. Jard. Bot. Buitenzorg, 2 S^r., Supp. 3, 1909, 29; also Die Eisenbakterien, 
Jena, 1910, 11.) From Greek sideros, iron and Latin capsa, box. 

One to many spherical to ovoid small cells embedded in a mass of capsular material 
surrounded by ferric hydroxide. Best recognized by staining with Schiff's reagent. 
Motility unknown. Grow attached to the surface of water plants. 

The type species is Siderocapsa treubii Molisch. 


1. Siderocapsa treubii Molisch. (Ann. 
Jard. Bot. Buitenzorg, 2 Sdr., Supp. 3, 

1909, 29; also Die Eisenbakterien, Jena,^ 

1910, 11.) Named for Prof. Treub, the 
director of the tropical garden at Buiten¬ 
zorg, Java. 

Cocci: 0.4 to 0.6 micron in diameter 
embedded in zoogloeal masses sur¬ 
rounded by ferric hydroxide. 

Deposit ferric hydroxide on the sur¬ 
faces of water plants. 

Source: Found attached to the roots, 
root hairs and leaves of water plants 


(ElodeUy NymphaeUy Sagiilaria. Salvinia, 
etc.). 

Habitat: Widely distributed^ on fresh 
water plants. 

2. Siderocapsa major Molisch. (Ann. 
Jard. Bot. Buitenzorg, 2 Sdr., Supp. 3, 

1909, 29; also Die Eisenbakterien, Jena, 

1910, 13.) From Latin major, larger. 
Cells colorless, coccus-like short rods, 

0.7 by 1.8 microns. A colony consists of 
2 to 100 or more cells. 

Similar to Siderocapsa treubii, except 
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that the cells are larger and the gelatin¬ 
ous capsule is less sharply defined. 

Source: Isolated from Spirogyra sp. 

Habitat: Epiphytic on fresh water 
plants. 

Appendix: Two additional species 
have been placed in the genus Sidero- 
eapsa by later investigators: 


Siderocapaa coronata Redinger. 
(Arch. f. Hydrobiol., 1931, 410.) 
From lake water. A free floating form. 

Siderocapsa monoica Naumann. 
(Kungl. Svenska Vetenskapsakad. 
Handl., I, 62, 1921, Part 4, 49; quoted 
from Cholodny, Die Eisenbaktericn, 
Jena, 1926, 69.) Found on Potamogeton 
natans in Sweden. Cells occur singly. 


Genua IL Bideromonas Cholodny. 

(Ber. d. deutsch. Hot. Ges., 40, 1922,326; also Die Eisenbakterien, Jena, 1926,55.) 
From Greek aideroa, iron and monaa, a unit. 

Small cocci or coccobacteria which grow in chains in gelatinous masses containing 
ferric hydroxide attached to thread algae, generally of the genus Conferva. 

The type species is Sideromonaa confervarum Cholodny. 


1. Sideromonas confervarum Cho¬ 
lodny. (Ber. d. deutsch. Bot. Ges., 40, 
1922, 326; also Die Eisenbakterien, Jena, 
1926, 55; Siderocyaiis confervarum Nau¬ 
mann, quoted from Dorff, Die Eisenor- 
ganismen, Pfianzenforschung, Heft 16, 
1934, 13.) From Latin, of the genus 
Conferva. 

Coccobacteria: 0.5 to 0.6 by 0.8 to 0.9 
micron, occurring in chains embedded 
in gelatinous masses, 10 to 100 microns 
in diameter. Chains become visible 
when the gelatinous mass is treated with 
formalin followed by dilute HCl, washed 
in water, and stained with gentian violet 
or carbol fuchsin. No motility ob¬ 
served. 

Form deposits of ferric hydroxide in 
the gelatinous mass surrounding the 
bacteria. 

Source: Found on the surface of thread 
algae in water containing iron salts. 

Habitat: Widely distributed on fresh 
water green algae. 

Appendix : Additional species of simple, 
sessile, non-filamentous bacteria which 
cause deposits of ferric hydroxide have 
been described. The majority are rod- 
shaped bacteria and resemble Sidero¬ 
monaa, The list follows: 

Ferribacteriurn calceum Brussoff. 


(fiirussoff. Cent. f. Bakt., II Abt., 48, 
1918,208; Siderobacter calceum Naumann, 
Kungl. Svenska Vetenskapsakad. 

Handl., I, 62, Part 4, 1921, 53 and 63; 

Bacillus calceua Dc Rossi, Microbiol. 
Agraria e Tcchnica, Torino, 1927, 903.) 
From slime in drainage ditches at 
Aachen. 

Ferribacteriurn duplex Brussoff. 
(Brussoff, Cent. f. Bakt., II Abt,, 48, 
1916, 547; Sideroderma duplex Naumann, 
Kungl. Svenska Vetenskapsakad. 

Handl,, I, 62, Part 4, 1921, 53 and 63; 

Bacterium duplex De Rossi, Microbiol. 
Agraria e Technica, Torino, 1927, 903.) 
A non-motile, diplobacterium from wa¬ 
ter samples from Breslau (Schwentniger 
and Pirschamer). 

Naumanniella minor Dorff. (Die 
Eisenorganismen, Pflanzenforschung, 
Heft 16, 1934, 21.) From iron-bearing 
spring water at Worms (Rhein). 

Naumanniella neusionica Dorff. (Die 
Eisenorganismen, ^ Pflanzenforschung, 
Heft 16, 1934, 20.' From Neuston on 
Tuefelsee near Frcienwalde. Dorff ifoc. 
cit.) indicates this species as the type 
for a new genus Naumanniella. 

Siderobacter duplex Naumann. 
(Kungl. Svenska Vetenskapsakad 
Handl., I, 62, Part 4, 1921, 55.) From 
Aneboda region, Sweden. 
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Siderobacter lineare Naumann (Zoc. cti., 
55). From Anebocla region, Sweden. 
The type species of the genus Sidero- 
hacier. 

Sidcrococcus communu Dorff. (Die 
Eisenorganismcn, Pflanzenforschung, 
Heft 16, 3934, 11.) Widely distributed 
in (lermany, Finland, Russia, Sweden, 
Czechoslovakia and the U. S. A. 

Sidcrococcus limonilicus Dorff {loc. 
cil-). From a swamp iron ore deposit. 
This is the type species of the genus 
Sidcrococcus Dorff {loc. cit.), 

Siderocystis duplex Naumann. (Kungl. 
Svcnska Vctcnskapsakad. Handl., I, 
Part 4,1921,43.) From Aneboda region, 
Sweden. 

Siderocystis minor Naumann {loc. cit., 
13). From Aneboda region, Sweden. 

Siderocystis vulgaris Naumann {loc. 
cit.f 42). From Aneboda region, Sweden. 
The type species of the genus Sidero¬ 
cystis. 

Sideroderma limnelicum Naumann. 


(Kungl. Svenska Vetenskapsakad. 
Handl., I, Part 4, 1921, 32; Ochrobium 
tectum Perfiliev, Verh. d. Internat. 
Vereinigung f. theorct. u. angew. Lim- 
nologie, 1925, Stuttgart, 1927; quoted 
from Dorff, Die Eisenorganismen, Pflan- 
zenforschung, Heft 16, 1934, 18.) From 
Aneboda region, Sweden. The type 
species of the genus Sideroderma. Per¬ 
filiev regards this species as type for a 
new genus, Ochrobium. 

Sideroderma icctangulare Naumann 
(loc. cit., 54). From Aneboda region, 
Sweden. 

Sideroderma ienue Naumann {loc. cit., 
54). From Aneboda region, Sweden. 

Siderothece major Naumann. (Kungl. 
Svenska Vetenskapsakad. Handl., I, 62, 
Part 4,1921,17.) From Aneboda region, 
Sweden. The type species of the genus 
Siderothece. 

Siderothece minor Naumann {loc. cit., 
17). From Aneboda region, Sweden. 
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APPENDIX TO SUBORDER CAULOBACTERIINEAE. 

The family Pastcuriaceae included among the stalked bacteria by Henrici and 
Johnson (loc. cit.) has been placed in this appendix as the organisms belonging to 
the genera Pasteuria and filastocaulis reproduce by methods of fission or budding, 
or both, that are (iifferent fmoi the methods of reproduction found in other bacteria. 
Further information regarding the organisms in these genera is greatly needed. 

FAMILY A. PASTEURIACEAE LAURENT EMEND. HENRICI AND JOHNSON. 

(Laurent, Compt. rend. Aead. Sci., Paris, J, 1890, 754; Henrici and Johnson, Jour. 
Bact., SO, 1935, S4.) 

Stalked bacteria with spherical or pear-shaped cells; if cells are elongated, long 
axis of cell coincides with axis of stalk. Stalks may be very short or absent, but when 
present are usually very fine and at times arranged in whorls attached to a common 
holdfast. Cells multiply by longitudinal fission or by budding, or by both. Mostly 
periphytic, one species is parasitic. 

Key to the genera of faynily Pastcuriaceae. 

I. Stalks lacking, cells sessile. 

Genua I. Pasteuria, p. 83fi. 

II. Stalks long and slender, often in whorls. 

Genus 11. Blastocaulis, p. 836. 


Genus 7. Pasteuria Metchnikoff. 

(Ann. Inst. Past., S, 1888, 166.) Named for Louis Pasteur, the French chemist 
and bacteriologist. 

Pear-shaped cells attached to each other or to a firm substrate by holdfasts se¬ 
creted at the narrow end, multiplying by longitudinal fission and by budding of 
spherical or ovoid cells at the free end. 

The type species is Pasteuria ramosa MetchnikolT. 


1. Pasteuria ramosa Metchnikoff. 
(Ann. Inst. Past., 1888, 465.) From 
Ijatin ramosus, branched. 

Cells grow attached to each other in 
cauliflower-like masses, multiplying by 


longitudinal fission and by intracellular 
spores (?) which are extruded as bud-like 
bodies. 

Habitat: Parasitic in the body cavities 
of Daphriin pulex and Daphnia magna. 


Genus 77. Blastocaulis Henrici and Johnson, 

(Jour. Bact., SO, 1935,84.) From Greek blastos, bud, germ and Latin caulis, stalk. 

Pear-shaped or globular cells attached to a firm substrate by long slender stalks 
with a holdfast at the base. Stalks may occur singly or may arise in clusters from a 
common holdfast. Growing on firm substrates in fresh water. Not cultivated on 
artificial media. 

The type species is Blastocaulis sphaerica Henrici and Johnson. 


1. Blastocaulis sphaerica Henrici and istically by budding, often staining 

Johnson. (Jour. Bact., SO, 1935, 84.) deeply at the free pole and faintly at the 

From Latin sphaera, sphere. at tached pole, 1 to 2 microns in diameter. 

Cells spherical, multiplying character- Habitat: Water. 
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Appendix: Henrici and Johnson {loc. 
dLi 84) figure but do not name four addi¬ 
tional types of these organisms which 
they regard as additional species belong¬ 
ing to this genus. 

Stanier and Van Niel (Jour. Bact., 42 ^ 
1941, 464) regard the following as be¬ 
longing to this group: 

Hyphomicrohitm viUgare Stutzer and 
Hartleb. (Saltpcterpilz, Stutzer and 
Hartleb, Cent. f. Bakt., II Abt., 
5, 1897, 621; Stutzer and Hart¬ 
leb, Untersuchungen iiber die bei der 
Bildung von Saltpeter beobachteten 
Mikroorganismen, I Abt. Mittheil. land- 
wirtsch. Inst. Univ. Breslau, 1898, abst. 
in Cent. f. Bakt., II Abt., 5, 1899, 678.) 


From tap water and soil. The position 
of this organism in relation to other 
Schizomycele8 is very uncertain. It is 
regarded by Boltjes (Arch, f. Mikrobiol., 
7, 1936, 188) as an organism which may 
be transitional between Schizomycetes 
and Phycomyceies. The cells possess 
structures which appear to be polar fla¬ 
gella; but with dark field illumination 
show an attached thread of ultramicro- 
scopic size. Reproduction by cell divi¬ 
sion was not observed. Possibly this 
may be by budding from the attached 
thread. Associated with Niirobacter 
spp. This is the type species of the 
genus Hyphomicrobium Stutzer and 
Hartleb. 
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Suborder III. Rhodobactbriinbab Breed, Murray and Hitchens.* 

(Family Rhodobacteriaceac Migula, Syst. d. Bakt., 2, 1900, 1042; Breed, Murray 
and Hitchens, Baot. Rev., 8, 1944, 257.) 

Cells spherical, rod-, vibrio-, or spiral-shaped. Size of individual cells from less 
than 1 to over 20 microns. Motility, when exhibited, due to the presence of polar 
flagella. Gram-negative so far as known. No cndospores formed. Red, purple, 
brown or green bacteria which contain bacteriochlorophyll or other chlorophyll-like 
green pigments, and usually also possess one or more carotenoid pigments. Capable of 
carrying out a photosynthetic metabolism which differs from that of green plants in 
that it does not proceed with the evolution of oxygen, and depends upon the presence 
of extraneous oxidizable compounds which are dehydrogenated with the simultaneous 
reduction of carbon dioxide. As oxidizable substrates a variety of simple substances 
can be used, such as sulfide, or other reduced sulfur compounds, molecular hydrogen, 
alcohols, fatty acids, hydroxy- and keto-acids, etc. All can be grown in strictly 
anaerobic cultures when illuminated. Those members which can grow in the pres¬ 
ence of air can also be cultured in the dark under aerobic conditions. Color depends 
markedly on environmental conditions; small individuals appear colorless unless 
observed in masses. May contain sulfur globules. Described species have largely 
been found in fresh water habitats. Some species occur in marine habitats. 

Key to the families of suborder Rhodobacteriineae. 

1. Purple bacteria whose pigment system consists of bacteriochlorophyll and vari¬ 
ous carotenoids capable of carrying out a photosynthetic metabolism. 

A. Contain sulfur globules in the presence of hydrogen sulfide. The sulfur purple 

bacteria. 

Family I. Thiorhodaceae^ p. 841. 

B. Do not contain sulfur globules even in the presence of hydrogen sulfide. All 

require organic growth factors. The non-sulfur purple and brown bacteria. 

Family II. Athiorhodaceae, p. 861. 

II. Green sulfur bacteria containing a pigment system which has the characteristics 
of a chlorophyllous compound although it differs from the chlorophyll of green 
plants and from the bacteriochlorophyll of the purple bacteria. 

Family III. Chlorobacteriaceae, p. 869. 

The organisms previously included in the order Thiobacteriales Buchanan do not 
constitute a taxonomic entity; they represent rather a physiological-ecological com¬ 
munity. In this sense, however, a special treatment of this group as a unit has de¬ 
cided advantages from a determinative point of view. 

When first proposed as a systematic assemblage, the order Thiobacteria Migula 
(Syst. d. Bakt.,;^, 1900,1039) was intended to include the morphologically conspicuous 
organisms which, in their natural habitat, contain globules of sulfur as cell inclusions. 
Since Winogradsky (Beitr. z. Morph, u. Physiol, d. Bact., I, Schwefelbacterien, 1888) 
had elucidated the function of hydrogen sulfide and of sulfur in their metabolism, the 
characteristic inclusions appeared linked with a hitherto unrecognized type of 
physiology, viz. the oxidation of an inorganic substance instead of the decomposition 
of organic materials. From this oxidation the sulfur bacteria derive their energy 
for maintenance and growth. 


* Completely revised by Prof. C. B. van Niel, Hopkins Marine Station, Pacific 
Grove, California, Januaiy, 1944. 
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Two groups of sulfur bacteria could be distinguished, one consisting of colorless, 
the other of red or purple organisms. The members of both groups presented an un¬ 
usual morphology apart from the sulfur droplets; in all cases the individual cells 
were considerably larger than those of the common bacteria, while many species 
grew as distinctive colonial aggregates. Migula separated these sulfur bacteria into 
two families, Beggiatoaceae and RhodohcLcUriaceae, Even at that time, however, 
some difficulties existed as to just what organisms should*properly be considered as 
sulfur bacteria. Miyoshi (Jour. Coll. Sci., Imp. Univ., Tokyo, JO, 1807, 143) had 
discovered a bacterium which forms stringers, incrusted with sulfur, in sulfur springs, 
but which does not Store sulfur globules in its cells. Although physiologically t h ^ s 
organism appeared to comply with Winogradsky^s concept of a sulfur bacterium, the 
absence of the typical cell inclusions made Miyoshi decide it could not be considered 
as such. The problem was aggravated when Nathansohn, Beijerinck, and Jacobsen 
published their studies on small, colorless, PaeudomonasAike bacteria capable of 
oxidizing hydrogen sulfide, sulfur, and thiosulfate, and evidently dependent upon 
this oxidation process for their development. Morphologically these organisms 
have little in comriion with the Beggiatoaceae\ they were designated by Beijerinck as 
species of Thiohacilbts and have since been rightly considered as members of the order 
Bubnetertales (see p. 78). Nevertheless, these organisms are physiologically in no 
way different from the Beggiatoaceae^ so that if physiology only is considered, a good 
case could be made out for their incorporation in the Thiohacieriales. 

Furthermore, Molisch (Die Purpurbakterien, Jena, 1907,95 pp.) described in some 
detail a number of bacterial species which, in view of their characteristic pigment 
system, appeared closely related to the Rkodobacteriaceae, but which develop only 
in organic media and are, therefore, not sulfur bacteria in the sense of Winogradsky 
or Migula. In stressing the importance of pigmentation Molisch combined the red 
sulfur bacteria and the newly discovered purple bacteria into an order Rhodohacteria 
with the two families Thiorhodaceae and Athiorhodaceae, It is this grouping that 
has been followed in the present edition of the Manual. 

Only a very small number of typical sulfur bacteria have been studied in pure 
cultures. As a result the descriptions of genera and species rest mainly on observa¬ 
tions made with collections from natural sources or crude cultures. Most investi¬ 
gators have implicitly accepted differences in cell size or in colonial appearance as 
a sufficient justification for establishing independent species. Evidently this proce¬ 
dure presupposes a considerable degree of constancy of such characteristics in the 
organisms in question. It is true that Winogradsky^s investigations have provided 
a reasonable basis for this belief, but later studies with pure cultures of certain purple 
bacteria have established beyond a doubt that environmental conditions, such as 
composition of the medium and temperature, may exert a profound influence on the 
general morphology of these organisms. By this, it is not intended to infer that the 
previously proposed genera and species of sulfur bacteria should be abandoned. But 
it does follow that a cautious evaluation of the distinguishing features is necessary. 
In the absence of carefully conducted investigations on morphological constancy and 
variability of most of the previously recognized species of sulfur bacteria with pure 
cultures grown under a variety of external conditions, the best approach appears to 
be a tentative arrangement of these organisms based upon those characteristics which 
are readily ascertainable. Experience with this group over the past twenty years 
hft ff shown that, while Winogradsky's fundamental work must remain the foundation 
'of present taxonomic efforts, it is advisable to simplify the much more elaborate 
classification developed by Buchanan which was followed in previous editions of this 
Manual. 
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Certain genera of sulfur purple bacteria, created by Winogradsky, will very prob* 
ably be consolidated when detailed information concerning the morphology of the 
organisms is available. Until such time it seems, however, best to retain most of 
them, even though the distinguishing characteristics are not always very clear. For 
the benefit of those >vho are familiar with previous methods of classification it will 
be indicated where deviations have been adopted. 

The non-sulfur purple bacteria (Athiorhodaceae Molisch; Rhodobacterioideae 
Buchanan) have been subjected to a comparative morphological and physiological 
study comprising more than 150 strains, among which all previously proposed genera 
and species are represented (Van Niel, Bact. Rev., 8,1044,1-118). It has been found 
that the characteristics upon which Molisch based the seven genera of this group are 
inadequate, and a new classification with only two distinguishable genera has been 
propoi^. This system will be followed here. 

Nadson (Bull. Jard. Imper. Bot., St. Petersburg, 18,1912,64) described a new type 
of small, green bacteria, not containing sulfur globules in the presence of hydrogen 
sulfide, but e.xcreting elementary sulfur. These appear incapable of oxidizing sulfur 
compounds other than sulfides. They are photosynthetic and are capable of growing 
in anaerobic culture when illuminated. The green pigment differs from the green 
plant chlorophylls and from the bacteriochlorophyll of the purple bacteria, but has 
the characteristics of a chlorophyllous compound. These are grouped in the family 
CfUorohaeteriaeMoe . 
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FAMILY I. THIORHODACEAE MOLISCH. 

(Molisch, Die Purpurbakterien^ Jena, 1907, 27; Subfamily Chromatioideae Bu¬ 
chanan, Jour. Bact., 5, 1918, 464; Rhodo-Thiobacieria Bavendamm; Die farbloaen 
und roten Schwefelbacterien, Pflanzenforschung, Heft 2, 1924, 102; Rhodothiobac- 
teria Bavendamm, Ergeb. Biol., IS, 1936,49.) 

Unicellular organisms, often developing as cell aggregates or families of variable 
sixe and shape. Single cells have the form of spheres, ovoids, short rods, vibrios, 
spirals, long rods or, occasionally, chains. They occur in nature in environments 
containing sulfides and require light for their development; infra-red irradiation of 
a wave-length extending to about 900 millimicrons is effective. They produce a pig¬ 
ment system composed of green bacteriochlorophyll, and yellow and red carotenoids. 
As a result they appear as pale purple, brownish to deep red cell masses. Single 
cells, unless they are of considerable size, usually appear to be unpigmented. These 
are anaerobic or microaerophilic organisms, with a photosynthetic metabolism in 
which carbon dioxide is reduced with the aid of special hydrogen donors without the 
liberation of molecular oxygen. Where these organisms are found in nature, hydro¬ 
gen sulfide acts as a hydrogen donor, and sulfur, the first intermediate oxidation 
product, accumulates as sulfur droplets in the cells. Probably all members of the 
group can utilize a number of organic substances other than hydrogen sulfide as hy¬ 
drogen donors for photosynthesis. Thus they are potentially mixotrophic. 

Characterization of the genera in this group has since Winogradsky’s studies 
(Beitr&ge zur Morphologic und Physiologic der Schwefelbacterien, Leipzig, 1888) 
been based upon the mode of development of the cell aggregates. Pure culture 
studies (Bavendamm, Die farblosen und roten Bakterien, I. Schw^efelbakterien, 
Pflanzen^rschung, Heft 2,1924, 74 pp.; van Niel, Arch. f. Mikrobiol., 3, 1931,1-112; 
Manten, Antonie van Leeuwenhoek, 8, 1942,164 pp.) have since showm that not only 
the sequence of events in the formation of the aggregates but also the appearance 
and form of the latter even including the size and shape of the component cells are 
influenced to a considerable extent by environmental conditions. This obviously 
casts doubt upon the usefulness of the previously used diagnostic criteria for genera 
and species. On the other hand, the scope of pure culture studies has not yet at¬ 
tained sufficient breadth to warrant the use of a different approach. As a provi¬ 
sional measure, Winogradsky’s genera are therefore maintained. Even the larger 
taxonomic units must be regarded as being of tentative value only. 


Key to the genera of the family Thiorhodaceae. 


I. Cells usually combined into aggregates. 

A. Cells grouped as regular sarcina packets. 

Genus 1. Thioearcina, p. 842. 


B. Cells not in sarcina packets. 

1. Aggregates in the form of a flat sheet. 

a. Cells in regular arrangement, with tetrads as the conunon structural 
unit. 


Genus II. Thiopedia, p. 843. 
aa. Cells in irregular aggregates. 

Genus III. Thioeapea, p. 844. 
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2. Aggregates in the form of three-dimensional masses. 

a. Cells distinctly rod-shaped, and arranged in a net-like structure. 

Genus IV. Thiodictyorty p. 845. 

aa. Cells not so arranged. 

b. Cells in a common capsule, individuals rather scattered and 
loosely grouped. 

Genus V. Thiotheccy p. 846. 
bb. Cells in rather dense clumps. 

c. Aggregates embedded in conspicuous common slime capsule, 

d. Aggregates small, compact, often several of them enclosed 
together in a common capsule. 

Genus VI. ThiocystiSy p. 846. 

(id. Aggregates large and solid, later break up into small 
clusters. 


Genus VII. Lamprocystis, p. 847. 
cc. Common capsule lacking or very transient. 

d. Aggregates as a whole exhibit amoeboid movements. 

' Genus VIII. Amoebobacter, p. 848. 
dd. Aggregates devoid of amoeboid movements. 

Genus IX. Thiopolycoccus, p. 850. 

II. Cells usually occurring singly. 

A. Cells clearly spiral-shaped. 

Genus X. Thiospirillum, p. 850. 

B. Cells not spiral-shaped. 

1. Cells irregular, often swollen, distorted, or composed of long, crooked and 

bent rods to filaments. 

Genus XI. Rhabdomonas, p. 853. 

2. Cells regular, spherical to short rods or bean-shaped. 

a. Cells spherical, as a rule non-motile, and each one surrounded by a 
rather wide capsule. 

Genus XII. Rhodothece, p. 855. 

aa. Cells ellipsoidal, ovoid, short rods or vibrios, actively motile. 

Genus XIII. Chromatium, p. 856. 


Genus I. Thiosarcina Winogradsky, 

(Winogradsky, Zur Morphologic und Physiologic der Bacterien, I. Schwefelbac- 
terien, Leipzig, 1888, 104; Rhodosarcina Orla-Jensen, Cent. f. Bakt., II Abt., SIS, 
1909, 344; Rhodothiosarcina Ellis, Sulphur Bacteria, London and New York, 1932, 
163.) From Greek theion, sulfur and Latin sardna, bundle, packet. 

Individual cells spherical, forming regular cubical packets of sarcina-shape, re¬ 
sulting from consecutive division in three perpendicular planes. Packets commonly 
containing 8 to 64 cells. Motility infrequent. Non-spore-forming. Contain bac- 
teriochlorophyll and carotenoid pigments, hence, pigmented purplish to red. Ca¬ 
pable of carrying out a photosynthetic metabolism in the presence of hydrogen sul¬ 
fide, cells then store sulfur globules. Anaerobic. 

The type species is Thiosarcina rosea (Schroeter) Winogradsky. 


1. Thiosarcina rosea (Schroeter) Win- 1886, 154; Sarcina sulphuraia Winograd- 
ogradsky. (Sarcina rosea Schroeter, sky, Bot. Ztg., 4^, 1887, 576; Winograd- 
Kryptog. Flora von Schlesien, 5, 1, sky, Zur Morphologic und Physiologic 
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i\er Bchwefelbactericn, Leipzig, 1888, 
104; Rhodoihioaarcina rosea Ellis, Sul¬ 
phur Bacteria, London and New York, 
1032, 163.) From Latin roeeuR, rose- 
colored. 

Cells spherical, 2 to 3 microns in diam¬ 
eter, occurring in packets containing 
8 to 64 cells. Infrequent motility. 
Color ranging from purplish-rose to 
nearly black. 


Anaerobic. 

Habitat: Mud and stagnant bodies of 
water containing hydrogen sulfide and 
exposed to light; sulfur springs. 

Distribution: Probably ubiquitous. 
One of th6 less frequent among the pur¬ 
ple sulfur bacteria. 

Illustration: issatchenko, Rechcrches 
sur les microbes de l’oc6an glacial arc- 
tique, Petrograd, 1914, Plate II, fig. 5. 


Genua II. Thlopedla Winogradaky. 

(Zur Morphologic und Physiologic der Bacterien, I. Schwefelbacterien, Leipzig, 
1888, 85.) From Greek iheion sulfur and pedion, plane. 

Individual cells spherical to short rod-shaped, the latter shortly before cell divi¬ 
sion. Arranged in flat sheets with typical tetrads as the structural units. These 
arise from divisions of the cells in two perpendicular directions. Cell aggregates of 
various sizes, ranging from single tetrads to large sheets composed of thousands of 
cells. Motility infrequent. Non-spore-forming. Contain bacteriochlorophyll and 
carotenoid pigments. Capable of photosynthesis in the presence of hydrogen sul¬ 
fide, and then storing sulfur globules. Anaerobic. 

The type species is Thiopedia roaea Winogradsky. 


1. Thiopedia rosea Winogradsky. 
(Enjihroconia liiioralih Oerstedt, Na- 
turhist. Tidskrift, S. 1840-1841, 655; 
Meriamopedia lUioralis Habenhorst, 
Flora Europaea Algarum, Leipzig, 2, 
1S65, 57; Winogradsky, Zur Morphologic 
und Physiologic der Schwefelbacterien, 
Leipzig, 1888, 85; Pediococcua roaeua 
Trevisan, I gencri o Ic specie delle Bat- 
tcriacee, Milan, 1889, 28; Lampropedia 
roaea DeToni and Trevisan, in Saccardo, 
Syllogc Fungorum, 8, 1889, 1049; Plano- 
coccua roaeua Migula, in Engler and 
Prantl, Die nattirlichen Pflanzenfami- 
lien, /, la, 1895,19.) From Latin roaeua^ 
rose-colored. 

Size: 1 to 2 microns, often appearing 
as slightly elongated cocci regularly 
arranged in platelets. Color, pale red 
to nearly black, depending upon the 
amount of sulfur stored. Red color 
visible only with large cell masses, not 
in individuals. 

According to Winogradsky, the cells 
are often embedded in a common slime 
capsule; the extensive studies of Uter- 
m6lil (Archiv f. Hydrobiol., SuppL Vol. 


5, 1925, 261-276) make the regular occur¬ 
rence of such capsules extremely doubt¬ 
ful. On the other hand, Utcrmdhl em¬ 
phasizes as quite characteristic the 
common presence of a relatively large 
pseudovacuolo, or aerosome, in the cells 
of this species encountered in plankton 
samples. Winogradsky does not men¬ 
tion this; nevertheless, it api)ears to be 
a regular and valuable distinguishing 
feature. 

Anaerobic. 

Habitat: Mud and stagnant bodies of 
fresh, brackish and salt water containing 
hydrogen Sulfide and exposed to light; 
sulfur springs. 

Distribution: Ubiquitous. Common, 
frequently giving rise to very extensive 
mass developments. 

Illustrations: Warming, Videnskab. 
Meddel. naturhist. Forening, Kjdben- 
havn, 1876, Plate VIII, fig. 2; Winograd¬ 
sky, loc. cii., Plate III, fig. 18; Prings- 
heim, Naturwissensch., 80,1932,481, the 
last one a truly excellent photomicro¬ 
graph. 
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Appendix: The following genus was formerly placed near Thiopedia. Winograd* 
sky, Migula, E. F. Smith and others disregard this genus. A record is included here 
because of its historic interest. 


Genus A. Lampropedia Schroeter. 

(Schroeter, in Cohn, Kryptog. Flora v. Schlosien, 5, 1, 1886, 151.) From Greek 
lamproa, bright and pedion, plane. 

Trevisan (I generi e le specie delle Batteriacee, 1880,28) and DeToni and Trevisan 
(in Saccardo, Sylloge Fungoruih, 8,1889, 1048) list as synonyms: Eryihroconis Oer¬ 
sted, Naturhistorisk Tidsskrift, 8, 1840, 555; in part, Pediococcus Lindner, Tnaug. 
Diss., Berlin, 1887,97; Thiopedia Winogradsky, Schwcfelbacterien, Leipzig, 1888,85. 

Cells united into tetrads, forming flat, tubular masses, contain sulfur globules 
and bacteriochlorophyll and yellow and red carotenoids. 

The type species is Lampropedia hyalina (Ehrenberg) Schroeter. 


1. Lampropedia hyalina (Ehrenberg) 
Schroeter. (Gonium hyalinum Ehren¬ 
berg, Abhandl. d. Berl. Akad., 1830; 
Merismopedia hyalina KOtzing, Species 
Algarum, 1849; Sarcina hyalina Winter, 
in Rabenhorst, Kryptogamen-FIora, 2 
Aufl., 1, 1884, 51; Schroeter, in Cohn, 
Kryptogram. Flora v. Schlesien, S, 
1886,151; Pediococcus hyalinus Trevisan, 
1 generi e le specie delle Batteriacec, 
1889, 28; Micrococcus hyalinus Migula, 
Syst. d. Bakt., 8, 1900, 195.) From 
swamp water and decomposing materials 
from sugar refinerios. 

2. Lampropedia reitenbachii (Caspary) 
DeToni and Trevisan. (Merismopedium 
reitenbachii Caspary, Schriften d. phy- 
sik. 6kon. Gesellsch. zu Kdnigsberg, 15, 
1874, 104; Sarcina reitenbachii Winter, 
in Rabenhorst, Kryptogamen-FIora, 2 
Aufl., /, 1884, 50; Pediococcus reichen^ 
hachii (sic) Trevisan, I generi e le specie 
delle Batteriacee, 1889, 28; DeToni and 


Trevisan, in Saccardo, Sylloge Fungo- 
rum, 8, 1889, 1048.) Found on rotting 
water-plants. 

3. Lampropedia violacca (Breb.) De¬ 
Toni and Trevisan. (Agmenellum viola- 
ceum Brcb., quoted from DeToni and 
Trevisan, in Saccardo, Sylloge Fungo- 
rum, 8, 1889,1049; Merismopedia violacea 
Ktttzing, Species Algarum, 1849, 472; 
Pediococcus violaceus Trevisan, I generi 
e le specie delle Batteriacee, 1889, 28; 
DeToni and Trevisan, loc. cit., 1048.) 
From stagnant water. Common. 

4. Lampropedia ochracea (Metten- 
heimer) DeToni and Trevisan. (Meris¬ 
mopedia ochracea Mettenheimer, Ab¬ 
handl. d. Senkemberg. naturforsch. 
Gesellsch. in Frankf., 2, 1856-58, 41; 
DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889,1049.) From 
the yellowish slime from a well at Frank¬ 
furt. 


Genus 111, Thiocapsa Winogradsky, 

(Schwefelbacterien, Leipzig, 1888, 84.) From Greek theion, sulfur and Latin 
eapsa, contidner, capsule. 

Celia spherical, occurring in families of irregularly arranged individuals held 
together in a common slime capsule. The aggregates are spread out flat on the sub¬ 
strate. Motility not observed. As the colony grows, .the capsule bursts, and the 
cells are spread apart* General morphology and development thus appears similar 
to that in the genus Aphanocapsa among the blue-green algae. Contain bacterio¬ 
chlorophyll and carotenoid pigments; capable of photosynthesis in the presence of 
hydrogen sulfide. Under such conditions sulfur is stored in the form of globules in 
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the cells. This genus is so much like Thiothece that it is doubtful whether a distinc¬ 
tion can be maintained. 

The type species is Thiocapsa roseoperaicina Winogradsky. 


Key to the species of genus Thiocapsa* 

I. Individual cells about 3 microns in diameter. 

1. Thiocapsa roseopersicina, 
II. Individual cells about 1.5 microns in diameter. 

2. Thiocapsa floridana. 


1. Thiocapsa roseopersicina Winograd¬ 
sky. (Schwefelbacterien, Leipzig, 1888, 
84.) From Latin roseus, rose-colored 
and persicurn, peach; M.L., peach- 
colored. 

Cells: Spherical, 2.5 to 3 microns in 
diameter, occurring in families of irregu¬ 
larly arranged individuals held together 
in a common slime capsule. Motility 
not observed. Usually a distinct rose- 
red. Stored sulfur droplets may attain 
a considerable size. 

Habitat: Mud and stagnant bodies of 
water containing hydrogen sulfide and 
e.\posed to light; sulfur springs. 

Illustration: Winogradsky, lor. cit., 
Plate IV, fig. 15. 

2. Thiocapsa floridana Uphof. (Uphof, 


Arch. f. Hydrobiol., 18, 1927, 84; Thio^ 
capsa minima Issatchenko, Borodin Ju¬ 
bilee Volume, p. 6, 1929?.) From the 
locality, Florida, where the organism 
was first found. 

Cells: Spherical. About 1.5 microns 
in diameter. In groups of irregular 
colonies, each surrounded by a common 
capsule, several colonies being stuck 
together. Motility not observed. 

Source: Palm Springs, Florida and 
Lake Sakskoje, near Eupatoria, Crimea. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. Probably ubiqui¬ 
tous. 

Illustration: Uphof, loc. cit., 83, 
fig. VI. 


Genus IV. Thiodictyon Winogradsky. 

(Winogradsky, Schwefelbacterien, Leipzig, 1888, 80; Rhododiclyon Orla-Jensen, 
Cent. f. Bakt., II Abt., 82, 1909, 334.) From Greek theion, sulfur and dictyon, net. 

Cells rod-shaped, frequently with pointed ends, somewhat resembling spindles. 
Form aggregates in which the cells become arranged end to end in a net-like struc¬ 
ture, somewhat reminiscent of the shape of the green alga Hydrodictyon. The shape 
is not constant; cells may also form more compact masses. Sometimes groups of 
cells separate from the main aggregate by active inovemenls. Common gelatinous 
capsule not observed. Contain bacteriochlorophyll and carotenoid pigments; cells 
usually very faintly colored. Capable of photosynthesis in the presence of hydrogen 
sulfide; the cells then store sulfur as small globules. 

The type species is Thiodictyon elegans Winogradsky. 


1. Thiodictyon elegans Winogradsky. 
(Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888, 80; Thiodictyon minus Issat¬ 
chenko, Recherches sur les microbes de 
Toedan glacial arctique, Petrograd, 1914, 
251.) From Latin elegans, tasteful, 
elegant. 

Rods: 1.5 to 1.7 by 2.5 to 5 microns; or 


longer just prior to cell division. Usu¬ 
ally contain a large pseudovacuole 
(aerosome), leaving a rather thin proto¬ 
plasmic sheath along the cell wall. 

Sulfur droplets: Generally quite small, 
and deposited exclusively in the thin 
protoplasmic layer. 
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Issatchenko (fitudes miorobiologiques 
des Lacs de Boue, Leningrad, 1927, 113- 
114) recognizes a forma minus and a 
forma magna, differentiated mainly by 
the size of the individual rods. 


Habitat: Mud and stagnant water, con¬ 
taining hydrogen sulfide, and exposed 
to light; sulfur springs. 

niustrations: Winogradsky, loc,, cit., 
Plate III, fig. 13-17. 


Oenus V. Thiothece Winogradsky, 

(Winogradsky, Schwefelbacterien, Leipzig, 1888, 82; Thiosphaera Miyosldt Jour. 
Coll. Sci., Imp. Univ. Tokyo, Japan, 10, 1897,170.) From .Greek theion, sulfur and 
theke, container. 

Purple sulfur bacteria which, in their growth characteristics, resemble the blue- 
green alga Aphanothece, Cells spherical to relatively long cylindrical-ellipsoidal, 
embedded in a gelatinous capsule of considerable dimensions. Following cell divi¬ 
sion the daughter cells continue to secrete mucus which causes the individual bac¬ 
teria to remain clearly separated by an appreciable distance; the common capsule 
thus appears only loosely filled. The cells may become actively motile and separate 
themselves from the colony. Such swarmers closely resemble the cells of certain 
species of Chromatium, Contain bacteriochlorophyll and carotenoid pigments. Ca¬ 
pable of photosynthesis in the presence of hydrogen sulfide, producing elementary 
sulfur as an intermediate oxidation product which is stored as sulfur globules inside 
the cells. 

The type species is Thiothece gelatinosa Winogradsky. 


1. Thiothece gelatinosa Winogradsky. 
(Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888, 82; Thiosphaera gelatinosa 
Miyoshi, Jour. Coll. Sci., Imp. Univ. 
Tokyo, Japan, 10, 1897, 170; Lampro- 
cystis gelatinosa Migula, Syst. d. Bakt., 
F, 1900, 1044; Chromatium sphaeroides 
Hama, Jour, Sci. Hiroshima Univ., Ser. 
B, Div. 2, Bot., 1, 1933, 158.) From 
Latin gelatio, freezing, indicating solidi¬ 
fication or clumping. 

Cells: 4 to 6 by 4 to 7 microns, spherical 


to cylindrical. Color of individual cells, 
faint, often grayish-violet, or even dirty 
yellowish. Sulfur globules usually de¬ 
posited in outermost layers of proto¬ 
plasm, and generally small. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Winogradsky, loc, ciL, 
PI. Ill, fig. 9-12; Miyoshi, loc. cit., PI. 
XIV, fig. 26. 


Genus VI. Thlocystis Winogradsky. 

(Schwefelbacterien, Leipzig, 1888,60.) From Greek theion, sulfur and kystis, sac, 
bladder. 

Purple sulfur bacteria which form compact colonies, many of which may be loosely 
embedded in a common gelatinous capsule. Individual cells spherical to ovoid, 
often diplococcus-shaped. Colonies may emerge as more or less large units from out 
of the common capsule and break up afterwards, sometimes into single swarmers; 
or the aggregates may split up inside the original capsule, and release small motile 
units or single swarmers. In pure cultures frequently developing as single cells and 
diplococci. Produce bacteriochlorophyll and carotenoid pigments, coloring the 
cell masses purplish to red. Capable of photosynthesis in the presence of hydrogen 
sulfide^ whereby elementary sulfur is formed as an intermediate oxidation product 
which is depodted as droplets inside the cells. 



FABOLY THIOBHODACBAE 


847 


The type species is Thioeyslis violacea Winogradsky. 

Key to the apeciee of genua Thiocystis. 

I. Individual cells more than 2 microns in width. 

1. Thiocyatia violacea, 

II. Individual cells about 1 micron or less in width. 

2. Thiocyatia tufa, ' 


1. Thiocystis violacea Winogradsky. 
(Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888, 65; Planoaarcina violacea 
Migula, in Engler and Prantl, Die na- 
tttrl. Pdanzenfamilien, /, la, 1895, 20.) 
From Latin violaceua, violet-colored. 

Cells: About 2.5 to 5.5 microns in 
diameter, spherical to ovoid. Swarmers 
actively motile by means of polar fla¬ 
gella. 

Colonies: Small, inside a common cap¬ 
sule, containing not over 30 cells. Sev¬ 
eral such colonies form loosely arranged 
aggregates, most characteristically com¬ 
posed of about 10 to 20 colonies in a single 
capsule. The result is a nearly spherical 
zoogloea. In small colonies, the cells 
appear as rather distinct tetrads; in 
larger colonies, the cells become some¬ 
what compressed and the tetrad-like 
arrangement may be lost. 

In pure cultures, the species often fails 
to produce the characteristic capsules; 
the organisms then occur as actively 
motile single cells or diplococci, with 


little or no slime formation. No pseudo- 
capsules are formed. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulflde and exposed to 
light; sulfur springs. 

Illustrations: Zopf, Zur Morphologic 
der Spaltpflanzen, Leipzig, 1882, PI. V, fig. 
12; Winogradsky, loc. dl.^ PI. II, Fig. 1-7. 

2. Thiocystis rufa Winogradsky. 
(Schwefelbacterien, Leipzig, 1888, 65.) 
From Latin rufua, red. 

Cells: Less than 1 micron in diameter. 
Color red, usually darker than in the 
type species. When the cells are stuffed 
with sulfur globules, the aggregates 
appear almost black. 

The common gelatinous capsule usu¬ 
ally contains a far greater number of 
closely packed individual colonies than 
is the case in Thiocyatia violacea. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustration: Winogradsky, loc, cil,, 
Pi. II, fig. 8. 


Genua VII, Lamprocystls Schroeter, 

(In part, Clathrocystis Cohn, Beitr. Biol. Pfl., /, Heft 3, 1875,156; in part, Cohnia 
Winter, in Rabenhorst, Kryptogamen-Flora, 2 Aufl., 1884, 48; Schroeter, Die Pilze 
Schlesiens, in Cohn, Kryptogamen-Flora von Schlesien, 5, 1,1886,151; Cenomeaiat 
de Toni and Trevisan, in Saccardo, Sylloge Fungorum, 8, 1889, 1039; Lankasteron 
Ellis, Sulphur Bacteria, London and New York, 1932, 135.) From Greek lamproa, 
bright, shining, and kyatia, sac ci bladder. 

Purple sulfur bacteria which form more or less large aggregates of cells enclosed 
in a common gelatinous capsule. Individual cells spherical to ovoid. Small aggre¬ 
gates closely resemble those of Thiocyatia^ even to the extent of the tetrad-like ar¬ 
rangement of cells in the small colonies. Behavior of the large aggregates during 
development appears to be different; the small individual cell groups or colonies do 
not emerge from the slime capsule until the initially relatively compact cell mass 
becomes broken up into smaller clusters, these eventually forming a somewhat net- 
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like structure. This behavior has been ascribed to a change in the mode of cell divi¬ 
sion which at first appears to take place in three perpendicular planes, and later 
presumably changes to a division iivonly two directions. Cells when free are motile 
by means of polar flagella. In pure culture also this type rarely, if ever, produces 
large aggregates with the development here mentioned as characteristic for the 
genus (Bavendamm, Die farblosen und roten Schwefelbakterien, Pflanzenforschung, 
Heft 2,1924, 76). This, along with the other similarities, makes it doubtful whether 
future studies will result in the retention of the genera Lamprocyatia and Thiocyatis 
side by side. Produce bacteriochlorophyll and carotenoid pigments, coloring the 
cell masses purplish-pink to red. Capable of photosynthesis in the presence of hy¬ 
drogen sulfide, storing elementary sulfur as globules inside the cells. 

The type species is Lamprocyatia roaeoperaicina (Kiltzing) Schroeter. 


1. Lamprocystis roseoperslclna (Kutz- 
ing) Schroeter. (Microloa roaea Ktitz- 
ing, Linnaea, 8, 1S33, 371; Cryptococcus 
roaeua KUtzing, Phycologia generalis, 
Leipzig, 1843, 149; Protococcus roseo- 
peraidnua KQtzing, Species Algarum, 
Leipzig, 1849, 196; Palmella peraicina 
Cohn, Leonhard’s Jarhb. f. Mineralog., 
1864, 606; Pleurococcua roaeo-peraicinua 
Rabenhorst, Flora Eur. Algarum, 
Leipzig, 5, 1868, 28; Bacterium ruheacena 
Lankester, Quart. Rev. Micro. Sci., 
ISf 1873, 408; not Bacterium ruheacena 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 115; Clathrocyatia roaeo- 
peraicina Cohn, Beitr. Biol. PH., f, Heft 
3,1876,157; Cohnia roaeo-peraicina Win¬ 
ter, in Rabenhorst, Kryptogamen Flora, 
2 Aufl., If 1884, 48; Schroeter, in Cohn, 
Kryptogamen-Flora von Schlesien, 5, 1, 
1886, 151; Planoaardna roaeo-peraicina 
Migula, in Engler and Prantl, Die na- 
tHrlichen Pflanzenfam., I, la, 1895, 20; 
Lankaateron ruheacena Ellis, Sulphur 
Bacteria, London and New York, 1932, 


135.) From Latin roaeu8f rose-colored 
and persicuniy peach; M.L., peach-col¬ 
ored. 

In all probability, Thinderma ruhrum 
Miyoshi (Jour. Coll. Sci., Imp. Univ. 
Tokyo, Japan, 10, 1897, 170) is identical 
with this species. 

Cells: Spherical to ovoid, 2 to 2.5 mi¬ 
crons in diameter, up to 5 microns long 
before cell division. Motile. Polar 
flagellate. 

Winogradsky {loc. cit.) reports that the 
cells frequently contain pseudo vacuoles. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Warming, Videnskab. 
Meddel. naturhistor. Foren., Kjoben- 
havn, 1876, PI. VIII, fig. 3 g; Zopf, Z. 
Morphol. d. Spaltpfianzen, Leipzig, 1882, 
PI. V, fig. 8, 13; Winogradsky, Schwefel- 
bacterien, Leipzig, 1888, PI. II, 6g. 9-15; 
Bavendamm, Die farblosen und rotem 
Schwefelbakterien, Jena, 1924, PI. II, 
fig. 3. 


Genita VIII, Amoebobacter Winogradsky, 

(Winogradsky, Schwefelbacterien, Leipzig, 1888, 71; Amoebomonaa Orla-Jensen, 
Cent. f. Bakt., II Abt., 99,1909, 334.) From amoeba, one of the protozoa character¬ 
ised by a constantly changing shape, and Greek haktron, rod. 

Purple sulfur bacteria, usually occurring in aggregates composed of many in¬ 
dividuals without a characteristic common capsule. Slime formation can, neverthe¬ 
less, be observed with very small colonies. With growth of the individual cells, the 
eapsule bursts and the cell mass slowly moves out while the bacteria remain united. 
The colonies change their shape, during growth and in response to environmental 
influences; the individual cells appear motile and cause the movements of the entire 
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colony. Winogradsky ascribes the coherence of the cell masses to the existence of 
interconnecting protoplasmic filaments between cells, but these have never been 
observed, and their occurrence is extremely doubtful. It is much more probable 
that the bacteria are held together by mucus, though not so much of the latter is pro< 
duced as to form a clearly discernible capsule. 

Produce bacteriochlorophyll and carotenoid pigments. Capable of photosyn¬ 
thesis in the presence of hydrogen sulfide, and then store.sulfur as droplets inside 
the cells. 

The type species is Amoebobacter roseua Winogradsky. 

Since the characterization of the genera Amoebobacter, Lamprocystis, Thiocyatis, 
Thtocapsa and Thioihece is based upon the arrangement of individual bacteria in a 
common capsule, which, from Winogradsky’s descriptions of Amoebobacter and from 
pure culture studies with Thiocystia and Lamprocyatia, has been shown to vary con¬ 
siderably, depending upon developmental stages and environmental conditions, it 
is quite possible that future investigations will show the desirability of restricting 
the number of genera. 

Key to the apeciea of genua Amoebobacter. 

I. Cells spherical to ovoid, about 2.5 to 3.5 microns in diameter and up to 6 microns 
in length prior to cell division. 

1. Amoebobacter roaeua. 

II. Cells distinctly rod-shaped, about 1.5 to 2 microns in width by 2 to 4 microns 
in length. 

2. Amoebobacter bacilloaua. 

III. Cells spherical, quite small, about 0.5 to 1 micron in diameter. 

3. Amoebobacter granula. 


1. Amoebobacter roseus Winogradsky. 
(Schwefelbacterien, Leipzig, 1888, 77.) 
From Latin roseus, rose. 

Cells spherical to ovoid, 2.5 to 3.5 
microns in width and up to 6 microns 
in length. Motile. Often contain pseu¬ 
dovacuoles. Cell-aggregates often form 
transitory hollow spheres or sacks, with 
the bacteria occupying the periphery as 
a shallow’ layer. These are reminiscent of 
stages in the development of Lampro- 
cyatia. 

Habitat: Mud and stagnant water 
containing hydrogen sulfide and exposed 
to light; sulfur springs. 

Illustrations: Winogradsky, foe. cit., 
PI. Ill, fig. 1-6. 

2. Amoebobacter bacillosus Winograd¬ 
sky. (Winogradsky, Schwefelbacterien, 
Leipzig, 1888, 78; Thioderma roaeum 
Miyoshi, Jour. Coll. Sci., Imp. Univ. 


Tokyo, .Japan, 10, 1897, 158.) From 
Latin bacillua, resembling a rod. 

Cells^ rod-shaped, about 1.5 to 2 mi¬ 
crons by 2 to 4 microns. Cells contain 
pseudovacuoles (aerosomes). Sulfur 
globules deposited exclusively in periph¬ 
eral protopla.smic layer, usually quite 
small. 

Habitat: Mud and stagnant water, con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Zopf, Z. Morphol. d. 
Spaltpfl., Leipzig, 1882, PI. V, fig. 26-27; 
Winogradsky, loc. cit,, PI. Ill, fig. 7. 

Miyoshi’s incomplete description of 
Thioderma roaeum {loc, dt.), type species 
of genus Thioderma, is sufficient to make 
practically certain that it is identical 
with Amoebobacter bacilloaua. The de¬ 
scription of Thiodictyon elegans Wino¬ 
gradsky {loc, cit,) suggests that it cannot 
be distinguished from this species. 
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8. AmoebobactergranultWinogradsky. 
(Schwefelbacterien, Leipzig, 1888, 78.) 
From Latin graniUuSt a granule. 

Cells: Spherical, small, about 0.5 to 1 
micron in diameter. Faint pigmenta- 
tion; the sulfur inclusions give the cell 
masses a black appearance. Aggregates 
are apt to consist of closely>knit masses 
which are difficult to separate. 

When sulfur is stored, a single droplet 


usually fills most of the cell. Because 
of the high refractive index of this glob¬ 
ule, it becomes difficult if not impossible 
to make accurate observations of the 
cell shape. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustration: Winogradsky, loc, cit.t 
PI. Ill, fig. 8. 


Genua IX, Thiopolycoccus Winogradsky, 

(Winogradsky, Schwefelbacterien, Leipzig, 1888, 79; Rhodopolycoccua Orla- 
Jensen, Cent. f. Bakt., II Abt., FF, 1909, 334.) From Greek theiout sulfur; polya, 
many; and kokkoa, granule or small cell. 

Purple sulfur bacteria which form dense aggregates of rather solid construction 
and irregular shape. The colonies appear, in contrast with Amoebobacter, non-mo- 
tile and do not tend to form hollow zoogloeal structures by which they are differen¬ 
tiated from Lamprocyatia, Cell masses held together by mucus which does not, 
however, appear as a regular capsule. Large clumps may fissure with the formation 
of irregular shreds afid lobes which continue to break up into smaller groups of cells. 
Individual bacteria spherical, motility not observed. Contain bacteriochlorophyll 
and carotenoid pigments, so that the aggregates, in accord with the dense packing 
with individual cells, appear distinctly red. Capable of photosynthesis in the pres¬ 
ence of hydrogen sulfide, when the cells store elementary sulfur as droplets inside 
the cells. 

The type species is Thiopolycoccus ruber Winogradsky. 


1. Thiopolycoccus ruber Winogradsky. 
(Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888, 79; Micrococcus ru&$r.Migula, 
in Engler and Prantl, Die nattlrlichen 
Pflanzenfamilien, i, la, 1895,18.) From 
Latin ruber, red. 

Cells: Spherical, about 1.2 microns in 
diameter. No motility observed. 


Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Winogradsky, loc. dt., 
PI. IV, fig. 16-18; Issatchenko, Re- 
cherches sur les microbes de l*oc5an 
glacial arctique, Petrograd, 1914, PI. II, 
fig. 7. 


Genua X. Thlospirillum Winogradsky. 

(Ophidomonaa Ehrenberg, Die Infusionstierchen, Leipzig, 1838, 43; Winogradsky, 
Schwefelbacterien, Leipzig, 1888, 104; Thiorhodoapirilium Fuhrmann, Vorlesungen 
(1. techn. Mykologie, Jena, 1913, 325; Rhodothioapirillum Bavendamm, Schwefel- 
bakterien, Jena, 1924, 115.) From Greek theion, sulfur, and diminutive of apira, 
screw. 

Purple sulfur bacteria, occurring singly, as spirally wound cells, motile by means 
of polar fiagella. Contain bacteriochlorophyll and carotenoid pigments, coloring 
the cells brownish- to purplish-red. Capable of photosynthesis in the presence of 
hydrogen sulfide, during which they produce and store, as an intermediate oxidation 
product, elementary sulfur in the form of droplets inside the cells. 

The differentiation of species in this group has been based exclusively on observa- 
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tions with material from natural collections and from laboratory mass cultures. The 
criteria used arc the size and shape of the spirals, and the color of the organisms. 
Not a single representative has so far been obtained and studied in pure culture, so 
that no information is available concerning the constancy or variability of these 
characteristics. It is, however, likely that such properties may be greatly influ* 
enced by environmental factors. Hence, the following key and descriptions of 
species are apt to be modified when more extensive studies'have been made. The 
published descriptions of some species make it seem probable that they should not 
even be incorporated in Thiospirillum. 

The type species is Thiospirillum jenense (Ehrenberg) Winogradsky. 

Key to the species of genus Thiospirillum. 

I. Width of cells 2.5 microns or more. 

1. Color of cells, especially in masses, yellowish-brown to orange-brown. 

1. Thiospirillum jenense. 

2. Color of cells deep red or violet. 

a. Cells long, typical spirals; clearly red. 

2. Thiospirillum sanguineum. 

aa. Cells short, slightly curved, vibrio-shaped; color purple to violet-red. 

3. Thiospirillum violaceum. 

II. Width of cells less than 2.5 microns. 

1. Width of cells 1.5 to 2.5 microns. 

4. Thiospirillum rosenbergii. 

2. Width of cells about 1 micron. 

5. Thiospirillum rufum. 


1. Thiospirillum jenense (Ehrenberg) 
Winogradsky. (Ophidomonas jenensis 
Ehrenberg, Die Infusionstierchen, 
Leipzig, 1838, 44; Spirillum jenense 
Trevisan, Batter, ital., 1879, 26; Wino¬ 
gradsky, Schwefelbacterien, Leipzig, 
1888, 104; Rhodothiospirillum jenense 
Ellis, Sulphur Bacteria, London and 
New York, 1932, 161; Thiospirillum 
crassum Hama, Jour. Sci. Hiroshima 
Univ., Scr. B, Div. 2, Bot., /, 1933, 157.) 
Named for the city of Jena, Germany, 
where Ehrenberg discovered this or¬ 
ganism. 

Cells: Cylindrical, sometimes pointed 
at ends, 2.5 to 4 microns long, coiled as 
spirals. Generally 30 to 40 microns in 
length but may be as long as 100 microns. 
Shape of individual coils varies, complete 
turns measuring about 15 to 40 microns 
in length, and from i to 1/10 of the width 
in height. Polar flagellate. Tufted at 
both ends. Olive-brown, sepia-brown 
and reddish-brown. 


This coloring appears to be the only 
recognizable difference from ThiospiriU 
him sanguineum. Thiospirillum eras- 
sum Hama (loc. cit.) reported to be 3.7 
to 4 by 12 to 40 microns and yellowish- 
brown in color, thus becomes indis¬ 
tinguishable from Thiospirillum jenense; 
the 80 microns long Thiospirillum je~ 
nense forma maxima Szafer (Bull. Acad. 
Sci. Cracovie, S6r. B, 1910, 162) docs not 
at present justify recognition as a special 
taxonomic entity. 

It is even doubtful whether the ob¬ 
served color difference between Thio¬ 
spirillum jenense and Thiospirillum 
sanguineum constitutes a valid criterion 
for their maintenance as two distinct 
species (Buder, Jahrb. wiss. Bot., 56, 
1915, 534; Bavendamm, Die farblosen 
und roten Schwefelbakterien, Pflansen- 
forschung, Heft 2, 1924, 131). 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; more rarely in sulfur springs. 
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Illustrations: Zettnow, Ztschr. f. Hyg., 
F4, 18»7, PI. II, fig. 49-62; Buder, loc. 
dt; fig. 1; Szafer, loc. cit., PI. IV, fig. 4; 
Hama, loe. cit, PI. 18, fig. 1, 8a; PI. 19, 
fig. 1. 

2. Thiosplrlllism sangoinetim (Ehren- 
berg) Winogradsky. (Ophidomonas 
sanguinea Ehrenberg, Verhandl. Akad. 
^ss. Berlin, 1840, 201; Spirillum son- 
guineum Cohn, Beitr. Biol. Pfl., I, Heft 
3, 1876, 169; Winogradsky, Schwefel- 
bacterien, Leipzig, 1888, 104.) From 
Latin sanguineus^ blood-colored, red. 

Cells: Cylindrical, sometimes attenu¬ 
ated at ends, spirally coiled; 2.6 to 4.0 
microns in width, commonly about 40 
microns long with a range of from 10 to 
100 microns. Size and shape of coils 
variable, complete turns measuring from 
15 to 40 microns in length and from i to 
1/10 of the length in width. Polar flagel¬ 
late, usually tufted at both ends. In¬ 
dividual cells rose-red with a grayish 
hue, groups of cells deep red. Sulfur 
droplets numerous under appropriate 
conditions. 

Habitat: Mud and stagnant water 
containing hydrogen sulfide and exposed 
to light; rarely in sulfur springs. 

Illustrations: Cohn, loc. cit,, PI. VI, 
fig. 16; Warming, Vidensk. Meddel, 
naturhist. Foren., Kjdbenhavn, 1876, 
PI. VII, fig. 8; Buder, Jahrb. wiss. Bot., 
55, 1916, 634, fig. 2. 

3. Thlospirillum violaceum (Warming) 
Winogradsky. {Spirillum violaceum 
Warming, Vidensk. Meddel. naturhist. 
Foren., l^dbenhavn, 1876, 396; Wino¬ 
gradsky, Schwefelbacterien, I^eipzig, 
1888,104.) From Latin violaceus^ violet- 
colored. 

Cells: Short and fat, 3 to 4 by 8 to 
10 microns, ends smoothly rounded. 
Slightly curved, bean- or vibrio-shaped. 
Only rarely are they twisted suggesting 
a spirillum. Polarly flagellated. 

Ilie shape of cell seems to fit the genus 
Chromatium rather than Thiospirillum 


and Warming {loc. cii.) emphasizes the 
resemblance to Chromatium okenii. 

Color bluish-violet; this color may be 
related to a scarcity of sulfur droplets 
in the cells. 

Habitat: Mud and stagnant water. 

Illustration: Warming, loc. cit., PI. 
VII, fig. 3. 

4. Thlosplxillun^ rosenbergli (Warm¬ 
ing) Winogradsky. {Spirillum rosen- 
bergii Warming, Vidensk. Meddel. na¬ 
turhist. Foren., KjObenhavn, 1876, 346; 
Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888, 104.) Named for the Danish 
algologist, Rosenberg. 

Cells: 1.6 to 2.5 by 4 to 12 microns; 
coiled, with turns of about 6 to 7.5 mi¬ 
crons in length and variable width up 
to 3 or 4 microns. Color very dark, due 
to numerous sulfur globules. Color of 
protoplasm not recorded. 

Habitat: Mud and stagnant water 
containing hydrogen sulfide and ex¬ 
posed to light. 

Distribution: Probably ubiquitous, 
but less frequently recorded as the 
organism is not as spectacular as the 
large Thiospirillum jenense and Thio¬ 
spirillum sanguineum. 

Illustration: Warming, loc. cit.^ PI. X, 
fig. 12. 

5. Thiospirillum rufum (Perty) Mi- 
gula. {Spirillum rufum Perty, Bern, 
1852, 179; Migula, Syst. d. Bakt. 5,1900, 
1060.) From Latin rufus, red, reddish. 

General characteristics presumably 
those of the genus, although it does not 
appear either from Perty^s description, 
or from those of Migula {loc. cit.), Baven- 
damm (Die farblosen und rotemSchwe- 
felbakterien Jena, 1924,132) and Huber- 
Pestalozzi (Die Binnengew6sser, 16, 
Heft 1, Das Phytoplankton des Stiss- 
wassers, Stuttgart, 1938, 304) that the 
cells ever contain sulfur globules. Only 
the red color is emphasized. Conse¬ 
quently, it is quite possible that this 
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organism belongs in the genus Rhodo- 
spirillum. 

(.ells: 1.0 by 8 to 18 microns; coiled to 
occupy 1J to 4 turns, the latter commonly 
4 microns wide by 4 microns long. These 
dimensions agree with those of Rhodo- 
spirillum ruhrum (Esmarch) Molisch and 
the identity of the two organisms is 
probable. 

Habitat: Found in red slime spots on 
the side of a well. Mud and stagnant 
bodies of water. 

Illustration: Migula, Syst. d. Bakt., 
f, 1897, PI. Ill, fig. 7. 

Appendix: Three species have been 
placed in the genus Thiospirillum with¬ 
out convincing evidence that they con¬ 
form to the generic diagnosis. 

Thiospirillum agilis Kolkwitz. 
(Kolkwitz, Kryptogamenflora d. Mark 
Brandenburg, 5, Pilze, 1909, 162; Thio- 
spira agilis Bavendamm, Die farblosen 


und roten Schwefelbakterien, Phanzen- 
forschung, Heft 2, 1924, 116.) This is 
not known to have been a purple bac¬ 
terium and hence may represent a mem¬ 
ber of the genus Thiospira. 

Thiospirillum agilis var. polonica 
Strzeszewski. (Bull. Acad. Sci., Cra- 
covie, S^r. B, 1913,322.) This also may 
belong in the genus Thiospira. 

Thiospirillum pistiense Czurda. 
(Cent. f. Bakt., II Abt., 1935, 409.) 
Not described as pigmented and does 
not contain sulfur globules. Reported 
to be a probable agent in the production 
of hydrogen sulfide from sulfates or 
sulfur. It may therefore be the spirillar 
form of Vibrio desulfuricans Beijerinck 
or, being thermophilic, of Vibrio thermo- 
desulfuricans Elion. 

Thiospirillum winogradskii Omelian- 
sky. (Cent. f. Bakt., II Abt., H, 1905, 
764.) This is colorles.s and is included 
in Thiospira. 


Genus XL Rhabdomonas CohnZ 

(Cohn, Beitr. Biol. Pfl., I, Heft 3, 1875, 167; Mantegazzaea Trevisan, R. Inst. 
Lombardo de Sci. e Lett., IV, Ser. 2, 12^ 1879, 137; Rhabdochromalium Winogradsky, 
Schwefelbacterien, Leipzig, 1888, 100; in part, Rhodocapsa Molisch, Die Purpur* 
bakterien, Jena, 1907,17.) From Greek rhabdos, a rod, and wionas, a unit (cell). 

Purple sulfur bacteria, as a rule occurring singly, in the form of rather irregular, 
long rods to filaments, exhibiting more or less pronounced swellings, or club and 
spindle shapes. Filamentous structures sometimes with constrictions giving the 
filament the appearance of a string of beads. These may be surrounded by a rela¬ 
tively inconspicuous slime capsule which can be rendered visible by India ink. The 
less distorted cell types are frequently motile, fiagella polar. Produce bacterio- 
chlorophyll and carotenoid pigments, coloring the cells pinkish- to purplish-red. 
Capable of photosynthesis in the presence of hydrogen sulfide and then storing sulfur 
globules as an intermediate oxidation product inside the cells. 

The status of this genus is doubtful Winogradsky {loc. cii.) recognized the simi¬ 
larity of its members to species of Chromatium and the occurrence of many inter¬ 
mediate forms which make a sharp distinction between the two genera impossible. 
He preferred the designat'ron of Rhabdochromalium as a sub-genus. Warming (Vi- 
denskab. Meddel. naturhist. Foren., Kjobenhavn, 1876,320 ff.), Nadson (Bull. Jard. 
Imp^r. Bot. St. Petersb., 5,1903,116), van Niel (Arch. f. Mikrobiol., 5,1931,61), and 
Ellis (Sulphur Bacteria, London and New York, 1932,151) considered the species of 
Rhabdochromalium as abnormal growth forms (involution forms) of corresponding 
species of Chfrmalium, while Lauterborn (Verhandl. naturhistor.-medizin. Vereins, 
Heidelberg, N.F., 75,1915,424), Buder (Jahrb. wiss. Bot., 55,1919,534) and Baven- 
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damm (Die farbloaen und roten Schwefelbakterien, PilanzenforschuQg, Heft 2,1924, 
129) favor generic rank. 

The type species is Rhabdomonaa roaeua Cohn. 

Kay to the species of genus Rhabdomonas. 

1. Cells not containing calcium carbonate inclusions in addition to sulfur globules, 
a. Cells more than 3 microns in width. 

1. Rhabdomonas rosea, 
aa. Cells less than 3 microns in width. 

2. Rhabdomonas gracilis. 

II. Cells containing calcium carbonate inclusions in addition to sulfur globules. 

3. Rhabdomonas linsbaueri. 


1. Rhabdomonas zosea Cohn. (Cohn, 
Beitr. Biol. Pfl., 1, Heft 3, 1875, 167; 
Beggiatoa roseo-persicina Zopf, Z. Mor- 
phol. d. Spaltpflanzen, Leipzig, 1882, 30; 
Rhahdochromatium roseum Winogradsky, 
Schwefelbacterien, Leipzig, 1888, 100; 
Rhahdochromatium fusiforme Winograd¬ 
sky, ibid.f 102; Pseudomonas rosea Mi- 
gula, in Engler and Prantl, Die natUr- 
lichen Pflanzenfam., /, la, 1895, 30.) 
From Latin roseus, rose-colored. 

Cells: Uneven in width and length, 
often swollen to spindle-shaped, some¬ 
times tending towards filamentous 
growth. The greatest width of a 
spindle-shaped or fusiform cell may be 
close to 10 microns; in the more fila¬ 
mentous structures it is usually around 
5 microns. The length varies between 
10 and 30 microns for single cells; fila¬ 
mentous forms, frequently showing 
bulges and constrictions suggestive of 
compound structures in which cell divi¬ 
sion has been incomplete, may attain 
considerably greater lengths, up to 100 
microns. The ends of spindle-shaped 
cells often taper to very fine points or 
attenuated fibers; also filaments are 
generally thinner toward the extremities. 
Single individuals and short filaments 
are motile by means of polar flagella, 
long filaments rarely motile. The ends 
of a filament may become pinched of! 
and swim away. 

Color rose-red; cells are usually filled 
with sulfur globules. 

There is no good reason for maintain¬ 


ing Rhabdomonas fusiformis {Rhabdo- 
chromatium fusiforme Winogradsky) as a 
separate species; the variations in size 
and shape bring this form well within 
the range of Rhabdomonas rosea. Pres¬ 
ent indications strongly suggest that 
the latter species should be regarded as 
a peculiar developmental form of Chro¬ 
matium okenii. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Cohn, loc. cit., PI.VI, 
fig, 14; Warming, Vidensk. Meddel. 
naturhistor. Foren., Kjdbenhavn, 1876, 
PI. VII, fig. Ic-e; Zopf, loc. dt.y PI. V, 
fig. 2b; Winogradsky, loc. cit., PI. IV, 
fig. 9-11, 13-14. 

2. Rhabdomonas gracilis (Warming) 
Migula. (Monas gracilis Warming, 
Vidensk. Meddel. naturhist. Foren., 
Kjobenhavn, 1876, 331; Rhahdochro¬ 
matium minus Winogradsky, Schwefel¬ 
bacterien, Leipzig, 1888, 102; Rhahdo¬ 
chromatium gracile Migula, Syst. d. 
Bakt., ISf 1900, 1049; Rhodocapsa sus- 
pensa Molisch, Die Purpurbakterien, 
Jena, 1907, 17; Rhabdomonas minor 
Bergey et al., Manual, 3rd ed., 1930, 
532.) From Latin gracilis^ slender. 

Cells: Much smaller ihsi£ those of 
Rhabdomonas rosea, and with less tend¬ 
ency to form fusiform cells. Usually 
filamentous, more or less cylindrical, 
often with constrictions, but found up 
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to 60 microns in length. Shorter fila¬ 
ments motile. Polar flagellate. Slime 
formation may occur under special 
conditions. Rose-red. Sulfur globules. 
Probably an abnormal growth form of 
Chromatium virosum. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Warming, loc, cii.y PI. 
VII, fig. 5; Winogradsky, loc. cit., PI. IV, 
fig. 12; Molisch, loc. cil.y PI. II, fig. 11-12. 

3. Rhabdomonas linsbaueri (Gickl- 
horn) comb. non. {Rhahdochromatium 
linsbaueri Girklhorn, Ber. d. deut. bot. 
Ges., S9f 1921, 312.) Named for the 
botanist, K. Linsbauer. 

Cells: Resemble Rhabdomonas rosea^ 


irregular, rod-shaped, 3 to 5 microns 
wide, up to 30 microns in length. 

The characteristic feature of the 
species, and the chief means of differen¬ 
tiation, the occurrence of calcium 
carbonate inclusions in addition to the 
sulfur globules in the cells. Whether 
this is strictly an environmentally 
conditioned characteristic, due to the 
photosynthetic development of the bac¬ 
teria in a medium rich in calcium ions, 
so that calcium carbonate is precipitated 
as the alkalinity increases, has not yet 
been established, but seems possible. 
In that case the identity of this species 
with Rhabdomonas rosea would become 
evident. 

Source: From a pond near Graz, 
Austria. 

Habitat: Fresh water. 


Genus XII. Rhodothece Molisch. 

(Die Purpurbakterien, Jena, 1907, 19.) From Greek rhodony rose and thekCy con¬ 
tainer, capsule. 

Purple sulfur bacteria, occurring singly, not aggregated in families. Cells spheri¬ 
cal, each surrounded by a rather wide capsule which is, however, rarely visible with¬ 
out special staining. Motility not observed. Contain hacteriochlorophyll and caro¬ 
tenoid pigments, coloring the cells reddish. Capable of photosynthesis in the 
presence of hydrogen sulfide; the cells then store sulfur globules, arising as an 
intermediate oxidation product of the sulfide. 

In view of the experiences of Bavendamm and others that a number of representa¬ 
tives of the purple sulfur bacteria, characterized by typical colonial aggregates when 
found in nature, may develop as single cells in pure culture, it is quite conceivable 
that the genus Rhodothece is synonymous with some other genus, e.g., Lamprocystisy 
and that the two genera represent different growth forms induced by environmental 
conditions. 

The type species is Rhodothece pendens Molisch. 


1. Rhodothece pendens Molisch. (Die 
Purpurbakterien, Jena, 1907, 19.) From 
Latin pendeo, to be suspended. 

Cells: Spherical, frequently occurring 
as diplococci, occasionally as very short 
chains or clumps of 3 to 5 individuals. 
1.8 to 2.5 microns in diameter. Produce 
rather abundant slime. Cells embedded 
in individual capsules which are rarely 
visible without staining (India ink). 
Characteristic is the regular occurrence 
of pseudovacuoles (aerosomes) which 


are supposed to keep the cells suspended 
in liquid media. Refractive phenomena 
due to the pscudovacuoles and to the 
sulfur globules distort the cell shape 
under ordinary illumination so that bac¬ 
teria appear as polygons rather than 
round cells. Usually 2 aerosomes and 2 
sulfur globules per cell. Color not ob¬ 
servable in individual bacteria. Cell 
groups are rose-red. Motility not ob¬ 
served. 

Habitat: Mud and stagnant water con- 
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taining hydrogen sulfide and exposed to Illustrations: Molisch, Die Purpur- 
light. Not reported from sulfur springs, bakterien, Jena, 1907, PI. II, fig. li-14. 

GenuB XIIL Chromatimn Periy, 

(Perty, Zur Kenntniss kleinster Lebensformen, Bern, 1852,174; Rhodamonas Orla- 
Jensen, Cent. f. Bakt., II Abt., XB, 1909,384.) From Greek chroma^ color. 

Cells occur singly, more or less ovoid, bean- or vibrio-shaped, or short rods. The 
last-mentioned are often thick-cylindrical with rounded ends. Motile by means of 
polar flagella. Contain bacteriochlorophyll and carotenoid pigments, coloring the 
cells various shades of red. Capable of photosynthesis in tha presence of hydrogen 
sulfide and storing elementary sulfur as an incomplete oxidation prodqct in the form 
of globules inside the cells. 

At present, the genus contains 11 described species and one variety. In addition, 
two more purple sulfur bacteria, PsevdomonaB moltBchii Bersa (Planta, f, 1926, 375) 
and Thiospirillum coccineum Hama (Jour. Sci. Hiroshima Univ., Ser. B, Div. 2, 
Bot., i, 1933, 158), have been incorporated here as species of Chramatium because 
the descriptions and illustrations furnished by the original authors leave no doubt 
as to their taxonomic affiliations. 

Differentiation of species has, in the past, been based almost entirely upon size 
and shape of individual cells, often with complete disregard for the variability of 
these criteria. The unsatisfactory and arbitrary nature of such a classification has 
occasionally been pointed out, and with much justification. Winogradsky (Schwef- 
elbacterien, Leipzig, 1888, 98) mentions the many transitional stages that can be 
observed between Chromatium okenii and ChromatiumweiBBei; Strzeszewski (Bullet. 
Acad. Sci., Gracovie, S4r. B, 1913, 321) holds that it is impossible to distinguish, on 
the basis of sizes or otherwise, between Chromatium weisBei and Chromatium minuB, 
Such contentions, derived from observations on material from natural collections or 
crude cultures, have been greatly strengthened by studies with pure cultures of 
species of Chromatium, Thus van Niel (Arch. f. Mikrobiol., 5, 1931, 59) reported 
variations in width from 1 to 4 microns, anddn length from 2 to 10 microns or even 
up to 50 microns; Manten (Antonie van Leeuwenhoek, S, 1942, 164 ff.) found size 
differences of 1 to 14 microns with a pure culture of an organism that he identified as 
Chromatium okenii. Often the differences in size of a pure culture can be related to 
special environmental conditions. On account of such results a designation of species 
on the basis of size relations alone is manifestly unsatisfactory. Moreover, the 
available data do not suggest that differences in shape, color or arrangement of sulfur 
globules can be used more effectively. Lack of adequate experimental results with 
a sufficiently large number and variety of pure cultures prevents a more rational 
classification at present. 

The previously proposed species have been listed below with their respective 
characteristics and arranged as far as possible in the order of decreasing width. 

Two Chromatium species have been described as containing inclusions of calcium 
carbonate in addition to sulfur globules. As in the case of Rhabdomonaa linabaueri, 
it is not known whether this feature may be a direct consequence of the calcium ion 
content and pH of the environment, and thus fail to have taxonomic significar''.e. 

The type species is Chromatium okenii Perty. 

1. Chromatium gobii Issatchenko. glacial arctique, Petrograd, 1914, 253.) 
(Recherches sur les microbes de Poc4au Named for Prof. \. Gobi. 
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Cells: 10 microns by 20 to 25 microns. 

Source: Prom sea water of Arctic 
Ocean. 

Habitat: Presumably ubiquitous in 
the colder portions of the Ocean at least. 

Illustration: Issatchenko, loc, dt,, PI. 
II, fig. 12. 

2. Chromatlum warmingii (Cohn) Mi- 
gula. {Monas warmingii Cohn, Beitr. 
Biol. Pfl., i, Heft 3, 1876, 167; Migula, 
Syst. d. Bakt., f, 1900, 1048.) Named 
for the Danish botanist, Eugene Warm¬ 
ing. 

Cells: 8 by 15 to 20 microns, also 
smaller (Cohn). 

Illustration: Cohn, loc. cit., PI. VI, 
fig. 11. 

2b. Chromatium warmingii forma minus 
Bavendamm. (Die farbloseii und roten 
Schwefelbaktericn, Pflanzenforschung, 
Heft 2, 1924, 127.) Named for the 
Danish botanist, Eugene Warming. 

Cells: 4 by 6 to 10 microns. 

Illustrations: Bavendamm, loc. cif., 91, 
fig. 7, and Ph II, fig. 12, a-b. 

3. Chromatium linsbauerl Gicklhorn. 
(Ber. d. deut. botan. Ges., 39,1921,312.) 
Named for the Austrian botanist, K. 
Linsbauer. 

Cells: 6 by up to 15 microns (Gickl¬ 
horn); 6 to 8 microns in width (Ellis, 
Sulphur Bacteria, London and New 
York, 1932, 147). Special characteristic 
is the occurrence of calcium carbonate 
inclusions. Otherwise resembles Chro¬ 
matium okenii. 

Source: From a pool in the Stiftingtal, 
near Graz, Austria. 

Habitat: Fresh water. 

Illustrations: Gicklhorn, loc, cU.^ 314, 
fig. 1; Ellis, loc, cit,, 148, fig. 31. 

4. Chromatium okenii (Ehrenberg) 
Perty. (Monas okenii Ehrenberg, In- 
fusionsthierchen, Leipzig, 1838; Perty, 
Zur Kenntniss kleinster Lebenaformeh, 


Bern, 1852,174; Bacillus okenii TreviMn^ 
I generi e le specie delle Batteriacee, 
1889, 18; Bacterium okenii DeToni and 
Trevisan, in Sa^cardo, Sylloge Fungo- 
rum, 8, 1889, 1027; Pseudomonas okenii 
Migula, in Engler and Prantl, Die natiir- 
lichen Pflanz5nfamilien, /, la, 1895, 30.) 
Named for the German naturalist, L. 
Oken. This is the type species of genus 
Chromatium, 

Cells: 5.6 to 6.3 by 7.5 to 15 microns 
(Cohn); minimum width 4.5 microns 
(Issatchenko, Borodin Jubilee Vol., 
1929?, 8); with many transitions to 
Chromatium weissei (Winogradsky, 
Schwefelbacterien, Leipzig, 1888, 92). 
Also: 3.5 by 8 to 12 microns and varying 
in size from 1 to 15 microns (Manten, 
Antonie van Leeilwenhoek, 3,1942,164). 

Illustrations: Cohn, Beitr. Biol. Pfl., 
/, Heft 3,1875, PI. VI, fig. 12; Winograd¬ 
sky, loc, cit., PL IV, fig. 3-4; Issatchenko, 
Recherches sur les microbes de Pocdan 
glacial arctique, Petrograd, 1914, PI. II, 
fig. 9. 

5. Chromatium weissei Perty. (Perty, 
Zur Kenntniss kleinster Lebensformen, 
Bern, 1852, 174; Bacillus weissii Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 18; Bacterium weissii DeToni and 
Trevisan, in Saccardo, Sylloge Fungo- 
rum, 3, 1889, 1027.) Named for the 
zoologist, J. F. Weisse, consequently the 
more common spellings, Chromatium 
weissii or C. weisii are in error. 

Cells: 4.2 by 5.7 to 11.5 microns 
(Perty); also 3 to 4 by 7 to 9 microns 
(Issatchenko, Borodin Jubilee Volume, 
1929?, 8); transitions to Chromatium 
okenii (Winogradsky, Schwefelbacterien, 
Leipzig, 1888, 92); transitions to 

Chromatium minus (Strzeszewski, Bull. 
Acad. Sci., Cracovie, Sdr. B. 1913, 321). 

Illustrations: Winogradsky, loc. cit., 
PI. IV, fig. 1-2; Miyoshi, Jour. Coll. 
Sci., Imp. Univ. Tokyo, Japan, 10,1897, 
PI. XIV, fig. 15. 
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U. Chromatium cttculliferum Gickl- 
horn. (Cent. f. Bakt., II Abt., SO, 1920, 
419.) From Latin cucullus, cap or hood 
and fero, to bear. 

Cells: 4 by 6 to 8 microns (Gicklhorn); 
according to Bavendamm (Schwefelbak- 
terien, Jena, 1924, 127) identical with 
Chromatium warmingii forma minus. 
Gicklhorn claims this organism to be 
colorless, which appears very doubtful. 

Source: From the pond in the Annen 
Castle Park, Graz, Austria. 

Habitat: Fresh water ponds. 

Illustration: Gicklhorn, loc. cit., fig. 2. 

7. Chromatium minus Winogradsky. 
(Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888, 99; Bacillus minor Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 18; Bacteriu^n minus DeToni and 
Trevisan, in Saccardo, Sylloge Fungo- 
rum, 8, 1889, 1027.) From Latin minus, 
small. 

Cells: 3 by 3.5 to 7 microns (Winograd¬ 
sky); also 1.7 to 3 microns in width and 
''up to 8.5 microns in length (Issatchenko, 
Borodin Jubilee Volume, 1929?, 9); all 
transitions to Chromatium weissei from 
which it cannot be distinguished (Strzes- 
zewski, Bull. Acad. Sci., Cracovie, S^r. 
B, 1913, 321). 

Illustrations: Winogradsky, loc. cit., 
PI. IV, fig. 5; Miyoshi, Jour. Coll. Sci., 
Jinp. Univ., Tokyo, Japan, W, 1897, PI. 
XIV, fig. 16; Issatchenko, Recherches 
sur les microbes de Poc4an glacial arc- 
tique, Petrograd, 1914, PI. II, fig. 10-11. 

8. Chromatium vinosum (F^hrenberg) 

Winogradsky. (Monas vinoaa Flhren- 
berg, Die Infusionstierchen, Leipzig, 
1838, 11; Winogradsky, Schwefelbac- 
terien, Leipzig, 1888, 99; Bacillus 

vinosus Trevisan, 1 generi e le specie delle 
Batteriacee, 1889, 18; Bacterium vino^ 
sum DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8,1889,1027.) From 
Latin vinosus, pertaining to wine, wine- 
colored. 


Cells: 2 by 2.5 to 5 micrmis; also 1.4 to 
3 by 1.5 to 5 microns (Jimbo, Botan. 
Magaz. Tokyo, 51, 1937, 872); 1.7 to 2 by 
2 to 9 microns (Issatchenko, Borodin 
Jubilee Volume, 1929?, 9); or 1 to 1.3 mi¬ 
crons by 2.5 to 3 microns (Schrammeck, 
Beitr.*Biol. d. Pflanzen, 88, 1935, 317). 
Jimbo considers Thioderma roseum Mi¬ 
yoshi to be identical with Chromatium 
vinosum. 

Illustrations: Winogradsky, loc. cit., 
PI. IV, 6-7; Miyoshi, Jour. Coll. Sci., 
Imp. Univ. Tokyo, Japan, 10, 1897, PI. 
XIV, fig. 17; Nadson, Bull. Jard. Imp. 
Botan., St. P^tersbourg, 12, 1912, PI. 
Ill, fig. 1-2. 

9. Chromatium violaceum Perty. 
(Zur Kenntniss kleinster Lebensformen, 
Bern, 1852, 174.) From Latin violaceus, 
violet-colored. 

Cells: About 2 by 2 to 3 microns. Ac¬ 
cording to Cohn (Beitr. Biol. Pfl., 1, 
Heft 3,1875,166) probably identical with 
Chromatium vinosum. Apparently in¬ 
cludes various sizes. 

10. Chromatium molischii (Bersa) 
comb. nov. (Pseudomonas molischii Bersa, 
Planta, 8, 1926, 375.) Named for the 
Austrian botanist, H. Molisch. 

Cells: About 2 by 2.5 to 8 microns. 
Supposedly contains calcium carbonate 
as inclusions. 

Illustration: Bersa, loc. cit., 376, fig. 3. 

11. Chromatium gracile Strzeszewski. 
(Bull. Acad. Sci., Cracovie, S4r. B, 1913, 
321.) F'rom Latin gracilis, slender. 

Cells: 1 to 1.3 by 2 to 6 microns; also 
to 1.5 micron in width (Issatchenko, 
fitudes microbiologiques dee Lacs de 
Boue, Leningrad, 1927, 114). 

Illustration: Strzeszewski, loc. dt., 
PI. XXXIX, fig. 1-2; Tokuda, Botan. 
Magaz., Tokyo, SO, 1936, 339, fig. 1-23. 

12. Chromatium minutissimum Wino¬ 
gradsky. (Winogradsky, Schwefelbac- 
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terien, Leipzig, 1888, 100; Bacillus 
minutUaimua Trevisan, I generi e le 
specie delle Batteriacee, 1889, 18; Bac- 
teriujn minutissimum DeToni and Trevi- 
san, in Saccardo, Sylloge Fungorum, 8, 
1889, 1028.) From Latin minuiuB and 
diminutive, very minute. 

Cells: About 1 to 1.2 micron by 2 mi¬ 
crons. Also from 0.5 to 0.7 micron by 
0.6 to 1 micron (Issatchenko, Recherches 
sur les microbes de I’oc^an glacial arc- 
tique, Petrograd, 1914, 253); and 1 to 3 
microns by 2 to 5 microns (Issatchenko, 
Borodin Jubilee Volume, 1929?, 9). 

Illustrations: Winogradsky, loc. ciL, 
PI. IV, fig. 8; Miyoshi, Jour. Coll. Sci., 


Imp. Univ., Tokyo, Japan, 10, 1897, PI. 
XIV, fig. 18. 

Appendix: The measurements for Thio- 
spirillum coceineum Hama (Jour. Sci. 
Hiroshima Univ., Ser. B, Div. 2, Bot., /, 
1933, 158) which, according to descrip¬ 
tion and figures {ibid., PI. 18, fig. 2; PI. 
19, fig. 2), is an unquestionable species 
of Chromatium, are given as 2 by 4 to 
15 microns It thus closely resembles 
the bacteria of the Chramalium minus, 
C. vinosum, C. vidaceum, and C. mo- 
lischii group. 

Chromatium sphaeroides Hama, loe. cii, 

Thiospirillum violaceum (Warming) 
Winogradsky is probably also a member 
of this assemblage. 


APPENDIX TO FAMILY THIORHODACAE. 

Three genera of sulfur purple bacteria have been proposed whose place and 
nature are at present very doubtful. They follow here: 


a. Thiosphaerion Miyoshi, with the 
single species Thiosphaerion violaceum 
Miyoshi (Jour. Coll. Sci., Imp. Univ., 
Tokyo, Japan, 10, 1879,170). Occurs in 
round colonies in which numerous bac¬ 
teria are held together by mucus, though 
not in a clearly discernible common cap¬ 
sule. Individual cells ovoid, about 1.5 
to 2 by 2.5 microns; motile. Resembles 
Lamprocystis roseopersicina in many 
respects. Reported once from Yumoto 
Hot Springs, near Nikko, Japan. 

Illustrations: Miyoshi, loc. cit., PI. 
XIV, fig. 24 a-b. 

b. Pelochromatium Lauterborn, with 
the single species Pelochromatium roseum 
Lauterborn (Verhandl. naturhist. medi- 
zin. Vereins, Heidelberg, N.F. 1$, 1915, 
424). Forms small colonies in which 
the bacteria are regularly arranged in 
about 5 rows, from 2 to 4 cells high, 
around a colorless central body. The 
entire colony actively motile and be¬ 
haves like a single unit. Individual 
cells bean- or vibrio-shaped, about 1 mi¬ 
cron or less by 2 microns; the barrel- 
shaped colony measures 2.5 to 4 by 4 to 8 


microns. The structure may represent 
a complex of a colorless central bac¬ 
terium surrounded by purple bacteria, 
analogous to Chloroehromatium aggre- 
gatum Lauterborn. Whether such struc¬ 
tures have generic' or even specific taxo¬ 
nomic significance remains to be 
determined. The lack of information con¬ 
cerning the occurrence of sulfur globules 
in the cells makes it doubtful whether 
the organisms are sulfur purple bacteria 
at all. Found twice by Lauterborn in 
mud samples. 

Illustrations: Lauterborn, loc. ci*!., PI. 
Ill, fig. 28, a-c. 

Utermdhl suggested the name Lauler- 
horniola minima Utermdhl (Biol. Zen- 
tralbl., 4$, 1924,605) for the si^l brown¬ 
ish bacteria which form the covering of 
the central body of PelochromatiuM 
roseum; according to this author the cen¬ 
tral body is a larger bacterium, 1.5 by 7 
microns which he named Bndosoma 
palleum. 

c. Thioporphyra Ellis, with the sin^e 
species Thioporphyra volutans BUlis 
(Jour. Roy. Technic. Coll. Glasgow, 
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1926, 165). The account of this pleo¬ 
morphic organism, which is claimed to 
multiply by fission, budding, and prob¬ 
ably spore formation, is wholly uncon¬ 
vincing. The shape and size of some of 
the cells make it appear likely that Ellis 
observed mixtures of various kinds of 
purple sulfur bacteria. 

Illustrations: Ellis, loc. cit , 166, 
fig. 1-14; 171, Micro. I; 172, Micro. II; 
Sulphur Bacteria, London and New 
York, 1932; 153, fig. 33; 154, fig. 34; 156, 
fig. 35; 158, fig. 36. 

Finally, there exist some, as yet un¬ 
named, red to purple bacteria which con¬ 
tain bactcriochlorophyll and carotenoid 
pigments, are capable of photosynthesis 


in the presence of hydrogen sulfide, but 
excrete elementary sulfur as an inter¬ 
mediate oxidation product instead of 
storing sulfur globules inside their cells 
(van Niel, Arch. f. Mikrobiol., 5, 1931, 
63). They are small motile rods, vibrios 
or spirilla, about 0.5 by 1 to 2 microns. 
They may also occur as spherical cells 
of about 1 micron in diameter. They 
can readily be grown in organic media, 
under anaerobic conditions, in illumi¬ 
nated cultures and may be included 
cither with the sulfur purple bacteria or 
with the non-sulfur purple bacteria, 
among which Rhodopaetidomonaa pains- 
Iris is equally capable of photosynthesis 
in the presence of reduced inorganic sul 
fur compounds. 
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FAMILY II. ATHIORHODACEAE MOLISCH.* 

(Molisch, Die Purpurbakterien, Jena, 1907, 28; Rhodobacterioideae Buchanan, 
Jour. Bact., 5,1918,471; Athiorhodohacteria Bavendamm, Ergeb. Biol., IS, 1936,49.) 

Unicellular bacteria, of relatively small size, occurring as spheres, short rods, 
vibrios, long rods and spirals. Motility is due to the presence of polar flagella. 
Gram-negative. They produce a pigment system composed of bacteriochlorophyll 
and one or more carotenoids, coloring the cells yellowish-brown, olive brown, dark 
brown or various shades of red. Color usually not observable with single cells but 
only with cell masses. Generally microaerophilic, although many representatives 
may grow at full atmospheric oxygen tension. Capable of development under 
strictly anaerobic conditions, but only in illuminated cultures by virtue of a photo¬ 
synthetic metabolism. The latter is dependent upon the presence of extraneous 
hydrogen donors, such as alcohols, fatty acids, hydroxy- and keto-acids, and does 
not proceed with the evolution of molecular oxygen. Those members which can 
grow in the presence of air can also be cultivated in darkness, but only under aerobic 
conditions. 


Key to the genera of family Athlorhodaceae. 

I. Cells rod-shaped or spherical, not spiral-shaped. 

Genus I. Rhodopseudomonaa, p. 861. 

II. Cells spiral-shaped. 


Genus II. Rhodospirilium, p. 866. 
Genus 7. Rhodopseudomonas Kluyver and van Niel emend, van Niel. 


(Includes Rhodobacillus Molisch, Die Purpurbakterien, Jena, 1907, 14; Rhodobac- 
ierium Molisch, ibid., 16; Rhodococcus Molisch, ibid., 20; Rhodovibrio Molisch, ibid,, 
21; 72Aodocj/sf 18 Molisch, ibid., 22; Rhodonostoc Molisch, ibid., 23; Rhodosphaera Bu¬ 
chanan, Jour. Bact., 5, 1918,472; Rhodorrhagus Bergey et al., Manual, 3rd ed., 1930, 
635; Rhodomonas Kluyver and van Niel, Cent. f. Bakt., II Abt., 94, 1936, 397; not 
Rhodomonas Orla-Jensen, Cent. f. Bakt., II Abt., 22, 1909,331; Kluyver and van Niel, 
in Czurda and Maresch, Arch. f. Mikrobiol., 8, 1937, 119; van Niel, Bact. Rev., 8, 
1944, 86.) From Greek rhodon, red and pseudomonas, false unit. 

Spherical and rod-shaped bacteria, motile by means of polar flagella. Gram- 
negative. Contain bacteriochlorophyll which enables them to carry out a photo¬ 
synthetic metabolism. The latter is dependent upon the presence of extraneous 
oxidizable substances and proceeds without the evolution of molecular oxygen. 
Though some members can oxidize inorganic substrates, none appears to be strictly 
autotrophic, due to the need for special organic growth factors. Produce accessory 
pigments causing the cultures, especially when kept in light, to appear in various 
shades of brownish-yellow to deep red. 

The genus includes the members of Molisch’s genera Rhodobacterium, Rhode- 
bacillus, Rhodovibrio, Rhodocystis, Rhodonostoc and Rhodococcus, as well as the genera 
Rhodosphaera Buchanan, Rhodorrhagus Bergey et al. and Rhodomonas Kluyver and 
van Niel. 

The type species is Rhodopseudomonas palustris (Molisch) van Niel. 


* Completely revised by Prof. C. B. van Niel, Hopkins Marine Station, Pacific 
Grove, California, January, 1944. 
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to the species of genus Rhodopseudomonas. 

I. Based upon morphological characters. 

1. Cells clearly rod-shaped in all media. 

a. Cells short, somewhat curved, to long branched rods, size of young and 
short cells 0.6 to 0.8 by 1.2 to 2 microns; in older cultures up to 10 mi¬ 
crons long; do not form slime; liquid cultures, when young, or after 
shaking, evenly turbid. Color red to dark brown-red. 

1. Rhodopseudomonas paluslris, 

aa. Cells slender rods, 0.5 by 1.2 microns usually clumped together in exten¬ 
sive slime masses. Cultures pale brown to peach-colored. 

2. Rhodopseudomonas gelatinosa. 

2. Cells more or less spherical in media at pH below 7. 

a. In media at pH about 7 clearly rod-shaped, 1 by 1 to 2.6 microns. Chains 
of cells frequent, and in characteristic zigzag arrangement. 

3. Rhodopseudomonas capsulatus. 

aa. In media at pH above 7 cells still predominantly spherical, 0.7 to 4 mi¬ 
crons in diameter. Mostly single, little tendency to chain formation. 

4. Rhodopseudomonas spheroides. 


II. Based chiefly on physiological properties. 

1. Gelatin liquefied. 

2. Rhodopseudomonas gelatinosa. 

2. Gelatin not liquefied. 

a. Does not produce mucus in media at pH above 8. Color the same under 
aerobic and anaerobic conditions of growth. 

1. Rhodopseudomonas palusiris. 

aa. Produce mucus in media at pH above 8. Color brown in anaerobic, red 
in aerobic culture. 

b. Develops readily in media with 0.2 per cent propionate as the chief 
oxidation substrate. Mucus production marked at pH above 8, 
but very limited between 7 and 8. 

3. Rhodopseudomonas capsulatus. 

bb. Does not develop in media with 0.2 per cent propionate as the main 
oxidation substrate. Slime formation extensive at pH above 7. 

4. Rhodopscudotnonas spheroides. 

III. Based principally upon biochemical characters. 

1. Thiosulfate used as main oxidation substrate. 

1. Rhodopseudomonas palustris. 

2. Thiosulfate not used. 

a. Propionate (0.2 per cent) used. 

3. Rhodopseudomonas capsulatus, 

aa. Propionate not used. 

b. Mannitol and sorbitol (0.2 per cent) used. 

4. Rhodopseudomonas spheroides. 
bb. Mannitol and sorbitol not used. 

2. Rhodopseudomonas gelatinosa. 
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1. RhodopBeudomonas palustrls (Mu> 
lisch) van Niel. (Rhodobacillus palualris 
Molisch, Rhodobacterium capeulalum Mo> 
lisch and Rhodovibrio parvus Molisch, 
Die Purpurbakterien, Jena, 1907, 14, 18 
and 21; Rhodomonas palustris Kluyvcr 
and van Nicl, Cent. f. Bakt., 11 Abt., 
1936, 397; Rhodopseudomonas No. 9 and 
No. 16, Czurda and Maresoh, Arch. f. 
Mikrobiol., 8, 1937, ^20; van Niel, Bact. 
Rev., 8, 1944, 89.) From Latin paluster, 
boggy, marshy. 

Cells: Usually distinctly rod-shaped, 
though in young cultures very short, 
lightly curved rods may often pre¬ 
dominate. Size variable, even for the 
same strain, and strongly influenced by 
age of culture and composition of me¬ 
dium. Rather consistently short cells 
in young cultures in yeast extract, espe¬ 
cially when incubated anaerobically in 
the light, or in anaerobic cultures with 
substrates which permit only a slow and 
scanty development, such as malonate. 
Dimensions in such cultures 0.6 to 0.8 by 
1.2 to 2 microns. More often, especially 
in older cultures, cells are much longer, 
up to 10 microns. Highly characteristic 
is the pronounced tendency to the forma¬ 
tion of irregularly shaped, bent and 
crooked long rods, occasionally swollen 
at one or both extremities, and fre¬ 
quently suggesting branching. Such 
cells usually form clusters reminiscent 
of Corynebacterium and Mycobacterium 
cultures. 

Cells in young cultures actively motile 
by means of polar flagella; irregular and 
long cells as a rule non-motile. Gram¬ 
negative. 

Growth in liquid media never mucoid; 
sediment in older cultures homogeneous 
and smooth, readily redispersible. 

Color: Varies considerably, depending 
upon the medium, and especially in 
anaerobic illuminated cultures. Where 
development is slight (as in malonate, 
thiosulfate, and, usually, glycerol me¬ 
dia), the color is a light pink; in fatty 
acid-containing media more nearly dark 
reddiBh-brown. Color due to bacterio- 


chlorophyll and a number of different 
carotenoid pigments; most strains pro¬ 
duce in addition a water-soluble, non¬ 
carotenoid, bluish-red pigment which 
diffuses into the culture medium. 

In yeast extract cultures growth is 
possible over* the range pH 6 to 8.6. 
With certain substrates, especially fatty 
acids, the combined effect of low pH and 
a substrate concentration of 0.1 to 0.2 
per cent may prevent growth. No char¬ 
acteristic odors save that old cultures 
may develop a distinct ionone-like frag¬ 
rance. Gelatin is not liquefied; leucine 
is generally utilized as a substrate. 

Most strains are able to grow on the 
surface of agar plates or slants; a few, 
especially when first isolated, appear 
more sensitive to oxygen and develop 
only in stabs in which the upper region 
may remain free of growth. Generally 
such strains can be adapted to grow at 
full atmospheric oxygen tension. 

Most fatty acids and hydroxy acids 
are adequate oxidation substrates. All 
cultures can grow at the expense of thio¬ 
sulfate and produce rapid and profuse 
growth in glutarate and ethanol media. 
No development in media containing as 
the chief oxidation substrate 0.2 per cent 
sorbitol, glucose or mannose, even 
though these substances are not inhibi¬ 
tory. Molecular hydrogen can be oxi¬ 
dized. 

All cultures can develop anaerobically 
in illuminated cultures by photo¬ 
synthesis. 

Temperature optimum generally 
rather high, good development being 
possible up to 37®C. However, certain 
strains exhibit a lower temperature 
optimum. 

Distinguishing characteristics: Mor¬ 
phological resemblance to species of 
Mycobacterium in old cultures; ability 
to grow wdth thiosulfate as the chief 
oxidizable substrate, and failure to 
develop in media which contain carbo¬ 
hydrates or sugar alcohols in a concen¬ 
tration of 0.2 per cent as the main oxidls- 
able compounds. 
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Habitat: Regularl]^ found in mud and 
stagnant bodies of water. 

Illustrations4 Moliseh, loc. dL, Plate 
I, fig. 1, 2; Plate II, fig. 10; van Niel, 
loc. eit., fig. 1-^, p. 18, and fig. 18-26, p. 90. 

2. Ithodopseudomonas gelatinosa (Mo* 
lisch) van^Niel. {Rhodocyatia gelaiinoaa 
Molisch, Die Purpurbakterien, Jena, 
1907, 22; van Niel, Bact. Rev., 8, 1944, 
08.) From Latin gelatio, freezing, indi¬ 
cating solidification, or in this case, 
clumping. 

Cells: In young cultures, short and 
small rods, approximately 0.5 by 1 to 2 
microns. In old cultures much longer, 
up to 15 microns, and then irregularly 
curved rods, often swollen and gnarled 
in places up to 1 micron in width. In 
this stage the cells bear some resemb¬ 
lance to those found in old cultures of 
Rhodopaeudomonaa pdluairia, but the 
characteristic MyeohacteriumAike clus¬ 
ters of the latter are absent. Single 
cells infrequent due to a copious mucus 
production in all media which causes 
the cells to clump together. While 
young cells are actively motile by means 
of polar flagella, motility is often diffi¬ 
cult to ascertain as a result of the pro¬ 
nounced tendency to conglomerate; the 
individuals in the clumps appear to be 
non-motile. Gram-negative. Gelatin 
is liquefied; of the single amino acids 
alanine, asparagine, aspartic and glu¬ 
tamic acids appear generally satisfactory 
substrates. 

Color: Quite distinctive in most an¬ 
aerobic cultures as a pale, delicate, pink¬ 
ish shade, rather peach-colored. Only 
in the presence of rather high concentra¬ 
tions of yeast extract (when a much 
heavier growth is obtained than with low 
concentrations supplemented with 0.2 
per cent of various single oxidation sub¬ 
strates) do the slimy cell masses appear 
a dirty, faded brown. Color is due to 
bacteriochlorophyll and carotenoid pig¬ 
ments. Occasionally a water-soluble, 
non-carotenoid, bluish-red pigment is 


produced which diffuses into the culture 
medium. 

In yeast extract, growth occurs over a 
pH range extending from at least 6.0 
to 8.5. 

Cultures produce a characteristic 
acrid odor. 

More sensitive to fatty acids than 
other species of Rhodopaeudomonaa] with 
0.2 per cent propionate no growth occurs. 
The best single oxidizable substrates 
appear to be ethanol, glucose, fructose 
and mannose, as well as a variety of 
amino acids. Citrate also permits good 
growth; not, on the other hand, glycerol, 
mannitol, sorbitol or tartrate in the 
usual concentration of 0.2 per cent. 

Thiosulfate is not oxidized; behavior 
towards molecular hydrogen unknown. 

More pronouncedly microaerophilic 
than the other Rhodopaeudomonaa spe¬ 
cies; most cultures cannot develop on 
aerobically incubated slants or agar 
plates. 

Capable of strictly anaerobic develop¬ 
ment in illuminated cultures by virtue 
of a photosynthetic metabolism. 
Temperature relations so far unknown. 
Distinguishing properties: The small 
size of the individual cells, and the pro¬ 
nounced clumping which causes the 
cultures to be exceptionally stringy; the 
unusual color of the cell masses; the 
ability to liquefy gelatin, to utilize ci¬ 
trate and a number of amino acids. 
Correlated with these is the failure to 
grow in media with 0.2 per cent pro¬ 
pionate, tartrate and glycerol. 

Habitat: Regularly present in stagnant 
bodies of water and in mud. 

Illustrations: Molisch, loc, cit., Plate 
I, fig. 8; van Niel, loc. ctL, fig. 55-60, 
p. 99; fig. 61-06, p. 100. 

3. Rhodopseudomonas capsulatus (Mo¬ 
lisch) van Niel. {Rhodonoatoe capau- 
laium Molisch, Die Purpurbakterien, 
Jena, 1907, 23; van Niel, Bact. Rev., 8, 
1944, 92.) From Latin eapatda, con¬ 
tainer (sheath). 
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Cells; Depending upon the pH of the 
medium, cells nearly spherical, or as dis¬ 
tinct rods, often devoid of motility. 
Motility due to polar flagella. The 
spherical cells are found in media with a 
pH below 7; they are usually arranged 
in chains resembling streptococci. Rod¬ 
shaped cells are characteristic for media 
with pH above 7; the higher the pH, 
the longer the rods. Individual cells 
slightly less than 1 micron wide, although 
attenuated rods (about 0.5 micron in 
width) are frequent at pH above 8, and 
slightly swollen cells (to 1.2 microns) are 
found in media containing sugars. 
Length varies from 1 to 6 microns; most 
common dimensions in approximately 
neutral ^edia 2 to 2.5 microns. At pH 
above 8 abnormal growth in the form 
of irregular filaments. Outstandingly 
characteristic is the zigzag arrangement 
of the cells in chains. 

Cultures in media of pH 8 or above are 
distinctly mucoid. Gram-negative. 

Color: Anaerobic cultures develop 
with a brown color, the shade ranging 
from a light yellowish-brown to a deep 
mahogany brown. When grown in the 
presence of oxygen, the cultures are 
dark red. Even the pigmentation of the 
brown-colored organisms from an an¬ 
aerobic culture can be changed into a 
distinct red by shaking a suspension with 
air for some hours; light enhances the 
rate of this color change. Color due to 
bacteriochlorophyll and carotenoid pig¬ 
ments. No diffusible water-soluble pig¬ 
ment is produced. 

Growth possible over a pH range from 
at least 6 to 8.5, morphology becoming 
abnormal in the alkaline media. 

Most cultures are odorless, although 
occasionally a faint peach-like odor can 
be detected. 

Growth is not inhibited by the pres¬ 
ence of oxygen, although the pigmenta¬ 
tion is thereby affected. 

Fatty acids and most substituted acids 
are satisfactory substrates. Rapid and 
abundant growth with propionate at a 


concentration of 0.2 per cent. At this 
same concentration glutaric acid leads, 
at best, to very meager cultures, while 
tartrate, citrate and gluconate fail to 
induce growth, as do also ethanol, 
glycerol, mannitol and sorbitol. In 
media with 0.2 per cent glucose or fruc¬ 
tose good growth is obtained. No 
growth with mannose. Thiosulfate is 
not, but molecular hydrogen can be, oxi¬ 
dized by this species. 

Gelatin is not liquefied; of the amino 
acids alanine and glutamic acid are satis¬ 
factory substrates, w^hile leucine is not 
utilized. 

Distinguishing properties: Cell shape 
and arrangement in chains; brown color 
of anaerobic, red pigmentation of aerobic 
cultures; ability to grow' in media with 
0.2 per cent propionate, glucose, fruc¬ 
tose, alanine and glutamic acid; failure 
to develop with leucine, as well as with 
ethanol, glycerol, mannitol and sorbitol 
in the above-mentioned concentration. 

All cultures can develop anaerobically 
in illuminated cultures by a photosyn¬ 
thetic metabolism. 

Temperature optimum distinctly lower 
than for Rhodopsevdomonas palustriSf 
and, as a rule, around 25^0. 

Habitat: Regularly found in stagnant 
bodies of water and in mud. 

Illustrations: Molisch, loc. cit., Plate 
II, fig. 9; van Niel, loc. ciL, fig. 4-6, 
p. 19; fig. 27-32, p. 92, and fig. 33-38, 
p. 93. 

4. Rhodopseudomonas spheroides van 

Niel. {Rhodococcus capsulatus Molisch, 
Die Purpurbakterien, Jena, 1907, 20; 
Rhcdococcus minor Molisch, ibid., 21; 
Rhodosphaera capsulata Buchanan, Jour. 
Bact., S, 1918, 472; Rhodosphaera minor 
Bergey et al., Manual, 1st ed., 1923, 405; 
Rhodorrhagus minor Bergey et al., 
Manual, 3rd ed., 1930,535; Rhodorrhagus 
capsulatus Bergey et al.. Manual, 3rd 
ed., 1930, 535; van Niel, Bact. Rev., 8, 
1944, 95.) From Latin sphaera, a round 
body and Greek eidos, form of. 
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Cells: Generally single^ nearly spheri¬ 
cal, diameter n^dthout slime capsule 
variable, depending upon medium, rang¬ 
ing from 0.7 to 4 microns. In young 
cultures actively motile by means of 
polar flagella; motility soon ceases in 
media which are or become alkaline. 
Copious slime production in media at 
pH above 7. In strongly alkaline cul¬ 
tures abnormal cell-shapes occur in the 
form of irregular, swollen and distorted 
rods, often having the appearance of 
spore-bearing cells, simulated by the 
production of fat bodies. In sugar-con¬ 
taining media egg-shaped cells, meas¬ 
uring as a rule 2.0 to 2.5 by 2.5 to 3.5 
microns, are frequently found. Gram¬ 
negative. 

Color: Anaerobic cultures develop with 
brown color, ranging in shade from 
a light, dirty greenish-brown to a dark 
brown. Cultures grown in the presence 
of oxygen are distinctly red. As in the 
case of Rhodopseudomonas capaulatm, 
the brown color of an anaerobic culture 
can be changed to red by shaking with 
air, light stimulating the color change. 
Color due to bacteriochlorophyll and 
carotenoid pigments. The large ma¬ 
jority of cultures of this species produces 
in addition a water-soluble, non-caro- 
tenoid, bluish-red pigment which diffuses 
into the culture medium. 

Gelatin is not liquefled, and growth 
with single amino acids appears some¬ 
what erratic. No definite correlations 
have been observed. 

^^Development is possible over a wide 
pH range, extending from at least 6.0 
to 8.5. 

All cultures exhibit an unpleasant pu¬ 
trid odor. 

Requires for optimal development 
higher concentrations of yeast extract 


as a supply of growth factors than either 
Rhodopseudomanas palustris or Rhodo- 
pseudomonaa capaulaiua and is more 
sensitive to low fatty acid concentra¬ 
tions. With 0.2 per cent propionate in 
a neutral medium, no growth occurs; 
caproic and pelargonic acids arc toxic in 
concentrations below 0.1 per cent. On 
the other hand, tartrate and gluconate 
can serve as oxidation substrates, as can 
also ethanol, glycerol, mannitol, sorbi¬ 
tol, glucose, fructose and mannose in 
0.2 per cent concentrations. 

In sugar-containing media, acid is pro¬ 
duced; the pH may drop to below 4.0 
before development ceases. Acid pro¬ 
duction from glucose occurs both in 
presence and absence of air, and in 
illuminated as well as in non-illuminated 
cultures. In cultures exposed to light, 
the acid usually disappears later on. 

Thiosulfate is not oxidized; hydrogen 
oxidation has not been observed. 

Oxygen does not prevent growth; 
colonies develop on the surface of agar 
plates exposed to air, with a red pig¬ 
mentation. Capable of strictly an¬ 
aerobic development in illuminated cul¬ 
tures by photosynthesis. 

Temperature optimum below 30®C. 

Distinguishing properties: Spherical 
cell-shape in most media; brown color of 
anaerobic and red pigmentation of 
aerobic cultures; growth with 0.2 per 
cent tartrate, gluconate, ethanol, glyc¬ 
erol, mannitol, sorbitol, glucose, fruc¬ 
tose and mannose; failure to grow with 
0.2 per cent propionate. 

Habitat: Regularly found in stagnant 
bodies of water and in mud. 

Illustrations: Molisch, loc. cii., Plate 
II, fig. 15; van Niel, loc. cii., fig. 7-8, 
p. 19; fig. 39-45, p. 96;, fig. 46-51, p. 97. 


. Oenua IL RhodospiriUum Moliach emend, van Niel, 

(Molisch,DiePurpurbakterien, Jena, 1907,24;van Niel,Bact.Rev.,8,1044,86; the 
genus now includes genus Phaeoapirillum Kluyver and van Niel, Cent.'f. Bakt., 
II Abt., #4i 1986, 806.) From Greek rhodan, red and M.L. apirillum, spirillum. 
£^ral-l^pped hgcteiia, motile by means of polar flagella. Gram-negative.- 
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Contain bacteriochlorophyll and are potentially photosynthetic in the presence of 
extraneous oxidizable substances. Molecular oxygen is not produced. Unable to 
grow in strictly mineral media, even when possessed of the ability to utilize hydrogen 
as oxidizable substrate, due to the need for organic nutrilites. Prodpce accessory 
pigments causing the cultures, especially when grown in the light, to appear in 
various shades of red to brown. 

The type species is Rhodospirillum rubrum (Esmarch) Molisch. 

Key to the species of genus Rhodospirillum. 

I. Cultures red; cells well over 0.6 micron, usually about 1 to 1.2 microns in width. 

1. Rhodospirillum rubrum. 

II. Cultures brown to orange; cells 0.5 micron or less in width. 

2. Rhodospirillum fulvum . 


1. Rhodospirillum rubrum (Esmarch) 
Molisch. (Spirillum rubrum Esmarch, 
Cent. f. Bakt., f, 1887, 225; Molisch, Die 
Purpurbakterien, Jena, 1907, 25; Rhodo¬ 
spirillum photometricum Molisch, ihid.^ 
24; Rhodospirillum giganieum Molisch, 
ibid.^ 24; Rhodospirillum longum Hama, 
Jour. Sci. Hiroshima IJniv., Ser. B, Div. 
2, /, 1933, 135; Rhodospirillum gvacih 
Hama, ibid., 159.) From Latin ^uhei, 
red. 

Cells. Characteristically spiral- 
shaped, but size of elements variable 
within wide limits, depending upon en¬ 
vironmental conditions during growth. 
Width of cells from 0.5 to 1.5 microns; 
length from 2 to 50 microns, and over; 
even in a single culture such differences 
may be found. Also the shape and size 
of the spiral coil varies much; it usually 
ranges between 1 to 4 microns in width, 
and from 1.5 to 7 microns in length. In 
alanine media the majority of the cells 
occurs in the form of half-circles to com¬ 
plete rings; malate media tend to pro¬ 
duce much flattened spirals. 

In old cultures involution forms ap¬ 
pear, straightened spirals and irregularly 
swollen cells, the latter common in 
media with higher fatty acids. Such 
cells stain irregularly, contain fatty in¬ 
clusions, and are occasionally branched. 

Mucus is not produced. In calcium- 
deficient media the growth is flocculent, 
as if agglutinated. With an adequate 
calcium supply the growth in liquid 


media is homogeneous, suspended, and 
consists of single cells. 

Young cultures show- active motility, 
due to polar flagella. Gram-negative. 

Gelatin is not liquefied; the amino 
acids alanine, asparagine, aspartic and 
glutamic acids are satisfactory oxidiz¬ 
able compounds. 

(’olor; Ordinarily deep and dark red. 
without any brownish tinge. In ethanol 
media lighter, and a characteristic pink. 
Pigment production markedly influenced 
by o.xygen and light. Slants incubated 
in darkness present a pale grayish sur¬ 
face growth with a faint reddish hue, 
while often showing deep-red cell masses 
in the region between glass wall and agar 
surface where development proceeds at 
low o.xygen tension. The color is due to 
bacteriochlorophyll and carotenoid pig¬ 
ments. Among the latter spirilloxan 
thin is quantitatively predominant. 
Water-soluble, diffusible pigments are 
not produced. 

Development possible over a pH range 
of at least 6 to 8.5, although, as in other 
cases, the combination of an acid reac¬ 
tion and the presence of fatty acids may 
prevent grow’th. 

Cultures produce a distinctive odor, 
reminiscent of slightly putrid yeast. 

In general, grow well with fatty acids 
as the chief oxidizable substrate; how¬ 
ever, are prevented from growing by 
0.2 per cent propionate in a neutral 
medium. Most substituted acids are 
equally satisfactory, with the exception 
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of tartrate, gluconate and citrate. In a 
concentration of 0.2 per cent, ethanol is a 
suitable substrate, whereas the carbo¬ 
hydrates and their corresponding poly* 
alcohols are not utilized. 

Thiosulfate is not oxidized; molecular 
hydrogen can be used by some strains. 

Rather microaerophilic; many strains 
upon initial isolation incapable of growth 
at atmospheric oxygen tension. Subse¬ 
quent adaptation can be induced. But 
even such adapted cultures exhibit nega¬ 
tive chemotaxis to air. 

Capable of strictly anaerobic develop¬ 
ment in illuminated cultures on the basis 
of a photosynthetic metabolism. 

Temperature optimum generally be¬ 
tween 30® and 37®C. 

Distinguishing properties: The most 
important characteristics of the species 
are the spiral shape, combined with the 
ability to produce a red pigment with a 
definite absorption maximum at 550 
millimicrons in the intact cells. Diag¬ 
nostically useful are the good growth in 
media with 0.2 per cent ethanol, alanine, 
asparagine, aspartate or glutamate, and 
the inadequacy of similar concentrations 
of carbohydrates and thiosulfate as 
substrates. 

Habitat: Regularly present in stagnant 
bodies of water and in mud. 

Illustrations: Molisch, loc. di., Plate 
I, fig. fi-7; van Niel, Bact. Rev., 3, 1944, 
fig. 9-10, p. 19; fig. 11-16, p. 24; fig. 67- 
76, p. 103; fig. 76-84, p. 104; fig. 85-90, 
p. 106; fig. 91-96, p. 107. 

2. Rhodospirlllttin fulvum van Niel. 
(Bact. Rev., 8, 1944, 108.) From Latin 
ftdvum, yellowish, tawny. 

Characteristic for the species is the 
very small size of the individual cells. 
These are not over 0.6 micron wide, and 
generally not longer than 2.5 microns. 
The most common shape consists of a 
complete turn of about 1 by 1.5 microns. 
In media with fatty acids as a substrate 
the spirals appear somewhat steeper than 
in fumarate, succinate or malate cul¬ 
tures. Swollen individuals resembling 


vibrios are encountered in cultures which 
do not appear qui t c heal t hy. Format ion 
of mucus or clumping lias not been ob¬ 
served. 

Gelatin is not liquefied; aspartate has 
been the only amino acid capable of in¬ 
ducing growth. Thiosulfate is not oxi¬ 
dized. 

Color; Quite distinct from that of 
Rhodo$pirillum ruhrum ; colonies and 
stab cultures are a reddish-brown, while 
liquid cultures often appear brownish- 
orange. The color is due to bacterio- 
chlorophyll and carotenoid pigments; 
among the latter spirilloxanthin, as evi¬ 
denced by the absence of an absorption 
maximum at 550 millimicrons, is not 
represented as a major constituent. 
Does not produce water-soluble, diffus-. 
ible pigments. 

Capable of strictly anaerobic develop¬ 
ment in illuminated cultures, due to 
photosynthetic metabolism. 

Fatty acids and the four-carbon dioar- 
boxylic acids are uniformly good sub¬ 
strates; glutarate is not used. Ethanol 
and glucose, in a concentration of 0.2 per 
cent, have yielded satisfactory cultures; 
other carbohydrates, as well as the corre¬ 
sponding poly alcohols, have given nega¬ 
tive results. 

Little information available concern¬ 
ing pH and temperature relations. Be¬ 
haves generally as a strict anaerobe; 
adaptation to microaerophilic conditions 
has not been achieved. Negative aero- 
taxis very pronounced. 

Distinguishing properties: The small 
size and the color of the cultures serve 
as adequate criteria for its differentia¬ 
tion from Rhodospirillum ruhrum. The 
strictly anaerobic nature and the failure 
to grow with glutarate and various 
amino acids except aspartate can prob¬ 
ably be used as supplementary specific 
properties. 

Habitat: Bodies of stagnant water and 
mud. 

Illustrations: Van Niel, loc. cit., fig. 
97-102, p. 109. 
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FAMILY III. CHLOROBACTERIACEAE QEITLER AND PASCHER.* 

{Cy(inochloridifio>€’‘Chlorob(icteriaceaB Geitler and Pascher, Di© Stisswasserflora 
Deutschlandfl, (Jsterreichs und der Schweiz, Jena, li, 1926, 461; Chloroihiohacieria 
Bavendamm, Ergeb. Biol., IS, 1936, 49.) 

Green bacteria, usually of small size, occurring singly or in cell masses of various 
shapes and sizes, developing in environments containing rather high concentrations 
of hydrogen sulfide and exposed to light. As a rule not coptaining sulfur globules 
but frequently depositing elementary sulfur outside the cells. Contain green pig¬ 
ments of a chlorophyllous nature, though not identical with the common green plant 
chlorophylls nor with bacteriochlorophyll. Capable of photosynthesis in the pres¬ 
ence of hydrogen sulfide; do not liberate oxygen. 

A number of genera have been proposed, characterized by special colonial growth 
forms, others on the basis of a supposed symbiotic habitus, where the green bacteria 
grow in more or less characteristic aggregates together with other micro-organisms. 
In view of the variations in size and shape exhibited by the only member of this 
group which has so far been obtained and studied in pure culture (van Niel, Arch. f. 
Mikrobiol., 5,1931, 65ff.) the validity of many of these genera is doubtful. The fol¬ 
lowing keys and descriptions, therefore, bear a strictly provisional character. Here, 
as in the case of the sulfur purple bacteria, significant advances can only be expected 
from pure culture studies under controlled environmental conditions. 

Key io the genera of family Chlorobacterlaceae. 

I. Free-living bacteria not intimately associated with other microbes, 
a. Bacteria not united into well defined colonies. 

Genus I. Chlorohium, p. 869. 
aa. Bacteria united into characteristic aggregates, 
b. Bacteria without intracellular sulfur globules. 

Genus II. Pelodictyon, p. 870. 
bb. Bacteria with intracellular sulfur globules. 

Genus III. Claihrochloris, p. 872. 

II. Green bacteria found as symbiotic aggregates with other organisms, 
a. Aggregates composed of green bacteria and protozoa. 

Genus IV. Chlorobacterium, p. 872. 
aa. Aggregates composed of two different types of bacteria. 

b. Aggregates small, barrel-shaped, actively motile, and consisting of a 
central, polarly flagellated, rod-shaped bacterium with a covering of 
green sulfur bacteria. 

Genus V. Chlorochromatium, p. 873. 

bb. Aggregates large, cylindrical, non-motile, and composed of a central 
filamentous bacterium with a more or less extensive covering of green 
sulfur bacteria. 

Genus VI. Cylindrogloea, p. 873. 

Qenue L Chloroblum Nadeon, 

(Nadson, Bull. Jard. Imp4r. Botan., St. P4tersb., IS, 1912, 64 (Russian), 83 (Ger¬ 
man) ; Chloronoetoc Pascher, Die Stlsswasserflora Deutschlands, Osterreichs und der 
Schweiz, Jena, IS, 1926, 466; Tetrachlorie Pascher, ibid., 456; Sorochloris? Pascher, 

• Completely revised by Prof. C. B. van Niel, Hopkins Marine Station, Pacific 
Grove, California, January, 1944. 
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ihid.f 456; Chlcropneudimonaa} Czurda and Maresch, Arch. f. Mikrobiol.i S, 1937, 
123; in part, Pdogloea Lauterborn, Verhandl. naturhistor.-medizin. Vereins, IIeidel> 
berg, N.F. 15,1915,430.) From Greek chloroa, green and bios, life. 

Green sulfur bacteria, occurring singly or in chains, individual cells of various 
sizes and shapes, from spherical to relatively long rod-shaped, the latter sometimes 
coiled into tight spirals; often united in chains, and generally embedded in a slime 
capsule. Non-motile. Contain a chlorophyllous pigment different from the com¬ 
mon green plant chlorophylls and from bacterio-chlorophyll. Capable of photosyn¬ 
thesis in the presence of hydrogen sulffde, during which they produce elementary 
sulfur which is excreted outside the cells. Do not form spores. 

The type species is Chlorohium limicola Nadson. 


1. Chloroblum limicola Nadson. 
(Nadson, Bull. Jard. Imp4r. Botan., St. 
Pdtersb., /f, 1912, 64 (Russian), 83 
(German); Chloronosioc abbreviatum Pas- 
cher, St&sswasserflora Deutschlands, 
Osterreichs und der Schweiz, Jena, 
12, 1925, 456; Tetrachloris inconstana 
Pascher, ibid., 456; SorocMoris c^gre- 
gata} Pascher, ibid,, 455; in part Pelo- 
gloea cklorina Lauterborn, 'Verhandl. 
naturhistor.-medizin. Vereins, Heidel¬ 
berg, N.F. /5, 1915, 430.) From Latin, 
mud-dweller. 

Cells: Various shapes and sizes, mark¬ 
edly dependent upon environmental 
conditions. In young and healthy state 
predominantly spherical to ovoid, about 
0.5 to 1 micron in diameter, frequently 
united in chains resembling streptococci. 
Often cells become elongated and appear 
as rods, generally about 0.7 micron by 
1 to 2.5 microns; also these may remain 
united in chains. Regularly produce 
mucus, causing the formation of cell- 
conglomerates of different size and shape, 
but not, as a* rule, of characteristic 
appearance. 


Color yellowish-green. Non-motile. 

Abnormal cell forms (involution 
forms) rather common. These may be 
larger spherical cells, up to 5 to 6 microns 
in diameter, the larger ones generally 
vacuolated, or long rods, occasionally 
club-shaped but more often coiled. In 
rare cases the latter may be loosely 
wound. More frequently they are 
tightly-coiled screws, with cells of about 
0.5 micron in diameter by as much as 15 
microns in length. The spherical in¬ 
volution forms arc normally encountered 
in acid, the coiled ones in alkaline en¬ 
vironments. 

Strictly anaerobic and apparently 
dependent upon hydrogen sulfide and 
light. Development in organic media 
has not been obtained. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light; 
more rarely in sulfur springs. 

Illustrations: Nadson, loc. cit., PI. Ill, 
fig. 3-12; van Niel, Arch. f. Mikrobiol., 
5, 1931, 66, fig. 8. 


Genua 11. Pelodictyon Lauterborn. 

(Lauterborn, Allgem. botan. Ztschr., 19, 1913,98; Verhandl. naturhistor.-medizin. 
Vereins, Heidelberg, N.F. IS, 1915, 431; Schmidlea loc. cit., Lauterborn, Allgem. 
botan. Zeitschr., 19, 1913, 97; in part, Pelogloea Lauterbe/rn, Verhandl. naturhist. 
medizin Vereins, Heidelberg, N.F. 13, 1915,4^; Pediochloria Geitler, Die Stlsswasser- 
flora^ Deutschlands, Osterreichs und der Schweiz, Jena, 12, 1925, 457.) From Greek 
pefos, mud and dictyon, net. 

Green sulfur bacteria, individual cells ovoid to distinctly rod-shaped, producing 
rather extensive mucoid capsules, and generally united into large colonies of char¬ 
acteristic shapes. Non-motile. Contain chlorophyllous pigments different from 
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the common green plant chlorophylls and from bacteriochlorophyll. Capable of 
photoeynthesis in the presence of h^'drogen sulfide, but do not store sulfur globules 
inside the cells. 

The type species is Pelodictyon clalhratiforme (Szafer) Ijauterborn. 


Key to the species of genus Pelodictyon. 

I. Cells united in colonies in a net dike fashion. 

1* Pelodictyon clalhratiforme. 

II. Cells arranged in tightly packed colonies without net-like*structure. 

a. Colonies composed of irregularly arranged cell-masses, extending in three 
dimensions. 


2. Pelodictyon aggregatum. 

aa. Colonies consisting of parallel strands and extending in two dimensions. 

3. Pelodictyon parallelurn. 


1. Pelodictyon clathratiforme (Szafer) 
Lauterborn. (Aphanolhece clathrati¬ 
forme Szafer, Bull. .4cad. Sci., Cracovie, 
Sdr. B,S, 1910, 162; Lauterborn, Allgem. 
botan. Ztschr., 19, 1913, 98; Lauterborn, 
Verhandl. naturhist.-medizin. Vercins, 
Heidelberg, N.F. 13, 1915, 430; Pelodic¬ 
tyon clathratiforme Geitlcr, Die Stiss- 
wasserflora Deutschlands, Osterreichs 
und der Schweiz, Jena, 12, 1925, 458; 
Pelodictyon lauterhornii Geitler, ibid., 
458.) From Greek clathros, trellis and 
for mis, shape. 

Cells: Generally rod-shaped, ranging 
from slightly elongated ovoids to dis¬ 
tinct rods, often vacuolated, about 0.5 
to 1.5 micron by 2 to 4 microns, produc¬ 
ing rather wide slime capsules, and 
characteristically united into three- 
dimensional colonies which present a 
net-like appearance, with mazes of 
about 10 to 50 microns. 

Color yellowish-green. Non-motile. 

Abnormal cell forms (involution 
forms) not uncommon, consisting of 
elongated and curved, forked, or club- 
shaped and swollen rods, occasionally 
suggesting rudimentary branching at the 
extremities. Such cells may be found 
as elements in chains for the greater 
part composed of normal individuals. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light; 
sulfur springs. 

Illustrations: Szafer, loc. ctL, PL VI, 


fig. 5; Perfiliev, Jour. Microbiol. (Rus¬ 
sian), 1, 1914, PI. II, fig. 1, 5-12; Lauter¬ 
born, loc. cit., 1915, PI. Ill, fig. 33. 

2. Pelodictyon aggregatum Perfiliev. 

{Aphanothece lutecla Schmidle, Beihefte 
Botan. Cent , 10, 1901, 179; Schmidlea 
luteola Lauterborn, Allgem. botan. 
Ztschr., 19, 1913, 97; Lauterborn, Ver¬ 
handl. naturhistor.-medizin. Vereins, 
Henlelberg, N.F., IS, 1915, 429; Pelo^ 
gloea bacillifcra Lauterborn, ibid., 430; 
Perfiliev, Jour. Microbiol. (Russian), /, 
1914, 197.) From Latin aggregatus, 

leading together, grouping. 

Colls; Tsually rod-shaped, about 1 to 
1.5 microns by 2 to 4 microns, often 
vacuolated, producing mucus capsules, 
and united into irregularly shaped, 
three-dimensional colonics in which the 
cells are more or less tightly packed, 
without orderly arrangement. Colonies 
may attain a size of up to 1 mm; fre¬ 
quently they are not fully compact, but 
contain less dense areas, or appear per¬ 
forated, thus forming transition stages 
to Pelodictyon clathratiforme. 

Color yellowish-green. Non-motile. 

Abnormal cell forms (involution 
forms) usually in the shape of elongated 
and curved, forked or club-shaped* and 
swollen rods, -occasionally suggesting 
branching at extremities. 

Habitat: Mud and stagnant water, con* 
taining rather high concentrations of 
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hydrogen sulfide> and exposed to light; 
sulfur springs. 

Illustrations: Perfiliev, loc. cit., PL II, 
fig. 2; Lauterborn, loc. dt,, PL III, fig. 
29-31. 

3. Pelodictyon parallelum Perfiliev. 
{AphanoO^ce parallela Szafer, Bull. 
Acad. Sci., Cracovie, S4r. B, 5,1910,163; 
Perfiliev, Jour. Microbiol. (Russian), 1 , 
1914, 198; Pediochloris parallela Geitler, 
Die Sfisswasserflora Deutschlands, Os- 
terreichs und der Schweiz, Jena, 1925, 
457.) From Latin parallelus, beside 
one another. 

Cells: Rather small, spherical to ovoid, 
or even rod-shaped; about 0.5 to 1 micron 


by 1 to 3 micronsj occurring in chains, 
and forming flat, plate-like, two-dimen¬ 
sional aggregates in which the chains are 
arranged as parallel strands. 

Color yellowish-green. Non-motile. 

Abnormal cell forms not specifically 
mentioned, but likely to occur, and to 
4*esemble those of other species. 

This species may well be a special 
growth-form of Chlorohium limicola. 

Habitat: Mud and stagnant water con¬ 
taining^ rather high concentrations of 
hydrogen sulfide and exposed to light; 
sulfur springs. 

Illustrations: Szafer, loc. cit., PL VI, 
fig. 7; Perfiliev, loc. cii., PL II, fig. 2. 


Genus 111. Clathrochlorls Geitler. 

(Die BOsswasserflora Deutschlands, Osterreichs und der Schweiz, Jena, IF, 1925, 
457.) From Greek elaihroa, trellis and chloroa, green. 

Green sulfur bacteria of small sizoi generally spherical, and arranged in chains 
which are united into loose, trellis-shaped aggregates, somewhat similar to those of 
Pelodictyon dathratiforme and Pelodictyon aggregatum. Cells usually contain sulfur 
globules. Color yellowish-green. Non-motile. 

The type species is Clathrochloria sulphurica (Szafer) Geitler. 


1. Clathrochlorls sulphurica (Szafer) 
Geitler. (Aphanothece sulphurica Sza¬ 
fer, Bull. Acad. Sci., Cracovie, S4r. B, S, 
1910, 162; Geitler, Die Stlsswasscrflora 
Deutschlands, Osterreichs und der 
Schweiz, Jena, 12, 1925, 457.) From 
Latin, containing sulfur. 

Cells: Spherical, about 0.5 to 0.7 mi¬ 
cron in diameter, usually containing 
sulfur globules. Color yellowish-green. 
Non-motile. 

The reported occurrence of sulfur 
globules in the cells of this very small 
species is surprising; it is the only one 


among the green sulfur bacteria in which 
these inclusions have been encountered. 
The published descriptions are even more 
fragmentary than those of other mem¬ 
bers of the group. 

Source: Reported only from sulfur 
springs in Lubidn Wielki, near Lwow, 
Poland. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light; 
sulfur springs. 

Illustration: Szafer, loc. cit., PL VI, 
fig. 6. 


Genua IV. Chlorobacterlum Laufer&orn. 

(LAUterbom, Verhandl. naturhist.-medlzin. Vereins, Heidelberg, N.F., 1$, 1915, 
429; not Chlorobacterium Guillebeau, Landw. Landw. Jahrb. d. Schweiz, 4$ 32; 

Ckrooatipea Pascher, Die Stisswasserflora Deutschlands, Osterreichs und der Schweiz, 
Jena, 12, 1925,116.) From Greek chloroa, green and Latin bacterium, a small rod. 

Green sulfur bact6ria(?) which grow symbiotically as an outside covering on cells 
of protozoa, such as amoeba and flagellates. Cells rod-shaped, often slightly curved, 
greenish. Non-motile. 

The type qiecies is Chlorchacteritm aymbioticum Lauterbom. 
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1. Chlorobacterium symbiotlcum Lau- 
terborn. (Lauterborn, Verhandl. na- 
turhist.-medizin. Vereins, Heidelberg, 
N.F., 19f 1915, 429; Chrooatipea linearis 
Pascher, Die SOsswasserflora Deutsch- 
lands, Osterreichs und der Schweiz, 
Jena, 19^ 1925,116.) From Greek, living 
symbiotically. 

Cells: Rod-shaped, about 0.5 by 2 to 5 
microns, often slightly curved. Non- 
motile. 

Occur as a peripheral covering of cer¬ 
tain protozoa with which they may form 
a symbiotic unit. 


It is not certain that this is a green 
sulfur bacterium; *tbe description of 
localities where it was found fail to 
mention the presence of hydrogen sul¬ 
fide in the environment which should be 
a prerequisite for a member of this 
group. 

Source: Reported from a number of 
pools in Germany. 

Habitat: Stagnant water. 

Illustrations: Lauterborn, loc. cit., 
PI. Ill, fig. 34-36; Pascher, loc. cit., 
fig. 149. 


Genus V. Chlorochromstium Lauterborn. 

(Lauterborn, Allgem. botan. Ztschr., 19, 1906, 196; Chloronium Buder, Ber. d. 
deut. bot. Ges., 91, 1914, Generalversammlungsheft, 80.) From Greek chloros, green 
and chroma, color. 

Green sulfur bacteria, ovoid to rod-shaped with rounded ends, occurring as barrel- 
shaped aggregates, consisting of a rather large colorless bacterium with a polar flagel¬ 
lum as the center, surrounded by the green bacteria, arranged in 4 to 6 rows, ordi¬ 
narily from 2 to 4 cells high. The entire conglomerate behaves like a unit, is motile» 
and multiplies by the more or less simultaneous fission of its components. 

The green constituents contain a chlorophyllous pigment which is not identical 
with the common green plant chlorophylls or with bacteriochlorophyll. Capable 
of photosynthesis in the presence of hydrogen sulfide, but do not store sulfur globules 
in the cells. 

The type species is Chlorochromatium aggregatum Lauterborn. 


1. Chlorochromatium aggregatum Lau¬ 
terborn. (Lauterborn, Allgem. botan. 
Ztschr., 19, 1906, 196; Chloronium mira- 
bile Buder, Ber. deut. botan. Ges., 91, 
1914, Generalversammlungsheft, 80.) 
From Latin aggregatus, grouped. 

Cells of the green component 0.5 to 
1.0 by 1.0 to 2.5^ microns, mostly from 8 
to 16 individuals surrounding the central 
bacterium. Size of the total barrel¬ 
shaped unit variable, generally 2.5 to 5 
by 7 to 12 microns. Occasionally a group 
of the complex colonies may remain at¬ 
tached in a chain. 

Anaerobic. 

Habitat: Mud and stagnant water con¬ 


taining rather high concentrations of 
hydrogen sulfide and e.xposed to light. 

There is at present no good reason for 
distinguishing 2 varieties (forma typica 
and forma minor) or even species, on the 
basis of size differences of the colony, 
as Geitler proposed (Die SUsswasser- 
fiora Deutschlands, Osterreichs und der 
Schweiz, Jena, 19, 1925, 460). The re¬ 
ported and |)er8onally observed sizes of 
such units show that the extreme limits 
are linked by a complete series of transi¬ 
tions. 

Illustrations: Buder, loc. cit., PI. 
XXIV, fig. 1-5; Perfiliev, Jour. Micro¬ 
biol. (Russian), 1, 1914, 213, fig. 1-5. 


Genus VI. Cylindrogloea Perfiliev. 

(Jour. Microbiol. (Russian), 1, 1914, 223.) From Latin eylindrus, cylinder and 
Greek gloios, a glutinous substance. 
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Green sulfur bacteria, consisting of small ovoid to rod-shaped cells, growing in 
association with a ^fUamentous, colorless, central bacterium, thus forming colonies 
of a cylindrical shape. Non-motile. The green component contains a chlorophyl- 
lous pigment different from the common chlorophylls of green plants and from bac- 
teriochlorophyll. Capable of photosynthesis in the presence of hydrogen sulfide, 
without depositing sulfur globules in the cells. 

The type species is Cylindrogloca hacterifera Perfiliev. 


1. Cylindrogloea hacterifera Perhliev. 
(Jour.Microbiol. (Russian),f, 1914,223.) 
From Latin bacler, rod and fero, to 
bear. 

Individual green components ovoid to 
rod-shaped, about 0.5 to 1 by 2 to 4 mi¬ 
crons, very similar to those of the com¬ 
plex Chlorobacterium symbioticum and 
Chlorochromatium aggregaium with which 
they may well be identical. The central 
filamentous bacterium is embedded in a 
slime capsule of considerable dimensions. 
This, in turn, is surrounded by a layer 
of green bacteria, usually one cell thick. 
The green organisms may form a very 
dense outer covering, or they may be 
more sparsely distributed over the mu¬ 
cus capsule. The entire unit is again 
surrounded by a sizeable slime zone. 
Aggregates measure about 7 to 8 microns 
in width, and up to 50 microns in length; 
they are non-motile. Both components 
appear to be non-spore-forming. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light. 


Illustration: Perfiliev, loc. cit., 213, 
fig. 6-11. 

Perfiliev rightly emphasizes, as Buder 
had done for Chloronium mirabile^ the 
provisional nature of thus using a gen¬ 
eric designation for an apparently stable 
complex composed of two different or¬ 
ganisms. It remains possible that the 
last three genera of symbiotic entities 
represent fortuitous combinations whose 
occurrence is conditioned by environ¬ 
mental factors. If so, the generic ter¬ 
minology would be devoid of any taxo¬ 
nomic significance, and the green 
bacteria should be relegated to more 
appropriate genera. Indications sugges¬ 
tive of this state of affairs can be found 
in the literature; for example in Uter- 
mdhPs observation (Archivf. Hydrobiol., 
Suppl. J, 1925, 279) that the complex 
Chlorochromatium aggregaium may, espe¬ 
cially in the presence of oxygen, dis¬ 
integrate, whereupon the green con¬ 
stituents appear as small Pelodictyon 
aggregaium {Schmidlea luieola) colonies. 
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ORDER II. ACTINOMYCBTALES BUCHANAN. 

(Jour. Bact., IS, 1917, 162.) 

Organisms forming elongated cells which have a definite tendency to branch. These 
hyphae do not exceed 1.6 microns and are mostly about 1 micron or less in diameter. 
In the Mycohacieriaceae the mycelium is rudimentary or absent; no spores are formed; 
the cells are acid-fast. The Actinomycetaceae and Slrepiomycetaceae usually produce 
a characteristic branching mycelium and multiply by means of special spores, oidio- 
spores or conidia. Special spores are formed by fragmentation of the plasma within 
straight or spiral-shaped spore-bearing hyphae; the oidiospores are formed by seg¬ 
mentation, or by transverse, division of hyphae, similar to the formation of oidia 
among the true fungi; the conidia are produced singly, at the end of simple or branch¬ 
ing conidiophores. They grow readily on artificial media and form well-developed 
colonies. The surface of the colony, especially in the Actinomycetaceae and Strepio- 
mycetaceae, may become covered with an aerial mycelium. Some form colorless or 
white colonies, whereas others form a variety of pigments. Some species are par¬ 
tially acid-fast. In relation to temperature, most are mesophilic, while some are 
thermophilic. Certain forms are capable of growing at low oxygen tension. The 
Order as a whole is composed of saprophytic species, but also includes species that 
are parasitic and sometimes pathogenic on both animals and plants. 

Key to the families of order Actinomycetales. 

I. Mycelium rudimentary or absent, no spores formed. Acid-fast. 

Family I. Mycobacteriaceae, p 876. 

IT. True mycelium produced. 

A. Vegetative mycelium divides by segmentation into bacillary or oocooid 

elements. Some species partially acid-fast. 

Family II. Actinomycetaceae, p. 892. 

B. Vegetative mycelium normally remains undivided. 

Family III. Streptomycetaceae, p. 929. 

Among the recent systems of classification of this order it is sufiicient to mention 
the following: Baldacci (Mycopath., 1939, 84) divided the order Actinomycetales 
into two families: (a) Mycchacteriaceae Chester with two subfamilies, Leptotrichi- 
oideae Baldacci and Proactinomycoideae Baldacci, each with five genera, and (b) 
Actinomycetaceae Buchanan, with two genera, Micromonospora and Actinomyces. 
Krassilnikov (Ray fungi and related organisms, Izd. Akad. Nauk, Moskow, 1938) 
divided the order into (a) Actinomycetaceae, with four genera, Actinomyces, Proae^ 
tinomyces, Mycobacterium and Mycococcus, and (b) Mtcromonosporaeeae, with one 
genus, Micromonospora. Waksman (Jour. Bact., S9, 1940, 649) divided the order into 
four families: Mycobacteriaceae, Proactinomycetaceae, Actinomycetaceae and Micro- 
monosporaceae. 

FAMILY I. MYCOBACTERIACEAE CHESTER.* 

(Chester, Man. Determ. Bact., 1901, 349; Proactinomycetaceae Lehmann and Haag, 
in Lehmann and Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 674.) 

* Completely revised by Prof. G. B. Reed. Queens University, Kingston, Ontario, 
Canada, December, 1938; minor revisions, December,'1944; with a complete revimon 
of Mycobacterium leprae and M. lepraemurium by Dr. John H. Hanks, Leonard Wood 
Memorial, American Leprosy Foundation, New York, N. Y. 
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Slender filaments, straight or slightly curved rods, frequently irregular in form 
with only slight and occasional branching. Often stain unevenly, i.c., show variations 
in staining reaction within the cell (beading). Xo conidia. Xon-motile. Aerobic. 
Gram-positive. Acid-fast.t Pathogenic species grow slowly (several weeks); 
those from soil, water and vegetation more rapidly (several days). 

There is a single genus Mycobacterium Lehmann and Neumann. 

Genus /. Mycobacterium Lehmann and Neumann. 

{Coccothrix Lutz, Zur Morphologic des Mikroorganismus der Lepra. Dermatolo- 
gische Studien, Heft 1, 1886, 22; Scklerothrix Metschnikoff*, Arch. f. path. Anat. 
u. Physiol., US, ^1888, 70; Lehmann and Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 108; 
Mycomonas Orla-Jensen, Cent. f. Bakt., II Abt., 22, 1909, 329; Eumyces Battaglia, 
Soc. Internaz. Microbiol. Boll. Sez. Ital., tO, 1938, 166.) From Greek myces, fungus 
and bacterium, a little rod. 

Characters as for the family. 

The type species is Mycobacterium tuberculosis (Schrocter) Lehmann and Neumann. 

Key to the species of genus Mycobacterium. 

I. Parasites in warm-blooded animals; grow slowly on all media. 

A. Grow slowly on glycerol agar in atmospheric air; experimentally infect 

guinea pigs and fowls. 

1. Experimentally produces generalized tuberculosis in guinea pigs but 

not in rabbits and fowls. Growth enhanced by the addition of 
glycerol to most media. Generally pale yellow to orange pigmenta¬ 
tion on serum media. 

la. Mycobacterium tuberculosis var. hominis. 

2. Experimentally produces generalized tuberculosis in guinea pigs and 

rabbits but not in fowls. Growth not enhanced by addition of 
glycerol to media. Never pigmented. 

lb. Mycobacterium tuberculosis var. bovis. 

3. Experimentally produces generalized tuberculosis in fowls and rab¬ 

bits but not in guinea pigs. 

2. Mycobacterium avium. 

B. Grows in primary culture on glycerol agar only when extracts of, or heat- 

killed acid-fast bacilli arc added. Experimentally fails to infect guinea 
pigs or fowls. 

3. Mycobacterium paratuberculosis. 

C. Have not been grown on culture media thus far devised. Experimentally 

fail to infect guinea pigs or fowls. 

1. Has not experimentally been transmitted to any animal species. 

4. Mycobacterium leprae. 

2. Occurs in wild rats, and can be experimentally transmitted to rats and 

some strains of mice. 

5. Mycobacterium lepraemurium. 


t Most acid-fast bacteria treated with carbol-auramin and decolorized with NaCl- 
HCl-alcohol show fluorescence under the microscope when they are radiated by long 
wavelength ultraviolet light (Haitinger, Fluoresceqz-mikroekopie, Leipzig, 1938, 108 
pp.; Ellinger, Biol. Revs., 16, 1940,323-360; Richards, Jour. B^t., U, 1942,721). 

For a discussion of the influence of environment on acid-fastness, see Salle and 
Moser, Internat. Jour. Leprosy, 6, 1937, 163. 
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II. Saprophytes or parasites on cold-blooded animals; grow rapidly on most media. 

A. Fail to survive 60®C for 1 hour. 

1. Fail to grow at 47®C. 

a. Unable to utilize sorbitol. 

6. Mycobacterium piecium, 

7. Mycobacterium imrinum. 

8. Mycobacterium ranae. 

9. Mycobacterium thamnopheoe, 

aa. Utilize sorbitol. 

10. Mycobacterium friedrmrmii. 

11. Mycobacterium epp, 

2. Grows at 47®C. 

12. Mycob<xcterium lacticola. 

B. Survives 60®C for 1 hour; grows at 47®C. 

13. Mycobacterium phlei. 


f 1. Mycobacterium tuberculosis 
(Schroeter) Lehmann and Neumann. 
(Tuberkelbacillen, Koch, Mitteil. a.d. 
kaiserlich. Gesundheitsamte, 1884, 6; 
Bacillus tvherculosie Schroeter, in Cohn, 
Kryptogamen Flora v. Schlesien, 5,1886, 
164; Bacillua tuberculoaie FlUgge, Die 
Mikroorganismen, 2 Aufl., 1886, 208; 
Coccothrix tuberculosis Lutz, Dermatol. 
Studien, I, 1886, 22; Sclerothrix kochii 
Metchnikoff, Arch. f. path. Anat. u. 
Physiol., liS, 1888, 70; Bacterium tuber¬ 
culosis Migula, in Engler and Prantl, 
Die natUrlichen Pflanzenfamilien, I 
Abt., la, 1895, 23; Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 2, 1896,363; 
Bacillus kochii, quoted from Lehmann 
and Neumann, idem; Diacomyces tubercu- 
loaus (sic), quoted from Neveu-Lemaire, 
Precis de Parasitol. Humaihe, 5th ed., 
1921, 25; Sclerothrix tuberculosis Vuille- 
min, Encyclopedic Mycologique, Paris, 2, 
1931,134; Eumyces tuberculosis Battaglia, 
Soc. Internaz. Microbiol. Boll. Sez. 
Ital., 10, 1938, 166.) From M. L. tuber¬ 
culosis, tuberculosis. 

Two varieties of this species are com¬ 
monly recognized, the human and the 
bovine. 

la. Mycobacterium tvherculoais var. 
hominis Lehmann and Neumann. (Hu¬ 
man tubercle bacilli, Th. Smith, Trans. 
Assoc. Am. Phys., 11, 1896, 75; Myco¬ 
bacterium tuberculosis typus humanus 
Lehmann and Neumann^ Bakt. Diag.» 


4 Aufl., 2, 1907, 550.) From Latin 
hominis, of man. 

Common name: Human tubercle ba¬ 
cillus. 

Description from Koch {loc. cit,) and 
Topley and Wilson (Princip. of Bact. and 
Immun., London, 2nd ed., 1936, 315). 

Rods, ranging in size from 0.3 to 0.6 
by 0.5 to 4.0 microns, straight or slightly 
curved, occurring singly and in occa¬ 
sional threads. Sometimes swollen, cla- 
vate or even branched. Stain uniformly 
or irregularly, showing banded or beaded 
forms. Acid-fast and acid-alcohol-fast. 
Gram-positive. Growth in all media is 
slow, requiring several weeks for de¬ 
velopment. 

This bacterium contains my colic acid 
(Stodola, Lesuk, and Anderson, Jour. 
Biol. Chem., 126, 1938, 505-^13). The 
acid-fast my colic acid combines more 
firmly with carbol-auramin than with 
carbol-fuchsin and this apparently ac¬ 
counts for the increased sensitivity of 
fluorescence microscopy for this bac¬ 
terium (Richards, Science, 9$, 1941,190; 
Richards, Kline, and Leach, Amer. Rev. 
Tuberc., 44y 1941, 255-266). ^ 

Nutrient agar: No growth. w 

Glycerol agar colonies: Raised, thick, 
cream-colored, with a nodular or wrinkled 
surface and irregular thin margin. 

Glycerol agar slant: After 4 weeks, 
raised, thick, confluent, cream-colored 
growth. 

Nutrient broth: No growth. 
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Glycerol broth: After 8 weeks, thick, 
white or cream-colored, wrinkled pellicle 
extending up the sides of the fl^k, no 
turbidity; granular or scaly deposit. 

Dorset’s egg slants: After 4 weeks, 
rather sparse, discrete or confluent, 
slightly raised, grayish-yellow growth 
with finely granular surface. 

Glycerol* egg slants: After 4 weeks, 
luxuriant, raised, confluent, gray to 
yellow growth, with granular surface, 
generally with nodular heaped-up areas. 

Coagulated beef serum: After 4 weeks, 
thin, effuse, confluent, gray to yellow 
growth, with a very fine granular surface. 

Glycerol beef serum: After 4 weeks, 
luxuriant, thick, raised, confluent, yellow 
to orange-yellow growth, with coarsely 
granular surface, generally with irregu¬ 
larly heaped-up areas. 

Litmus milk: Growth, but no change in 
the milk. 

Glycerol potato: After 4 weeks, luxu¬ 
riant, raised, confluent, cream-colored 
growth with a nodular or warty surface. 

Carbohydrates: Glucose, f rue to6e,arab- 
inose and galactose are utilized; sucrose 
and lactose not utilized (Merrill, Jour. 
Bact., £0, 1930, 235, based on the exam¬ 
ination of one strain). 

Optimum temperature 37®C. 

Optimum pH 7.4 to 8.0 (Ishimori, 
Ztschr. f. Hyg., 10£, 1924, 329); pH 6.0 
to 6.5 (Dernby and N^lund, Biochem. 
Zeit., 1S£, 1922, 392). 

Pathogenicity: Produces tuberculosis 
in man, monkey, dog and parrot. Ex¬ 
perimentally, it is highly pathogenic for 
guinea pigs but not for rabbits, cats, 
goats, oxen or domestic fowls. 

Intermediate mammalian types: 
Griffith (Lancet, I, 1916-17, 721; Jour. 
Path, and Bact., £1, 1924, 54) has found 
aberrant types particularly in skin lesions 
#>oth man and ox, which are in certain 
characteristics intermediate between the 
human and the bovine varieties. He 
finds no evidence, however, that the one 
variety may change into the other. 

Variation: Variation in colony struc¬ 
ture of the two mammalian varieties, 


comparable with that in other species, 
has been described by several authors, as 
Petroff et al. (Jour. Exp. Med., 60, 1934, 
515), Birkhaug (Ann. Inst. Past., 67, 
1933, 428), Kahn et al. (Jour. Bact., £5, 
1933, 157), Uhlenhuth and Sieffert (Zeit. 
Immun., 69, 1930, 187), Reed and Rice 
(Canad. Jour. Res., 6, 1931, 111), Smith- 
burn (Jour. Exp. Med., 63, 1936, 95) and 
Shaffer (Jour. Path, and ^ct., 40, 1935, 
107). Several of these authors have 
found associated variation in cell struc¬ 
ture and in virulence though Boquet 
(Compt. rend. Soc. Biol. Paris, 103, 1930, 
290), Birkhaug (Ann. Inst. Past., 49, 
1932, 630), and others, have failed to find 
differences in virulence. Reed and Rice 
(Jour. Immunol., 23, 1932, 385) found the 
S form to contain an antigenic substance 
lacking in the R form. 

Antigenic structure: By agglutination, 
absorption of agglutinins and comple¬ 
ment fixation a distinction may be made 
between the mammalian varieties and 
Mycobacterium avium, but it has been im¬ 
possible to distinguish, by these means, 
between the two mammalian varieties 
(Tullock et al.. Tubercle, 6, Oct .-Dec., 
1924, 18,57 and 106; Wilson, Jour. Path, 
and Bact., 28, 1925,69; Griffith, Tubercle, 
6, May, 1925, 417; Rice and Reed, Jour. 
Immunol., 23, 1932, 385; Kauffman, 
Ztschr. f. Hyg., 114, 1932, 121). Tu¬ 
berculins prepared from the human and 
the boyine varieties are ordinarily in¬ 
distinguishable in their action but Lewis 
and Seibert (Jour. Immunol., 20, 1931, 
201) detected a difference by cross an¬ 
aphylactic reactions. 

Distinctive characters: Tubercle ba- 
*cilli pathogenic for guinea pigs and rab¬ 
bits, not for fowls. Mycobacterium 
tuberculosis var. hominis produces gen¬ 
eralized tuberculosis in guinea pigs but 
not in rabbits. Mycobacterium tuhercu<- 
losis var. bovis produces generalized 
disease in-both guinea pigs and rabbits. 
Growth of the human variety is enhanced 
by the addition of glycerol to most 
media. The growth of the bovine 
variety is not enhanced by the addition 
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of glycerol. The human variety gen¬ 
erally develops yellow to red pigment 
on serum media, while the bovine variety 
never produces pigment. Antigenically 
the two varieties are not distinguishable. 

Source: From tuberculous lesions in 
man. 

Habitat: The cause of tuberculosis 
in man. Transmissible to rabbits and 
guinea pigs. 

lb. Mycobacterium tuberculosis var. 
bovis Lehmann and Neumann. (Bovine 
tubercle bacilli, Th. Smith, Trans. 
Assoc. Am. Phys., 77, 1896, 75; IS, 1898, 
417; Jour. Exp. Med., 5, 1898, 451; 
Mycobacterium tuberculosis typus bo- 
vinus Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907,550.) From Latin 
bovis, of the ox. 

Common name: Bovine tubercle ba¬ 
cillus. 

Description from Th. Smith (loc. cit.) 
and Topley and Wilson (Princip. of 
Bact. and Immun., 2nd ed., 1936, 315). 

Rods which are shorter and plumper 
than the human type. Range in size 
from 1.0 to 1.5 microns. Very short 
forms are frequently intermixed with 
somewhat larger forms. Stain regularly 
or irregularly. Acid-fast and acid-alco¬ 
hol-fast. Gram-positive. Less easily 
cultivated than the human variety. 

Nutrient agar: No growth. 

Glycerol agar colonies: Small, irregular, 
with granular surface, no pigment. 

Glycerol agar slant: After 4 weeks, 
thin, granular or effuse, confluent growth. 

Nutrient broth: No growth. 

Glycerol broth: After 8 weeks, thin 
grayish-white film, slightly nodular, no 
turbidity. Slight granular deposit. 

Dorset’s egg slants: After 4 weeks, 
similar to var. hominis but generally 
poorer growth and no pigmentation. 

Glycerol egg slants: After 4 weeks, 
similar to Dorset’s egg slants. 

Coagulated beef serum: After 4 weeks, 
thin, effuse, confluent, w^hite to gray 
growth with very fine granular surface. 


Generally less luxuriant than in the 
human variety. 

Glycerol beef serum: After 4 weeks, 
similar to plain beef serum. 

Glycerol potato: After 4 weeks, thin, 
effuse, grayish growth. 

Litmus milk*: Growth, but no change in 
the milk. 

Optimum temperature 37®C. 

Optimum pH 5.8 to 6.9 (Ishimori, 
Ztschr. f. Hyg., 102, 1924, 329); 6.0 to 6.5 
(Dernby and N^lund, Biochem. Zeit., 
1S2, 1922, 392). 

Pathogenicity: Produces tuberculosis 
in ox, man, monkey, goat, sheep, pig, 
cat, parrot, cockatoo and possibly some 
birds of prey. Experimentally, it b 
highly pathogenic for rabbit and guinea 
pig, slightly pathogenic for dog, horse, 
rat and mouse; not pathogenic for fowls. 

Variation: See Mycobacterium tubercu¬ 
losis var. hominis. 

Antigenic structure: See Mycobacte¬ 
rium tuberculosis var. hominis. 

Distinctive characters: See Mycobac¬ 
terium tuberculosis var. hominis. 

Source: From tubercles in cattle. 

Habitat: The cause of tuberculosis in 
cattle. Transmissible to man and do¬ 
mestic animals. More highly pathogenic 
for animals than the human type. 

2. Mycobacterium avium Chester. 
(Tuberculosc des oiseaux, Strauss and 
Gamal5ia, Arch. M6d. exp. et Anat. 
path., 1891; Bacillus der HUhnertu- 
berculose, Maffucci, Ztschr. f. Hygiene, 
77, 1892, 449; Bacillus tuberculosis gal- 
linarum Sternberg, Man. of Bact., 1893, 
392; Mycobacterium tuberculosis avium 
liChmann and Neumann, Bakt. Diag., 1 
Aufl., 7, 1896, 370; Bacillus tuberculosis 
avium Kruse, in Fliigge, Die Mikro- 
organismcn, 3 Aufl., 2, 1896, 506; Myco^ 
bacterium avium Chester, Manual 
Determ. Bact., 1901, 357; Mycobacterium 
tuberculosis typus gallinaceus Lehmann 
and Neumann, Bakt. Diag., 4 Aufl., f, 
1907, 553.) From Latin avis, bird. 

Common name: Avian tubercle ba¬ 
cillus. 
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Description from Strauss and Gamal^ia 
{loc, cit.) and Topley and Wilson 
(Princip. of Baot. and Inunun., 2nd ed., 
im, 315). 

Rods resembling those of the bovine 
type of tubercle organism. 

Nutrient agar: After 4 weeks, slight 
growth, effuse, translucent with fine 
granular surface. 

Glycerol agar colonies: After 3 to 4 
weelm, raised, regular, hemispherical, 
creamy or white colonies. 

Nutrient broth: After 4 weeks, very 
slight viscous to granular bottom growth, 
no pellicle, no turbidity. 

Glycerol broth: After 4 weeks, diffuse, 
turbid growth with a viscous to granular 
deposit. 

Dorset’s egg slants: After 4 weeks, con¬ 
fluent, slightly raised growth, with 
smooth regular surface. 

Glycerol egg slants: After 4 weeks, 
luxuriant, raised, confluent, creamy to 
yellow growth with perfectly smooth 
surface. 

Coagulated beef serum: After 4 weeks, 
thin, effuse, grayish-yellow growth with 
smooth surface. 

Glycerol beef serum: After 4 weeks, 
luxuriant, raised, confluent, yellow to 
orange-yellow dr occasionally pale pink 
growth, with a smooth glistening surface. 

Glycerol potato: After 4 weeks, .luxu¬ 
riant, raised, confluent, with smooth to 
nodular surface. 

Litmus milk: Growth, but no change in 
the milk. 

Carbohydrates:Fructose,arabinoseand 
sucrose are utilized, glucose is slightly 
utilized, galactose and lactose are not 
utilized (Merrill, Jour. Bact., W, 1930, 
235, based on the examination of one 
strain). 

Optimum temperature 40®C; range 30® 
to 44®C (Bynoe, Thesis, McGill Uni¬ 
versity, Montreal, 1931). 

Optimum pH 6.8 to 7.3 (Bynoe, loc. 
eii.). 

Pathogenicity: Produces tuberculosis 
in domestic fowls and other birds. In 
pip it produces localized and sometimes 


disseminated disease. Experimentally 
in the rabbit, guinea pig, rat and mouse 
it may proliferate without producing 
macroscopic tubercles—tuberculosis of 
the Yersin type. Man, ox, goat, cat, 
horse, dog and monkey are not infected. 

Variation: Winn and Petroff (Jour. 
Exp. Med., 57, 1933, 239), Kahn and 
Schwartzkopf (Jour. Bact., 26, 1933, 
157), Birkhaug (Ann. Inst. Pasteur, 64, 
1935, 19), Reed and Rice (Canad. Jour. 
Res., 6, 1931, 111) and others, have shown 
variation to follow the course described 
for many species. Winn and Petroff 
have separated four colonial types: 
smooth, flat smooth, rough, deep yellow 
smooth. These also differ in chemical 
and physical properties. The smooth 
form exhibited the greatest degree of 
virulence, the flat smooth a lower viru¬ 
lence, while the chromogenic smooth and 
the rough were relatively benign. Some 
authors have failed to demonstrate this 
difference in virulence. The above de¬ 
scription applies primarily to the smooth 
form. 

Antipnic structure: By agglutination, 
absorption of agglutinins and comple¬ 
ment fixation Mycobacterium avium may 
be distinguished from other members of 
the genus (Tullock et al.. Tubercle, 6, 
1924, 18, 57 and 105; Wilson, Jour. Path, 
and Bact., 28, 1925, 69; Mudd, Proc. Soc. 
Exp. Biol, and Med., 2S, 1925, 569, and 
others). Furth (Jour. Immunol., 12, 
1926, 273) and Shaffer (Jour. Path, and 
Bact., 40, 1935,107) on this basis divided 
Mycobacterium avium into 1 or 2 sub¬ 
groups. 

Distinctive characters: Tubercle ba¬ 
cilli pathopnic for fowls, not for pinea 
pip or rabbits. Culturally distinpished 
from the mammalian types by the ab¬ 
sence of pellicle formation in fluid media 
and the habit of growth on most solid 
media. Antigenically distinpished from 
other species. 

Source: From tubercles in fowls, widely 
distributed as the causal apnt of tu¬ 
berculosis in birds and less frequently in 
pip. 
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Habitat: The cause of tuberculosis in 
chickens * Transmissible to pigeon, other 
birds, mouse, rabbit and pig. 

3. Mycobacterium paratuberculosis 

Hcrgcy et al. (Darmtuberculose bacillcii, 
Johne and Frothlngham, Deutsch. Ztschr. 
Tierined., 1895, 438; Pseudotuberku- 
losc bacillen, Bang, Bcrl. ticMarzfl. 
Wchnschr., 1900, 759; Barillus of .Johiic’s 
Disease, MTadyoan, Jour. Comp. Path , 
1907, 48; Twort, Proc. Hoy. 8oe., B, 
85, 1910, 156; Bergey et al., Manual, 
1st ed., 1923, 374.) From M. L. para- 
tuberculosisf of the disease paratubercu- 
losis. 

Common name: Johne’s bacillus. 

The organism from a similar disease in 
sheep is probably identical though more 
difficult to cultivate (Dunkin and Ikil- 
four-Jones, Jour. Comp. Path., 45, 1935, 
236). 

Description from M’Fadycan (loc. cit ) 
and Twort and Ingram (A Monograph on 
Johne’s Disease, London, 1913). 

Plump rods, 1.0 to2.0 microns inlengtli, 
staining uniformly, but occasionally the 
longer forms show alternately stained 
and unstained segments. Non-motile. 
Acid-fast. 

The organism is difficult to cultivate 
and, in primary cultures, has only been 
grown in media containing dead tubercle 
bacilli or other dead acid-fast bacteria 
(Boquet, Ann. Inst. Pasteur, 57, 1928, 
495). In a few instances cultures have 
been acclimatized to a synthetic medium 
free from added dead bacteria (Dunkin, 
Jour. Comp. Path, and Therap., 45, 1933, 
159; Watson, Canad. Pub. Health Jour., 
26, 1935, 268). 

Colonies on glycerol agar containing 
heat-killed Mycobacterium phlei: After 
4 to 6 weeks, just distinguishable, dull- 
white, raised, circular colonies. 

Colonies on Dorset *s glycerol egg con¬ 
taining he^t-killed Mycobacterium phlei: 
After 4 to 6 weeks, minute, dull-white, 
raised, circular, with a thin, slightly 
irregular margin. Older colonies become 


more raised, radially striated or irregu¬ 
larly folded and dull yellowish-white. 

Dorset's glycerol egg containing sheep's 
brain and heat-killed Mycobacterium 
phlei: Growth slightly more luxuriant. 

Glycerol broth containing heat-killed 
Mycobacterium phlei: Thin surface pel¬ 
licle which lat(*r bectunes thickened and 
folded. 

Dorset’s synthetic fluid containing 
heat-killed Mycobacitrium phlei: As on 
glycerol broth with Mycobacterium phlei. 

Pathogenicity: Produces Johne’s dis¬ 
ease, chronic diarrhea, in cattle and 
sheep. Experimentally it produces a 
similar disease in Ijovine animals, sheep 
and goats. Guinea pigs, rabbits, rats 
and mice are not infected. Very large 
doses in laboratory animals produce 
slight nodular lesions comparable with 
those produced by Mycobacterium phlei. 

Antigenic structure : Johnin, prepared 
as tuberculin, gives positive reactions in 
cattle witli Johnedisease. According 
to M’Fadyoan et al. (Jour. Comp. Path, 
and Therap., 29, 1916, 62) tuberculous 
animals may also give a reaction. Plumb 
(Den Kong. Vet. Landboh0j.skole 
Arssk., 1925, 63) has shown that a reac¬ 
tion may be produced in animals sensi¬ 
tized to avian tuberculin and that avian 
tuberculin causes a reaction in some ani¬ 
mals infected with Johne’s bacillus. 

Distinctive characters: A small acid- 
fast bacillus producing characteristic 
lesions in cattle and growing only in the 
presence of dead acid-fast bacilli. 

Source: From the intestinal mucous 
membrane of cattle suffering from chronic 
diarrhea. .\p|iarently an obligate para¬ 
site. 

Habitat; The cause of Johne's disease, 
a chronic diarrhea in cattle. The bac¬ 
teria are found in the intestinal mucosa. 
Not pathogenic for guinea pigs or rabbits. 

4. Mycobacterium leprae (Arniauer- 
Hansen) Lehmann and Neumann. (Ba- 
cillus leprae Armauer-Hansen, Norsk. 
Mag. laegevidensk., 9, 1874, 1; Arch, 
f. path. Anat. u. Physiol., 79, 1879, 
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32; Nord. Med. Axk., 19, 1880, 1; Quart. 
Jour. Micro. Sci., 90, 1880,92; Coecothriz 
leprae Luts, Dermatol. Stud. 1, 1886, 
quoted from DeToni and Trevisan, in 
Saeeardo, Sylloge Fungorum, 8, 1889, 
944; Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 9, 1896, 372; Diacomyces 
leprae Neveu-Lemaire, Precis Parasit. 
Hum., 5th ed., 1921, 27; Sclerothrix 
leprae Vuillemin, Encyclopedic Myco- 
logique, Paris, 1 ,1921,135; Mycobacterium 
leprae hominua Lowe, Internet. Jour. 
Leprosy, 5, 1937, 312.) From Greek 
Upra, leprosy. 

Common name: Leprosy bacillus. 

Armauer-Hansen (/oc. cit.) was the 6rst 
to observe the bacilli in the tissues of 
lepers. The disease is now known as 
Hansen’s disease. The bacilli occur in 
enormous numbers in lepromatous (nod¬ 
ular) cases of the disease and sparsely 
in the neural form.- The present bac¬ 
teriological means of identification de¬ 
pend on: (a) acid-fast staining, and (b) 
failure of the organism to grow in bac¬ 
teriological media or in laboratory 
animals. Heated suspensions of the 
bacilli (obtained from nodules) produce 
a positive lepromin reaction in 75 to 97 
per cent of normal persons and of neural 
cases of leprosy, but usually produce 
no reaction in lepromatous individuals 
(Mitsuda: See Hayashi, Int. Jour. 
Leprosy, 1, 1933, 31-38). The failure of 
lepromatous persons to respond to in¬ 
jected leprosy bacilli constitutes a 
fundamental criterion for testing the 
validity of microorganisms such as other 
acid-fast or diphtheroid cultures which 
can at times be recovered from leprous 
tissues by inoculation of bacteriological 
media. 

Many organisms have been isolated 
from leprous tissues, some of which are 
acid-fast and have been styled Myco¬ 
bacterium leprae. The strains which 
have been adequately studied have 
proven to fall into the saprophytic 
groups (see No. 11, Mycobacterium app.) 
Hanks (Int. Jour. Leprosy, 9, 1941, 275- 
298) found that acid-fast cultures cl this 


type, as well as the diphtheroids which 
also have repeatedly been isolated from 
leprosy, were recoverable only from 
lesions located proximally with respect 
to open ulcers in the skin. 

Description of organisms seen in 
leprosy tissue from Armauer-Hansen 
(loc, cit,) and Topley and Wilson (Prin- 
cip. Bact. and Immun., 2nd ed., 1936, 
316). 

Rods: 0.3 to 0.6 by 1 to 8 microns, with 
parallel sides and rounded ends, staining 
evenly or at times beaded. When nu¬ 
merous, as from lepromatous cases, they 
are generally arranged in clumps, 
rounded masses or in groups of bacilli 
side by side. Strongly acid-fast. Gram¬ 
positive. 

Pathogenicity: The communicability 
of leprosy from man to man is accepted 
(Rogers and Muir, Leprosy, 2nd ed., 
Baltimore, 1940,260 pp.). Experimental 
transmission to humans or to animals 
has not been successful. 

Source: Human leprous lesions. In 
the lepromatous form of the disease 
bacilli are so abundant as to produce 
stuffed-cell granulomas; in the tubercu¬ 
loid and neutral lesions they are rare. 

Habitat: Obligate parasite in man. 
Confined largely to the skin (especially 
to convex and exposed surfaces) and to 
peripheral nerves. The microorganisms 
probably do not grow in the internal 
organs. 

5. Mycobacteriun lepraemurium Mar- 
choux and Sorel. (Bacillus der Ratten- 
lepra, Stefansky, Cent. f. Bakt., I Abt., 
Orig., SS, 1903,481; Mycobacterium leprae 
murium Marchoux and Sorel, Ann. Inst. 
Past., 96, 1912, 700; Bacillua leprae mu¬ 
rium Muir and Henderson, Indian Jour. 
Med. Res., 16, 1927, 15.) 

Mycobacterium pulvifornie Marchoux 
(Ann. Derm., 1921, No. 21 and Ann. 
Inst. Past., 57, 1923, 348) from leprosy¬ 
like lesions in a man from Hayti is 
thought by the author to be identical 
with Mycobacterium lepraemurium. 

Common name: Rat leprosy bacillus. 
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Rods: 3.0 to 5.0 microns in length with 
slightly rounded ends. When stained, 
often show irregular appearance. 
Strongly acid-fast. Gram-positive. 

Like the human leprosy bacillus, this 
organism has not been cultivated in 
vitro; but can be passed experimentally 
through rats and some strains of mice. 

Distinctive features: The heat-killed 
bacilli produce lepromin reactions in 
lepratomous humans. The bacilli from 
lesions are not bound together in clumps, 
rounded masses and palisades as in 
human lesions. For further details 
see review by Lowe (Internat. Jour. 
Leprosy, 5, 1937, 310 and 463). 

Source: An endemic disease of rats in 
various parts of the world, having been 
found in Odessa, Berlin, London, New 
South Wales, Hawaii, San Francisco and 
elsewhere. 

Habitat: The natural disease occurs 
chiefly in the skin and lymph nodes, 
causing induration, alopecia (loss of 
hair) and eventually ulceration. 

6. Mycobacterium plsclum Bergey et 
al. {Bacillus tuberculosis piscium Du- 
bard, Bull. acad. de m5d., 3 s6r., 33, 
1897, 580; Bataillon, Dubard and Terre, 
Compt. rend. Soc. Biol., 4, s6r. 10, 1897, 
446; Bergey et al.. Manual, 1st ed., 1923, 
375.) From Latin pisciSy fish. 

Description from Bataillon et al. {loc. 
ciL) and Aronson (Jour. Inf. Dis., $9, 
1926, 319). 

Slender rods, occurring singly and in 
threads, occasionally showing branching. 
Acid-fast. Non-motile. Gram-positive. 

Agar colonies: Small, circular, white, 
moist, with lobate margin and fine 
granular surface. 

Agar slant: Scant, white, moist, cream¬ 
like. 

Glycerol agar colonies: Thin, flat, 
smooth, glistening, yellow. 

Dorset’s egg medium: Flat, smooth, 
moist, greenish. 

Broth: Thin pellicle, with flocculent 
sediment. 


Litmus milk: Thickened. No coagu¬ 
lation. Slightly alkaline. 

Potato: White, warty, butyrous colo¬ 
nies. 

Carbohydrates: Utilises glucose and 
fructose but not sucrose, lactose, arabi- 
nose or galactose (Merrill, Jour. Bact., 30, 
1930, 235, based on examination of one 
strain). 

Antigenic structure: By agglutination 
and complement fixation (Mudd, Proc. 
Exp. Biol, and Med., 33, 1925, 5^; and 
Furth, Jour. Immunol., /3, 1926, 286) 
Mycobacterium piscium has been dis¬ 
tinguished from Mycobacterium fried- 
manniif Mycobacterium ranae and prob¬ 
ably Mycobacterium marinum. From 
the limited number of cultures examined 
it is not evident whether this is due to 
species or strain specificity. 

Pathogenicity: Experimentally pro¬ 
duces tubercles in carp, frog and lizard, 
but not pathogenic for rabbit, guinea pig 
or birds (Dubard, Rev. de la Tuberc., 3, 
1898, 13). Not pathogenic for salt water 
fish except eels (Betegh, Cent. f. Bakt., 
I Abt., Grig., 33, 1910, 374; 34, 1910, 
211 ). 

Distinctive characters: Mycobacte¬ 
rium pisciuMy Mycobacterium marinumy 
Mycobacterium ranac, Mycobacterium 
thamnopheos and Mycobacterium fried- 
mannii constitute a closely related 
group—possibly one species. They differ 
from other members of the genus in their 
pathogenicity for cold-blooded animals, 
their failure to survive 60^C for an hour, 
their failure to grow at 47®C and their 
inability to utilize sorbitol. 

Mycobacterium marinum is distin¬ 
guished by its diffuse growth in broth, 
acid production in milk and deep yellow 
to orange pigmentation on most media. 
The other species grow in broth as a 
pellicle and render milk alkaline. Myco¬ 
bacterium pisciumy Mycobacterium ranae, 
Mycobacterium thamnopheos and Myco¬ 
bacterium frie^mannii may be distin¬ 
guished from each other by their habit 
of growth on solid media. But rela¬ 
tively few cultures have been studied 
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and the reports in certain important 
respects are conflicting, especially con¬ 
cerning pigmentation and utilization of 
carbohydrates. Aronson, Mudd and 
Furth found them to differ antigenically, 
but too few cultures were used to distin¬ 
guish between species and strain speci¬ 
ficity. 

Source: From tubercles in carp. 

Habitat: The cause of nodule and tu- 
mor-like formations in carp {Ciprinua 
carpio). Infectious for carp, frogs, liz¬ 
ards. Not infectious for guinea pigs and 
pigeons. 

7. Mycobacterium marinum Aronson. 
(Jour. Inf. Dis., S9, 1926, 315.) From 
Latin marinm, marine. 

Description from Aronson (loc. cit.). 

In lesions, short, thick, uniformly 
staining organisms are seen frequently 
occurring in clumps, while long, thin, 
beaded or barred rods are scattered more 
discretely.. In cultures the organisms 
have the same appearance. Non-motile. 
Acid-faat and acid-alcohol-fast. Gram¬ 
positive. 

Agar slant (slightly acid): In five to 
seven days, moist, glistening, elevated 
colonies, becoming 1- mon-yellow. 

Gelatin: Not liquefied. 

Agar colonies: In 5 to 7 days, smooth, 
moist, slimy, lemon-yellow, later orange- 
colored. 

Glycerol agar colonies: In 14 to IS 
days, grayish-white, moist, elevated with 
irregular margins. Old growths lemon- 
yellow and still later orange-colored. 

Dorset’s and Petroff’s egg media: 
Similar to growth on glycerol agar but 
more luxuriant. 

Broth and glycerol broth: Growth is 
diffuse, no pellicle formed. 

Litmus milk: Acidified and coagulated. 

Indole not formed. 

Nitrites not produced from nitrates. 

Carbohydrates: Utilizes arabinose and 
fructose, fails to utilize sorbitol and 
galactose (Gordon, Jour. Bact., Si, 1937, 
617). 

Aerobic, facultative. 


Optimum temperature 18^ to 20”C. 
Fails to survive 60^0 for 1 hour, fails to 
grow at 47®C (Gordon, Jour. Bact., Si, 
1937, 617). 

Pathogenicity: Experimentally infects 
salt water fish, goldfish, frogs, mice and 
pigeons, but not rabbits or guinea pigs. 

Antigenic structure: By agglutination 
and complement fixation distinguished 
from Mycobacterium ranae, Mycobacie- 
riurh friedmannii, and probably Myco¬ 
bacterium piscium (Mudd, Proc. Soc. 
Exp. Biol, and Med., SS, 1925,569; Furth, 
Jour. Immunol., IS, 1926, 286). See 
Mycobacterium piscium. 

Distinctive characters: See Mycobacte¬ 
rium piscium. 

Source: Prom areas of focal necrosis of 
the liver of sergeant majors (Abudefduf 
mauritii), croakers {Micropogon undula- 
tus) and sea bass (Centropristes striatus). 

Habitat: Causes spontaneous tubercu¬ 
losis in salt water fish. 

8. Mycobacterium ranae (Kustcr) 
Bergey et al. (Kiister, MUnch. med. 
Wchnschr., 62, 1905, 57; Bergey et al.. 
Manual, 1st ed., 1923, 374.) From Latin 
rana, frog. 

Description from Kiister {loc. cit.), 
Bynoe (Thesis, McGill University, Mon¬ 
treal, 1931) and Aronson (Jour. Inf. Dis., 
44,1929,222). 

Slender rods, 0.3 to 0.5 by 2 to 8 mi¬ 
crons, smaller in old cultures. Uni¬ 
formly acid-fast in cultures 2 weeks old 
or older. In younger cultures the stain¬ 
ing is irregular, many organisms are not 
acid-fast. Non-motile. Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies: Irregular, raised colo¬ 
nies, 1 to 3 mm in diameter with moist 
glistening surface, later becoming 
coarsely granular. 

Agar slant: Thick, spreading, glisten¬ 
ing. In old cultures dry and scaly. 
Putrid odor. Grayish-white. 

Glycerol agar colonies: Similar to gela¬ 
tin colonies but slightly creamy and be¬ 
coming dry and wrinkled in old cultures. 
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Dorset’s egg medium: Sprcadiogt 
raised, glistening, later wrinkled. 

Loeffler’s medium: Similar to Dorset's 
egg medium, white to buff-colored. 

Litmus milk: Becomes alkaline. 

Glycerol broth: Grayish flaky pellicle 
which breaks up early and settles. 

Broth: Slightly turbid, with slight 
sediment. 

Potato: Scanty, gra^dsh growth, raised 
with a w^arty surface. 

Indole not formed. 

Nitrites are produced from nitrates. 

Carbohydrates: Glucose, fructose and 
arabinose are utilized; sucrose, lactose 
and galactose not utilized (Merrill, Jour. 
Bact., 20, 1930,235). Fructose, mannitol 
and trehalose are utilized; sorbitol, 
arabinose and galactose are not utilized 
(Gordon, Jour. Bact., SJ^, 1937, 617). 

No H 2 S formed. 

Optimum temperature 28°C (Kiister), 
37°C (Bynoe). 

Optimum pH 6 6 to 7.3, range 4.0 to 

10 . 0 . 

Antigenic structure; By agglutination 
and complement fixation Mycobaclerium 
ranae may be distinguished from Myco¬ 
bacterium piscium and Mycobaclerium 
friedmannii (Mudd, Proc. Soc. Exp. 
Biol, and Med., 23, 1925, 569; Furth, 
Jour. Immunol., ^2, 1926, 286). See 
Mycobaclerium piscium . 

Pathogenicity; Experimentally causes 
tuberculosis in frogs, lizards, turtles, not 
pathogenic for rabbits, guinea pigs, rats 
or mice. 

Distinctive characters: See Mycobac¬ 
terium piscium. 

Source: From the liver of a frog. 

Habitat: In a group of 215 cultures be¬ 
longing to the genus, isolated from soils, 
Gordon (Jour. Bact., $4, 1937, 617) found 
65 to sufficiently resemble Mycobacterium 
ranae to indicate at least a very close 
relationship. If they prove to be identi¬ 
cal, the species is widely distributed. 

9. Mycobacterium thamnopheos Aron¬ 
son. (Jour. Inf. Dis., <44, 1929, 222.) 
From Tkamnophis, a genus of snakes. 


B 80 

Tuberculbacilien bei Schlangea, Sib- 
ley, Arch. f. pathol. Anat. u. Physiol., 
116, 1889, 104 {Mycobacterium tropidona- 
turn (sic) Bcrgey et al.. Manual, Ist ed., 
1923, 370) is probably identical, but the 
descriptions are too meager to be con¬ 
clusive. Acid-fast bacilli described by 
Gibbes and Shuricy (Amer. Jour. Med. 
8ci., 100, 1890, 145) as the cause of 
tuberculosis in boas and pythons; by 
Shattock (Trans. Path. Soc., London, 
S3. 1902. 130) and by von Hansoneann 
vCk^nt. f. Biikt.. I Abt., Orig., 1993, 
212) as causing tuberculosis in a Python 
juahtnifi. are possibly identical, but the 
<lr.s<ii|)tions do not permit us to draw 
any ci>nolusion8. According to Aronson, 
similar organisms isolated from patho¬ 
logical lesions in boa constrictors and 
(Uduher ralerii/cr differ antigenically 
1 1 nm Mycobactrn um thamnopheos. 

Description taken from Aronson (loc. 
cit.) and Bynoe (Thesis, McGill Uni¬ 
versity, Montreal, 1931). 

Slender rods: 0.5 by 4 to 7 microns, fre- 
cpiently slightly curved, beaded and 
l)arred forms frequently occur. Non- 
motile. .\cid-fast in cultures of 4 days 
or older, in j’^oungor cultures some or- 
gauLsms arc not acid-fast. Not alcohol- 
hist. Gram-i>ositive. 

Gelatin stab: Growth occurs along the 
line of inoculation. No liquefaction. 

Agar colonics: 0.5 to 1 mm in diameter, 
irregular, raised, moist and glistening. 

Glycerol agar: Spreading, raised, dry, 
pale pink to buff growth. 

Glycerol broth: A thin pellicle appears 
in 5 to 6 days, gradually becomes thicker 
and falls as a sediment. 

Dorset’s egg medium: Raised, moist, 
pinkish gmwth after 10 days, later be¬ 
coming salmon-colored. 

Loeffler’s serum: Small, raised, convex, 
dry growth. 

Litmus milk: Alkaline. 

Glycerol potato: Raised, hemispheri¬ 
cal, dry and granular growth. 

Indole not produced. 

Nitrates: Not reduced by 2 strains. 
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reduced by 1 strain (Aronson); slightly 
reduced (Gordon); not reduced (Bynoe). 

Carbohydrates: Utilizes fructose, man¬ 
nitol and trehalose; fails to utilize arab- 
inose, sucrose, galactose and sorbitol 
(Gordon, Jour. Bact., S4, 1937, 617). 

Temperature relations: Fails to survive 
60*^C for 1 hour, fails to grow at 47^0 
(Gordon); good growth at 25'*C, no growth 
at 37^C (Aronson); optimum for growth 
25®C, range 10® to 36®C (Bynoe). 

Range of pH: 6.6 to 7.8 (Aronson); op¬ 
timum 7.3 to 8.0, range 5.0 to 11.0 
(Bynoe). 

Pathogenicity; Experimentally pro¬ 
duces generalized tuberculosis in snakes, 
frogs, lizards and fish but not pathogenic 
for guinea pigs, rabbits or fowls. 

Antigenic structure: By agglutination 
and absorption of agglutinins Mycobacte¬ 
rium thamnopheoa may be distinguished 
from Mycohacterium marinum, Myco¬ 
bacterium friedmannii and Mycobacterium 
ranae. See Mycohacterium piscium. 

Variation: According to Bynoe and 
Wyckoff (Amer. Rev. Tub., £9, 1934, 
389) S and R forms may be distinguished 
by colony structure and individual cell 
arrangement. 

Distinctive characters: See Mycobac¬ 
terium piecium. 

Source: From the lungs and livers of 
garter snakes {Thamnophis eirtalis). 

Habitat: Present as a parasite in the 
garter snake and possibly other cold¬ 
blooded vertebrates. 

10. Mycobacterium friedmannii Hol¬ 
land. (Schildkrdten tuberkelbacillus, 
Friedmann, Cent. f. Bakt., I Abt., Orig., 
S4, 1903, 647; Bacillus friedmanii (sic) 
Holland, Jour. Bact., S, 19^, 218; Myco¬ 
hacterium friedmanii Holland, ibid.; 
Mycohacterium chdonei Bergey et al., 
Manual, Ist ed., 1923, 376.) Named for 
Dr. Friedmann, who isolated this or¬ 
ganism. 

Common name: Turtle bacillus. 

Description from Friedmann (loc, 
cii,) and Aronson (Jour. Inf. Dis., 44t 
1029, 222). 


Slender rods: 0.2 to 0.4 by 0.5 to 5 
microns. Beaded forms are common. 
Acid-alcohol-fast in young cultures but 
in cultures two weeks old generally there 
are many non-acid-fast rods. Non-mo- 
tile. Gram-positive. 

Gelatin stab: White surface growth, 
scanty growth along the line of stab. 
No liquefaction. 

Agar colonies: 1 to 3 mm in diameter, 
irregularly round, raised, moist, glisten¬ 
ing, white. 

Glycerol agar slants: Thick, spreading 
growth, at first moist, later granular, 
yellowish-white (Friedmann); olive-gray 
(Bynoe); white (Aronson). 

Glycerol broth: Thick wrinkled pellicle 
after two to three ^ days growth, later 
some membrahous sediment. Grayish- 
yellow (Friedmann); grayish-white 
(Bynoe). 

Dorset’s egg medium: Spreading, 
raised, slightly moist, pale buff. 

Loeffier’s serum: Scant growth, raised, 
dry, crumb-like. 

Litmus milk: Slightly alkaline after 
10 days growth. 

Glycerol potato: Thick, wrinkled, gray 
after 2 days growth. 

Indole not formed. 

Carbohydrates: Glucose, fructose and 
arabinose utilized, sucrose slightly uti¬ 
lized, galactose and lactose not utilized 
(Merrill, Jour. Bact., 20, 1930, 235). 
Arabinose not utilized (Gordon, Jour. 
Bact., 34, 1937, 617). 

Optimum temperature 26® to 30®C. 

Pathogenicity: Experimentally pro¬ 
duces tubercles in most species of cold¬ 
blooded animals, possibly in guinea pigs 
but not in other warm-blooded animals. 

Variation: According to Gildemeister 
(Cent. f. Bakt., I Abt., Orig., 83, 1921, 
513) S and R types may be distinguished 
on glycerol agar. The S grows as smooth, 
moist, glistening, convex colonies; the 
R as flat, dry, spreading colonies. 
Wykoff (Amer. Rev. Tub., 29, 1934, 289) 
has shown a difference in the form of cell 
division and corresponding cell arrange¬ 
ment of the two types. 
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Distinctive characters: See Mycobac¬ 
terium piscium. 

Source: From the lungs of turtles in 
the Berlin aquarium. 

Habitat: A parasite in turtles and pos¬ 
sibly sparingly distributed in soils. 
Gordon (Jour. Bact., S4, 1937, 617) found 
65 out of 216 soil cultures of members of 
the genus to closely resemble this species. 

11. Mycobacterium spp. (A miscel¬ 
laneous group many of which have been 
incorrectly identified as Mycobacterium 
leprae Lehmann and Neumann.) 

Clegg (Phil. Jour. Sci., 4, 1909, 77 and 
403), Duval (Jour. Exp. Med., 12^ 1910, 
649), Duval and Wellman (Jour. Inf Dis., 
11 y 1912, 116), Currie, Brinckerhoff and 
Hollmann (Pub. Health Rep., 25y 1910, 
1173) and others have described as Myco¬ 
bacterium leprae a group of organisms 
isolated from leprosy lesions. Much 
evidence, summarized by McKinley (Med¬ 
icine, 13y 1934, 377), points to the conclu¬ 
sion that these organisms are not patho¬ 
genic and not the causal agent of leprosy. 
They cannot therefore be included under 
Mycobacterium leprae as defined above. 

Thomson (Amer, Rev. Tub., 26y 1932, 
162), Gordon (Jour. Bact., 54, 1937, 617), 
and Gordon and Hagan (Jour. Bact., 36, 
1938, 39) recently separated the sapro¬ 
phytic members of the genus Mycobac¬ 
terium into three main groups and several 
subgroups. Species names as here de¬ 
fined have been added to the key as 
follows: 

Group I. Fail to survive 60®C for 1 
hour. Grow at 47®C. 

a. Utilizes arabinose. 
Mycobacterium lacticola. 

b. Unable to utilize arabi¬ 

nose. 

Mycobacterium ep. 

Group II. Fail to survive 60®C for 1 
hour. Do not grow at 
47®C. 


a. Unable to utilize sorbitol. 

1. Unable to utilize arab¬ 

inose. 

Mycobacterium rame, 

Mycobacterium thamno- 
pheos. 

Mycobacterium sp. 

2. Utilize arabinose. 

Mycobacterium mar- 

inum. 

Mycobacterium «p. 

b. Utilizes sorbitol. 

Mycobacterium epp, 

c. Unable to utilize most 

carbohydrates. 

Mycobacterium fried- 
mannii. 

Mycobacterium ep. 

Group III. Survive 60®C for 1 hour. 

Grow at 47®C. 

a. Utilizes arabinose. 

Mycobacterium phlei. 

b. Unable to utilize arabi¬ 

nose. 

Mycobacterium ep. 

In this study Gordon and Hagan in¬ 
cluded many recently isolated soil forms, 
named saprophytic species, pathogens for 
cold-blooded animals and 19 cultures, 
from various collections, which bore the 
name Mycobacterium leprae. Of these 
so-called Mycobacterium leprae, six be¬ 
long to Group I which corresponds with 
Mycobacterium lacticola and includes 
many soil forms, two belong to Group 
Ha which includes Mycobacterium ranae, 
Mycobacterium tkamnopheoe and a num¬ 
ber of undefined soil forms, wdiile eleven 
belong to Group Ilb. The latter group 
includes a number of soil cultures but no 
other defined species. 

In the several groups to which so-called 
Mycobacterium leprae strains belong, 
some appear to be indistinguishable from 
soil forms, others are distinguished by 
habit of growth, utilization of carbohy¬ 
drates or by pigmentation. 

12. Mycobacterium lacticola Lehmann 
and Neumann. (Bakt. Diag., 2 Aufl., F, 
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1899, 409.) From Latin lac^ lactia, milk 
and cola, to dwell; hence, a milk dweller. 

From the fact that Lehmann and Neu¬ 
mann (foe. eit, 411) refer to the binomial 
Badllm friburgenais Korn, it is evident 
that the species name friburgemis (see 
Appendix) published the same year 
(1899) has priority over the species name 
lacticola. However, since it has never 
been used with the broad meaning given 
Mycobacterium lacticola by Lehmann and 
Neumann in the original description, it 
is not substituted for the more com¬ 
monly used Mycobacterium lacticola in 
this edition of the Manual. 

Description from Lehmann and Neu¬ 
mann (ioc. cit) and Jensen (Proc. Linnean 
Soc. of New So. Wales, 69, 1934, 19). 

Slender rods: 0.5 to 0.7 by 2 to 8 microns 
in young cultures, in older cultures the 
rods are shorter and frequently coccoid 
in shape. Curved and irregular forms 
occur occasionally. Branched forms, 
if they occur, are very rare. Staining 
is generally uniform but slight beading 
occurs occasionally. Strongly acid-fast 
except organisms from glucose-contain¬ 
ing media which are sometimes only 
faintly acid-fast. Gram-positive. 

Gelatin colonics: Similar to those on 
agar. 

Gelatin stab: Filiform growth in stab. 
No liquefaction. 

Agar colonies: Convex, glistening, with 
entire margins, at first smooth but after 
10 to 14 days growth folded or wrinkled. 
Opaque, at first w’hite, after 2 or 3 days 
growth becomes yellow. 

Glucose agar: Similar to agar but more 
rapid growth and less intensely pig¬ 
mented. 

Glycerol agar slants: Spreading, moist, 
wrinkled, pale cream-colored to yellow. 

Nutrient broth: Diffuse growth, later 
with yellowish pellicle. 

Litmus milk: Small white granules of 
growth at the surface, later a dry yellow¬ 
ish pellicle. After some weeks’ growth 
the milk becomes alkaline and clear. 
No coagulation. 


Dorset’s egg medium: As on glycerol 
agar. 

Coagulated serum: As«on glycerol agar. 

Potato: Spreading, raised, wrinkled 
growth, pale yellow to orange. 

Long’s medium lacking glycerol: No 
growth. Long’s medium with 5 per cent 
glycerol: Acid formed. (Thomson, 
Amer. Rev. Tub., 1932, 162.) 

Indole not formed. 

Nitrates: Reduced, doubtful (Jensen). 

Carbohydrates: Glucose, fructose, arab- 
inose and galactose are utilized; lactose 
is not utilized; sucrose is not utilized by 
3 strains, utilized by 1 strain {Mycobac¬ 
terium friburgenaia) (Merrill, Jour. Bact., 
20, 1930,235). Sorbitol, arabinose, galac¬ 
tose, trehalose, mannitol and fructose are 
utilized; sucrose is not utilized (Gordon, 
Jour. Bact., Si, 1937, 617). 

Optimum temperature 37°C, maximum 
temperature for growth 52°C, minimum 
15° to 18°C. Fails to survive 60°C for 
1 hour, grows at 47°C (Gordon, Jour. 
Bact., 54, 1937, 617; Gordon andHagan, 
Jour. Bact., 36, 1938, 39). 

Optimum pH 6.8 to 7.2. Limits for 
growth 4.5 to 10.0. 

Distinctive characters: Saprophytic 
acid-fast organism. Grows rapidly on 
most media, develops a yellow or orange 
pigmentation after 3 to 4 days growth. 
Fails to grow on Long’s medium lacking 
glycerol and produces acid when glycerol 
is present. Fails to survive 60°C for an 
hour, grows at temperatures as high as 
47°C. 

Variation: I^hmann and Neumann 
(Bakt. Diag., 2 Aufl., 2, 1899, 408) and 
Haag (Cent. f. Bakt., II Abt., 71, 1927,1) 
describe three forms: a flat smooth form, 
a moist, slimy, smooth form and a dry, 
friable perrugose form. The two former 
correspond wdth S and the latter with R 
types described by Bynoe as characteris¬ 
tic of Mycobacterium atercoria, Myco¬ 
bacterium berolinenaia, Mycobacterium 
butyricum and Mycobacterium graminia 
which in turn correspond with S and R 
types of other members of the genub. 
^hwabacher (Spec. Rep. Ser. Med. Res. 



FAMILY MYCOBACTERIACEAE SSO 


Coun., London, No. 182, 1933) finds a 
difference in tlie arrangement of I ho indi¬ 
vidual cells of the S and U types. 

Source: From butter, plant dust, row 
manure. 

Habitat: Gordon (Jour. Bact., 34, 1937, 
617) found 1 culture isolated from nasal 
exudate, 1 from bovine lymph gland and 
94 isolated from soil, out of a group of 
215 soil cultures belonging to the genus, 
to be either identical with or very closely 
related to this species. If those strains 
are valid members of the species, Myco¬ 
bacterium lacticola is widely distributed 
in soil, dust, dairy products, etc. 

13. Mycobacterium phlei Ijchmann and 
-Neumann. (Tirnotlieebacillus or Gras- 
bacillus I, Moeller, 1 herapeutischen 
Monatsheften, 12, 1808, 607; Moeller, 
Deut. mod. Wehnschr., 24 , 1898, 376; 
I^ehmaiin and Neumann, Bakt. Diag.. 
2 AuH., 2, 1890, 411; Mijcohncietium 
moclleri Chester, Manual Determ. Batt., 
1901, 358; Scferolhrix phlei Vuillemin, 
Encyclopedic Mycologiquo, Paris, 2. 
1931,160.) From M. L. Vhleum, a genus 
of grasses. 

Description from Moeller (loc. cit.) and 
Jensen (Proc. Linnean Soc. New So. 
Wales, 69, 1934, 32). 

Slender rods; 0.2 to 0.5 by 1 to 4 microns, 
sometimes club-shaped, frequently 
beaded, rarely branched. Strongly acid- 
fast and acid-alcohol-fast in cultures 
older than 2 to 3 days, in younger cultures 
there are generally many non-acid-fast 
cells, Non-motile. Gram-positive. 

Gelatin colonies: Small, 0.5 to 1 mm in 
diameter; irregular, raised, moist and 
glistening, finely granular, orange. 

Gelatin stab: Filiform, opaque, orange. 
No liquefaction. 

Agar colonies: Similar to gelatin colo¬ 
nies, yellow to orange. 

Agar slant: Spreading, raised, dry with 
roughened granular surface, yellow to 
orange. 

Broth: Turbid, with yellow pellicle. 

Dorset’s egg medium: Spreading, 
raised, dry, orange. 


Loeffier’s scrum: Similar to Dorset’s 
egg medium, creamy to yellow. 

Glycerol broth: Thin transparent pelli¬ 
cle, later becoming thickened, rough, 
wrinkled and yellow to pink, still later a 
flaky sediment. 

Litmus milk: Yellow flocculi on sur¬ 
face, slowly becomes alkaline. No co¬ 
agulation. 

Potato: Thick, dry, yellow*, adherent 
grow’th. 

Long’s medium lacking glycerol: Abun¬ 
dant growth. Long’s medium with 5 
per cent glycerol: No acid formed 
(Thomson, Amer. Rev. Tub., 26, 1932, 
162). 

Nitrites are produced from nitrates. 

Indole not formed. 

Carbohydrates: Glucose, fructose, arab- 
inose, trclialosc, mannitol and galactose 
arc utilized; sucrose and lactose are not 
utilized (Merrill, Jour, liact., 20, 1930, 
235; Gordon, Jour. Bact., 34, 1937, 617). 

Temperature relations: Survives 60°C 
for 1 hour, grows at 47°C (Thomson, 
Amer. Jour. Tub., 26, 1932, 162); opti¬ 
mum for grow’th 37®C, range 20® to 58®C 
(Bynoe). 

Optimum pH 6.8 to 7.3; range 5.5 to 

10 . 0 . 

Pathogenicity: The injection of large 
numbers of organisms into guinea pigs 
results in a local abscess of a few weeks’ 
duration, occasionally small abscesses de¬ 
velop in the regional lymph glands or 
the visceral organs. According to Mayer 
(Cent. f. Bakt., I Abt., 26, 1899,331) and 
others, the injection of the organisms 
along with butter or other fat increases 
the pathological reaction. 

Variation: Haag (Cent. f. Bakt., II 
.\bt., 71, 1927, 1) and Bynoe (Thesis, 
McGill University, Montreal, 1931) find 
tw'O or three colony types: an R form 
w*hich fits into the description of the 
species given above and an S type w*hich 
grows as a perfectly smooth, raised, 
moist, glistening colony with an entire 
margin. Cooper (Jour. Inf. Dis., 64^ 
1934, 236) distinguished pigmented and 
non-pigmented types. 
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Distinctivd oharactars: Saprophyti 
aoid-fast organism, grows rapidly on 
most media. Shows yellow pigmentation 
as soon as growth is visible. Grows 
well on Long’s medium lacking glycerol 
and fails to produce acid when glycerol 
is present. Survives 60'’C for 1 hour 
and grows at 47^0. 

Source: Originally isolated from hay 
and grass. Frequently found in soil, 
dust and other sources. Out of 215 
cultures of the genus recovered from 
soils by Gordon (Jour. Bact., S4, 1937, 
617) Mycobacterium phlei was isolated 
on 22 occasions. The same author re¬ 
ports 3 cultures of a closely related if 
not identical organism recovered from 
bovine lymph glands, 1 recovered from 
bovine skin and 1 recovered from a hen’s 
spleen. 

Habitat: Widely distributed in soils, 
dust, hay, etc. 

Appendix 1: The following saprophytic 
species have been placed in tUs genus. 
Their relationships are not clear. Some 
are related to or possibly identical with 
Mycobacterium lacticola, 

Mycobacterium album Sohngen. 
(Cent. f. Bakt., II Abt., 37, 1913, 599.) 
P^m garden earth. 

Mycobacterium bekkerii Bekker. (An¬ 
tonie van Leeuwenhoek, 9, 1943,81; abst. 
in Cent. f. Bakt., I Abt., Orig., 149, 
1944, 50Q.) From urine. 

Mycobacterium berolinenee Bergey et al. 
(Tuberkelkhnlichen Bacillen, Rabino- 
witsch, Ztschr. f. Hyg., 96, 1897, 90; 
Mycobacterium lacticola perrugoaum 
Lehmann and Neumann, Bakt. Diag., 2 
Aufl., 9, 1899, 410; Mycobacterium lacti¬ 
cola perrugoaum Haag, Cent. f. Bakt., 
II Abt., 71, 1927,3; Bergey et al., Manual, 
1st ed., 1923, 377.) From butter. 

Mycobacterium butyri Chester. (Man. 
Determ. Bact., 1901, 357.) This name 
includes both the Tuberkel&hnlichen 
Bacillen of Rabinowitsch and the Butter 
Bacillus of Petri, From butter. 

Mycobacterium butyricum Bergey et al. 
(Batter Bacillus, Petri, Arb. kaiserl. 


cGesundheitsamte, Hi 1898, 1; Bergey et 
al., Manual, 1st ed., 1923, 377.) From 
butter. 

Mycobacterium choleaterolicum Tak. 
(Antonie van Leeuwenhoek, 8, 1942, 
39.) From garden soil. 

Mycobacterium friburgenaie (Korn) 
Chester. {Bacillua friburgenaie Korn, 
Cent. f. Bakt., I Abt., 96, 1899, 532; 
Mycobacterium lacticola y friburgenaie 
Lehmann and Neumann, Bakt. Diag., 2 
Aufl., 9, 1899,411; Che8ter,Man. Determ. 
Bact., 1901, 359.) From butter. 

Mycobacterium graminia Chester.- 
(Grasbacillus II, Moeller, Cent f. Bakt., 
I Abt., 96, 1899, 369; Mycobacterium lac¬ 
ticola a planum Lehmann and Neumann, 
Bakt. Diag., 2 Aufl., 9, 1899,408; Chester, 
Man. Determ. Bact.,''1901, 3^; Myco¬ 
bacterium lacticola planum Haag, Cent, 
f. Bakt., II Abt., 71, 1927, 3.) From 
hay dust. 

Mycobacterium kyalinum Sohngen. 
(Cent. f. Bakt., II Abt., 37, 1913, 599.) 
From garden earth. 

Mycobacterium luteum Sohngen (loc, 
cit). From garden earth. 

Mycobacterium muria Simmons. 
(Jour. Inf. Dis., 41, 1927,13.) From the 
feces of gray mice. 

Mycobacterium phlei perrugoaum Haag. 
(Cent. f. Bakt., II Abt., 71, 1927, 6.) 
From soils and manure. 

Mycobacterium phlei planum Haag {loc. 
cit.). From soils. 

Mycobacterium ranicola I and II Haag 
{loc. cit.). From frogs. 

Mycobacterium rubrum Sohngen {loc. 
cit.). Frooi garden earth. 

Mycobacterium smegmalia (Trevisan) 
Chester. (Smegma l)acillus, Alvarez 
and Tavel, Arch. Pliys. norm, et path., 
6, 1885, 303; Bacillus smcgmahs Trevisan, 
I generi e le specie delle Batteriacce, 
1889, 14; Bacterium smegmatia Migula, 
Syst. d. Bakt., 9, 1900, 497; Chester, 
Man. Determ. Bact., 1901, 357.) From 
smegma. Weber (Arb. kaiserl. Gesund- 
heitsamte, 19, 1902, 251) finds Mycobac¬ 
terium amegmaiia acid- but not alcohol- 
fast in contrast to the mammalian 
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tubercle bacilli which are both acid- and 
alcohohfast. Later observers (Bynoc, 
Thesis, McGill University, Montreal, 
1931) have not found this a valid dis¬ 
tinction. 

Mycohactcnuvi smegmatis var. inuris 
GalU-Valerio. (Cent. f. Bakt., I Abt., 
Grig., 75, 1915, 49.) From the preputial 
glands of the black rat (Mus raiius). 

Mycobacterium stercoris Bergey et al. 
(Mist Bacillus, Moeller, Berlin, thier- 
arztl. Wochnschr., 1898, 100; Mycobac¬ 
terium stercusis (sic) Borgey et al., 
Manual, 1st ed., 1923, 378; Bergey et al., 
Manual, 4th cd., 1934, 542.) From 
manure. 

Mycobacterium testudime Friedmann 
and Piorkowski. (See Haag, Cent. f. 
Bakt., II Abt., 71, 1927, 5; apparently 
the same as Mycobacterium testudo, loc. 
cit.j 10.) This is probably Mycobacte¬ 
rium friedmannii. From turtles. 

Appendix II: Krassilnikov (Mikro- 
biol., 7, 1938, 336; and Ray Fungi and 


Related Organisms, Izd. Acail. Nauk. 
Moskow, 1938, 121-130) describes a 
genus Mycococcus distinct from Hans* 
girg’s (Osterr. Bot. Ztschr., 58, 1888, 
266) family Mycococcaeeae (which is 
related to the fungi) and distinct from 
Mycococcus Bokor (Arch. f. MikrobioL, 
i, 1930, 1). 

Mycococcus Krassilnikov includes 
species that produce ooccus-like cells, 
genetically related to the species included ’ 
in Mycobacterium; reproduction is by 
fission or budding in different directions, 
often forming short, irregular chains with 
side branches; in old cultures, the vege¬ 
tative cells change into resting cells, the 
latter germinating in a manner similar 
to the spores of actinomycetes. Seven 
species are listed, with incomplete de¬ 
scriptions. Mycococcus ruber, M. capeu- 
latus, M. luteus, M. citreus and M, albus 
are described in Krassilnikov’s original 
paper. One of these {Mycococcus luteus) 
is dropped in his later monograph while 
descriptions of two new species are added 
(Mycococcus tetragenus and M. mueosus)* 
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FAMILY II. ACTINOMYCETAOEAE BUCHANAN.* 

(Jour. Bact., S, 1918| 403.) 

Mycelium is noii-septate during the early stages of growth but later may become 
septate and break up into short segments, rod-shaped or spherical in shape, or the 
mycelium may remain non-septate and produce spores on aerial hyphae. The or¬ 
ganisms in culture media are either colorless or produce various pigments. Some 
species are partially acid-fast. This family is distinguished from the previous one 
by the formation of a true mycelium. As compared with the next family, it is charac¬ 
terized by the manner of spore formation. 

Key to the genera of family Actinomycetaeeae. 

I. Obligate aerobic. The colonies are bacteria-like in nature, smooth, rough or 
folded, of a soft to a dough-like consistency, sometimes compact and leathery 
in young stages. Most forms do not produce any aerial mycelium; a few pro¬ 
duce a limited mycelium, the branches of which also break up into oidiospores 
or segmentation spores. Some species are partially acid-fast. 

Genus I. Nocardia, p. 802. 

II. Anaerobic or microaerophilic, parasitic; non-acid-fast, non-proteolytic and non- 
diastatic. 

Genus II. Actinomyces^ p. 925. 

Genus /. Nocardla Trevisan, 

(Trevisan, I generi e le specie delle Batteriacee, 1880, 9; Actinomyces Gasperini, 
Cent. f. Bakt., IS, 1894, 684 and Atti dell* XI congresso med. internaz. Roma, 6, 
1896, 82; not Actinomyces Harz, Jahresber. d. Miinch. Thierarzneischule for 1877- 
1878,1879,125; Actinobacterium Haas, Cent. f. Bakt., I Abt., Orig., 40 , 1906,180; Sam- 
pietro, Ann. d’lgiene, Roma, 18, 1908, 331; Actinococcus Beijerinck, Folio Microbiol., 
Delft, 3, 1914, 196; not Actinococcus Kutzing, Species Algaruin, 1849; Brevistrepto- 
thrix Lignieres, Ann. Parasit. hum. et comp., 3, 1934, 1; Asteroidas Puntoni and Leo¬ 
nard!, Boll, e Atti d. R. Accad. Med.,^7, 1935,99; Proadinornyces Jensen, Proc. Linn. 
Soc. New So. Wales, S6, 1931, 345.) Named for Prof. E. Xocard who first described 
the type species. 

Slender filaments or rods, frequently swollen and occasionally branched, forming a 
mycelium which after reaching a certain size assumes the appearance of bacterium¬ 
like growths. Shorter rods and coccoid forms are found in older cultures. Conidia 
not formed. Stain readily, occasionally showing a slight degree of acid-fastness. 
Non-motile. No endosporcs. Aerobic. Gram-positive. The colonies are similar 
in gross appearance to those of the genus Mycobacterium. Paraffin, phenol and 
m-cresol are frequently utilized as a source of energy. 

In their early stages of growth on culture media (liquid or solid), the structure of 
nocardias is similar to that of actinomyces in that they form a typical mycelium 
hyphae branch abundantly, the branching being true. The diameters of the hyphae 
vary between 0.5 and 1 micron, usually 0.7 to 0.8 micron, according to the species. 
The mycelium is not septate. However, the further development of nocardias differs 
sharply from that of actinomyces: the filaments soon form transverse walls and the 
whole mycelium breaks up into regularly cylindrical short cells, then into coccoid 


• Completely revised by Prof. S. A. Waksman, New Jersey Experiment Station, 
New Brunswick, New Jersey and Prof. A. T. Henrici, University of Minnesota, 
Minneapolis, Minnesota, May, 1943. 
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cells. On fresh culture media, the coccoid cells germinate into mycelia. The whole 
cycle in the development of nocardias continues for 2 to 7 days. Most frequently the 
coccoid cells are formed on the third to fifth day, but in certain species (e.g., Nocardia 
rubra) they can be found on the second day. 

Numerous chlamydospores may be found in older cultures of nocardias. They are 
formed in the same way as the chlamydospores in true fungi: the plasma inside the 
filaments of the mycelium condenses into elongated portions. In older cultures of 
nocardias many coccoid cells are changed into resistant cells. The latter are larger 
than the vegetative coccoid cells; the plasma of these cells is thicker tlian the plasma 
of vegetative cells; on fresh media they germinate like the spores of actinomyces; 
they form 2 to 3 germ tubes. Besides the cells mentioned, numerous involution 
forms can often be found in older cultures of nocardias; the cells are thin, regularly 
cylindrical or coccoid, are often transformed into a series of spherical or elliptical 
ampules and a club-like form (2 to 3 microns and more). 

The multiplication of nocardias proceeds by fission and budding; occasionally they 
form special spores. Budding occurs often. Tlie buds are formed on the lateral 
surface of the cells; when they liave reached a certain size, they fall off and develop 
.into rod-shaped cells or filaments. The spores are formed by the breaking up of the 
cell plasm into separate portions usually forming 3 to 5 spores; every portion becomes 
rounded, covered with a membrane and is transformed into a spore; the membrane 
of the mother cell dissolves and disappears. The spores germinate in the same way 
as those of actinomyces. They form germ tubes which develop into a mycelium. 

The colonies of nocardias have a pastc-like or mealy consistency and can easily be 
taken up with a platinum loop; they spread on glass and occasionally render the broth 
turbid. The surface colonies are smooth, folded or wrinkled. Typical nocardias 
never form an aerial mycelium, but there are cultures whose colonics are covered with 
a thin coating of short aerial hyphac which break up into cylindrical oidiospores. 

Many species of nocardias form pigments; their colonies are of a blue, violet, red, 
yellow or green color; more often the cultures are colorless. The color of th(‘ cul¬ 
ture serves as a stable character. 

Krassilnikov (Bay fungi and related organisms, Izd. Acad. Nauk, U.S.S.R., Moscow, 
1938) divides the genus into two groups: 1. Well developed aerial mycelium; sub¬ 
strate mycelium seldom produces cross-walls; the threads break up into long, tliread- 
like rods; branches of the aerial mycelium produce segmentation spores and oidio¬ 
spores; the latter are cylindrical with sharp ends; no spirals or fruiting branches. 
This group is the same as group B of Jensen (loc. cit.). 2. Typical forms; mycelium 
develops only at early stages of growth, then breaks up into rod-shaped and coccoid 
bodies; smooth and rough colonies, dough-like consistency; never form an aerial myce- 
lium* similar to bacterial colonics; aerial mycelium may form around colonics. This 
genus can also be divided, on the basis of acid-fastness, into two groups: Group 1. 
Partially acid-fast organisms, which are non-proteolytic, non-diastatic and utilize 
paraffin; usually yellow, pink, or orange-red in color Group 2. Non-acid-fast or¬ 
ganisms, which are diastatic, largely proteolytic and do not utilize parafiin; yellow, 

orange to black in color. 

The type species is Nocardia farcinica Trevisan. 

Kerj to the species of genus Nocardia. 

I. Partially acid-fast* organisms with strongly refractive cells; non-proteolytic 
and generally non-diastatic ; constantly capable of utilizing paraffin. _ 

• Acid-fastness is not marked in cultures, is apparent in infected tissues; pro¬ 
nounced in sputum or other exudates. 
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A. Initial mycelium well developed, richly branching, dividing into rode and 

generally into cocci. 

1. Vegetative mycelium soft, without macroecopically visible aerial 

mycelium. 

a. Vegetative mycelium yellow, orange' or red. 

b. Pathogenic. 

c. Vegetative mycelium white, buff, or pale yellow. 

1. Nocardia farciniea, 
cc. Vegetative mycelium yellow to red. 

2. Nocardia asteroidea, 

bb. Not pathogenic. 

3. Nocardia polychromogenes. 
aa. Vegetative mycelium white to pink. 

b. Gelatin not liquefied. 

c. Growth on nutrient agar opaque, cream-colored; 
coccoid forme in broth. 

4. Nocardia opaca. 

cc. Growth on nutrient agar watery, no coccoid forms in 
broth. 

5. Nocardia erytkropolia. 
ccc. Growth on nutrient agar pink. 

d. White aerial mycelium on milk. 

6. Nocardia leiahmanii, 
dd. Pink pellicle on milk. 

7. Nocardia caprae, 
ddd. Yellow pellicle on milk. 

8. Nocardia pretoriana. 
bb. Gelatin liquefied. 

9. Nocardia pulmonalia, 

2. Vegetative mycelium bard, yellow, with white aerial mycelium; hyphae 

divide into chains of acid-fast cocci. 

10. Nocardia paraffinae. 

B. Initial mycelium very short, rapidly dividing into rods and cocci. 

1. Slowly growing organisms; cells 0.5 to 0.7 micron in diameter. 

11. Nocardia minima, 

2. Rapidly growing organisms; cells 1.0 to 1.2 microns in diameter. 

a. Growth pink. 

b. Cystites (swollen celb) not formed, 

c. No indigotin from indole. 

12. Nocardia corallina^ 
cc. Indigotin from indole. 

13. Nocardia globerula, 
bb. Cystites formed. 

14. Nocardia aalmonicolor, 

aa. Growth coral red. 

15. Nocardia rubropertincta, 

aaa. Growth dark red. 

16. Nocardia rubra. 


aaaa; Growth white. 

b. No aerial mycelium. 

17* Nocardia eo^iaea, 
bb. Aerial mycelium. 

18. Nocardia tranavaknaia. 
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II. Non-acid-fast organums with weakly lefnetive cells; ne distinct formation of 
cocci. Constantly diastatic. 

A. Not proteolytic. 

1. Growth on agar pale cream. 

19. Nocardia mesenUrica, 

2. Growth on agar yellow. 

2Q. Nocardia flava. 

3. Growth on agar green. 

21. Nocardia viridia. 

4. Growth on agar yellow-green. 


22. Nocardia citrea. 

6. Growth on agar pink to crimson. 

23. Nocardia madurae. 

6. Growth consistency soft, sparse aerial mycelium. 

24. Nocardia lutea. 

7. Growth consistency medium, good aerial mycelium. 

25. Nocardia hlackwellii. 

8. Good action on milk. Growth consistency firm, liberal, aerial myce¬ 

lium. 


26. Nocardia cunieuli, 

9. Deep brown pigment on protein media. 

27. Nocardia rangoonenaia, 
10. Light brown pigment on protein media. 

28. Nocardia caviae. 


B. Proteolytic. 

1. Growth on nutrient agar with rapid formation of unbranched diphthe¬ 

roid-like rods; no typical cystites; broth turbid. 

29. Nocardia actinomorpha, 

2. Growth on nutrient agar with extensive mycelia; simple unbranched 

rods not formed; cystites present. Broth clear. 

30. Nocardia Jlaveacena. 

3. Colonies orange-yellow to orange-red, which may change to black. 

31. Nocardia maculata. 

4. Light brown pigment on protein media. 

32. Nocardia rkodnii. 

5. Green to greenish-brown pigment on protein media. 

33. Nocardia gardneri. 


1. Nocardia farcinica Trevisan. (Ba- 
cille du farcin. Nocard, Ann. Inst. Past., 
1,1888,293; Trevisan, I generi e le specie 
delle Batteriacee, Milan, 1889,9; 
ifix farcinica Rossi Doria, Ann. d. 1st. 
d*Igi. Sper. Univ. di Roma, f, 1891, 424; 
Actinomycea farcinicua Gasperini, Ann. 
1st. d’l^pene, Roma, j?, 1892,222; Ooapora 
farcinica Sauvageau and Radais, Ann. 
Inst. Past., d, 1892, 248; Actinomycea 
hovia farcinicua Gasperini, Cent. f. Bakt., 
1894, 684; BaeiUua farcinicua Gas¬ 


perini, ibid,; Cladothriz farcinica Mac6, 
Trait6 de Bact4riologie, 3rd ed., 1894, 
1047; Streptoihriz farcini botda Kitt, 
Bakterienkunde und pathologische 
Mikroskopie, Vienna, 3 Aufl., 1899, 511; 
Bacterium nocardi Migula, Syst. d. 
Bakt., d, 1900, 345; Streptothrix nocardii 
Foulerton, Jour. Compt. Path, and 
Therap., 14y 1901, 51; Diacomycea far- 
cinicua Gedoelst, Les champignons 
parasites de Thomme et des animaux 
domestiques, Brussels, 1902, 167; Ac- 
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tinomyces nocardii Buchanan, Veterinary 
Bacteriology, Philadelphia, 1911, 378; 
Nocardia albida Chalmers and Christo- 
pherson, Ann. Trop. Med. and Parasit., 
10, 1916, 271, according to Dodge, Medi¬ 
cal Mycology, St. Louis, 1935, 746.) 
From M. L. farcinicus, of farcy. 

Filaments 0.25 micron in thickness, 
branched. Markedly acid-fast. 

Gelatin colonies: Small, circular, trans¬ 
parent, glistening. 

Gelatin stab: No liquefaction. 

Agar colonies: Yellowish-white, irregu¬ 
lar, refractive, filamentous. 

Agar slant: Grayish to yellowish-white 
growth, surface roughened. 

Broth: Clear, with granular sediment, 
often with gray pellicle. 

Litmus milk: Unchanged. 

Potato: Abundant, dull, crumpled, 
whitish-yellow growth. 

Nitrites not produced from nitrates. 

No soluble pigment formed. 

Proteolytic action absent. 

Starch not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From cases of bovine farcy. 

Habitat: Associated with a disease in 
cattle, resembling chronic tuberculosis. 
Transmissible to guinea pigs, cattle and 
sheep, but not to rabbits, dogs, horses or 
monkeys. 

2. Nocardia asteroides (Eppinger) 
Blanchard. (Cladothrix asteroides Ep¬ 
pinger, Beitr. z. path. Anat., 9, 1891,287; 
Sireptoirix (sic) eppingerii Rossi Doria, 
Ann. Inst. dTg. sper. d. Univ, Roma, 
/, 1891, 423; Sireptoirix (sic) asteroides 
Gaeperini, Ann. Inst. d’lg. sper. d. Univ. 
Roma, F, 1892, 183; Oospora asteroides 
Sauvageau and Radais, Ann. Inst. Past., 
d, 1892^ 252; Actinomyces asteroides 
Gaeperini, ,Cent. f. Bakt., 16, 1894, 684; 
Blanchard, in Bouchard, Trait4 Path. 
Gdn., F, 1895, 811; Discomyces asteroides 
Gedoelst, Champ. Paras. Homme et 
Anim., 1002, 173, Actinomyces eppingeri 
Namyslowski, Cent. f. Bakt., I *Abt., 


Orig., 6S, 1912, 566; Asteroides asteroides 
Puntoni and Leonardi, Boll, e Atti 
cl. R. Accad. Med. di Roma, 61, 1935, 92; 
Mycobacterium asteroides, quoted from 
Puntoni and Leonardi, idem; Proacti^ 
nomyces asteroides Baldacci, Soc. 
Internal, di Microb., Boll. d. Sez. Ital., 
0, 1937, 141.) From Greek aster, star 
and cidos, shape. 

Probable synonyms: Sireptoirix auran- 
tiaca Rossi Doria, loc. cit., 417 (Actino- 
myces aurantiacus Gasperini, loc. cit., 
1892, 222; Oospora aurantiaca Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 2, 
1896, 388; Cladothrix aurantiaca Mac6, 
Trait6 Pratique de Bact., 4th ed., 1901, 
1096; Nocardia aurantiaca Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 268) ancl Streptothrix 
freeri Musgrave and Clegg, Philippine 
Jour. Sci., Med. Sciences, 2, 1907, 477 
(Discomyces freeri Brumpt, Precis de 
Parasitol., Paris, 1st ed., 1910, 858; 
Nocardia freeri Pinoy, Bull. Inst. Past., 
11, 1913, 936; Oospora freeri Sartory, 
Champ. Paras. Homme et Anim., 1923, 
785; Actinomyces freeri Bergey et al.. 
Manual, Ist ed., 1923 , 346). According 
to Chalmers and Christopherson (loc. 
cit.) another synonym of this organism 
is Streptothrix hominis Sabrazes and 
Rividre, Le Semaine M^decine, 1895, 
no. 44. 

Straight, fine mycelium, 0.2 micron in 
thickness, which breaks up into small, 
coccoid conidia. Acid-fast. 

Gelatin stab: Yellowish surface growth. 
No growth in stab. No liquefaction. 

Synthetic agar: Thin, spreading, orange 
growth. No aerial mycelium. 

Starch agar: Restricted, scant, orange 
growth. 

Plain agar: Much folded, light yellow 
growth, becoming deep yellow to yellow¬ 
ish-red. 

Glucose broth: Thin, yellowish pellicle. 

Litmus milk: Orange-colored ring. 
No coagulation. No peptonization. 

Potato: Growth much wrinkled, whit¬ 
ish. becoming yellow to almost brick-red. 
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Nitrites produced from nitrates. 

No soluble pigment formed. 

Proteolytic action doubtful. 

Starch not hydrolyzed. 

Transmissible to rabbits and guinea 
pigs but not to mice. 

Aerobic. 

Optimum temperature 37®C. 

Source: From a cerebral abscess in man. 

Habitat: Also found in conditions re¬ 
sembling pulmonary tuberculosis. 

A number of strains of acid-fast ac- 
tinomycetes isolated from human lesions 
have deviated in certain particulars from 
the description of Nocar dia aster aides, 
but not sufficiently to warrant separation 
as species. The following varieties are 
described by Baldacci (Mycopathologia, 
7, 1938, 68): 

Nocardia asUroides var. crateriformis 
(Baldacci) comb, nov, (Proactinomyces 
asUroides var. crateriformis Baldacci, 
toe. cit .) Less tendency to fragmentation 
of mycelium. Complete lack of aerial 
mycelium. Growing as discrete colonies, 
disk- or crater-shaped. 

Nocardia asUroides var. decolor 
(Baldacci) comb, nov, (Proactinomyces 
asUroides var. decolor Baldacci, loc. cit,) 
Greater tendency to produce white 
aerial mycelium; vegetative mycelium 
colorless. 

Nocardia asUroides var. gypsoides 
(Baldacci) comb. nov. (Actinomyces 
gypsoides Henrici and Gardner, Jour. Inf. 
Dis., )?8, 1921, 248; Discomyces gypsoides 
Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922, 980; Oospora gypsoides 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 802; Proactinomyces as- 
teroides var. gypsoides Baldacci, loc. 
cit.) White aerial mycelium; darkening 
of peptone media. 

3. Nocardia polychromogenes (Vall4e) 
comb. nov. (Streptothrix polychromogenes 
Vall6e, Ann. Inst. Past., 77, 1903, 2^; 
Streptothrix pluricromogena Caminiti, 
Cent. f. Bakt., I Abt., Orig., 44, 1907, 
198; Actinomyces polychromogenes Lieske, 


Morphol. u. Biol. d. Strahlenpilze^ 
Leipzig, 1921, 32; Proactinomyces poly* 
chromogenes Jensen, Proc. Linnean Soc. 
New So. Wales, 66, 1931, 79 and 363; 
Oospora polychromogenes Sartory, quoted 
from Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4, 1934, 51; Adi* 
nomyces plurichromogenus Dodge, Medi¬ 
cal Mycology, St. Lduis, 1935, 737.) 
From Greek, producing many colors. 

Description from Jensen (loc. di.). 

Long wavy filaments: 0.4 to 0.5 by 70 
to 100 microns, extensively branched but 
without septa. Older cultures consist 
entirely of rods 4 to 10 microns, fre¬ 
quently in V, Y, or smaller forms. Still 
older cultures consist of shorter rods and 
coccoid forms. Gram-positive, fre¬ 
quently showing bands and granules. 

Gelatin stab: Thin yellowish growth 
along the stab with thin radiating fila¬ 
ments. Surface growth flat, wrinkled, 
red. No liquefaction. 

Nutrient agar: Scant, orange-red 
growth. 

Glucose agar: After 3 to 4 days raised, 
fiat, glistening, rose-colored growth. 
After 1 to 3 weeks becoming folded and 
coral-red. 

Glucose broth: After 3 to 4 days tur¬ 
bid; after 2 to 3 weeks an orange flaky 
sediment. No surface growth. 

Milk: Growth starts as small orange- 
colored surface granules. After 1 to 2 
weeks a thick, soft, orange-colored sedi¬ 
ment forms. 

Optimum temperature 22^ to 25°C. 

Distinctive characters: Differs from 
Nocardia corallina in the formation of 
very long filaments and in filiformfgrowth 
in gelatin stabs. 

Source: From the blood of a horse; 
from soil in France and Australia. 

Habitat: Soil. 

4. Nocardia opaca (den Dooren de 
Jong) com6. nov. (Mycobacterium opacum 
den Dooren de Jong, Cent. f. Bakt., II 
Abt., 77, 1927, 216; MycobaeUrium crys* 
tallophagum Gray and Thornton, Cent. 
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f. Bakt., 11 Abt., 75, 1928, 86; Actino- 
myces cryatallophagua Bergey et al., 
Manual, 8rd ed., 1930, 473; Proaclinc- 
mycea opocua Jensen, Proc. Linnean Soc. 
New So. Wales, 57,1932, 369; Proactino- 
mycea cryatallophagua Reed, in Manual, 
5th ed., 1939, ^4.) From Latin opacua, 
shady, darkened. 

Description from Gray and Thornton 
(loe, cit,), Bynoe (Thesis, McGill Uni¬ 
versity, Montreal, 1931), and Jensen 
(he. ciL). 

Long, curved, irregular and branching 
filaments or ro^: 0.8 to 1.0 by 2 to 16 
microns, or occasionally longer. Few 
chains or clumps are formed. In older 
cultures shorter rods or cocci are gener¬ 
ally formed. Readily stained. Not 
acid-fast. Gram-positive. 

Gelatin colonies: Round, convex, whit¬ 
ish, smooth, shining, edges slightly ar¬ 
borescent. Deep colonies: Burrs, with 
slightly irregular processes. 

Gelatin stab: Convex, whitish, smooth, 
resinous, filiform, erose. 

Broth: Turbid with broken white 
scum, or clear with granular suspension. 

Dorset’s egg medium: Spreading, 
smooth, moist, salmon-colored growth. 

Loeffler’s medium: Scanty growth, 
smooth, moist, light buff-colored. 

Glycerol potato: Dry, rough, crumpled, 
pink to buff-colored growth. 

Litmus milk: Grayish pellicle; slightly 
alkaline. 

Nitrites are produced from nitrates. 

No acid from sucrose, lactose, maltose 
or glucose. 

Phenol and naphthalene are utilized as 
sources of enci^. 

Optimum pH 6.8 to 7.3. 

Optimum temperature 30®C. 

Distinctive cl^racters: Differs from 
Nocardia corallina and Nocardia poly- 
ehromogenea in that the cells are much 
longer than those of the former and much 
shorter than those of tne latter. Grows 
in smooth convex surface colonies and 
burr-like deep colonies. 


Source: Twenty-four strains isolated 
from soils in Great Britain. 

Habitat: Probably sparingly distrib¬ 
uted in soils. 

5. Nocardia erythropolis (Gray and 
Thornton) comb. nov. (Mycobacterium 
erythropolis Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 87; Actino¬ 
myces erythropolis Bergey et al.. Manual, 
3rd ed., 1930, 472; Proactinomycea 
erythropolis Jensen, Proc. Linnean Soc. 
of New So. Wales, 57, 1932, 371.) From 
Greek eryihrus^ red and polis^ city. 

Description from Gray and Thornton 
(loc. cit.) and from Bynoe (Thesis, 
McGill University, Montreal, 1931). 

Long uneven-sided rods and filaments, 
curved and branching up to 11 microns 
long by 0.8 micron. Coccoid forms not 
formed. Stains readily. Not acid-fast. 
Gram-positive. 

Gelatin colonies: After 12 days, round, 
flat, white, shining; edge entire. Deep 
colonies: Round, smooth. 

Gelatin stab: After 8 to 14 days, con¬ 
vex, white, smooth, shining, radiate from 
center, borders cleft. Line of puncture 
filiform, erose. 

Agar colonies: Round, 2 to 3 mm in 
diameter, convex, watery-white; edge 
entire. Deep colonies: Lens-shaped. 

Agar slant: Filiform, flat, watery 
growth; edge undulate. 

Broth: Growth slight, turbid. 

Dorset’s egg medium: After 2 weeks, 
raised, moist, finely granular, irregular 
margin, flesh-colored. 

Loeffler’s medium: After 7 days growth 
as on Dorset's egg medium, but pink. 

Glycerol fwtato: After 7 days, flat, 
dry, rough, orange-colored. 

Litmus milk: Pale pink pellicle. 

Nitrites not produced from nitrates. 

No acid from glucose, lactose, sucrose 
or glycerol. 

Phenol is utilized. 

Optimum pH 6.S to S.O. 

Optimum temperature 25®C. 
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Distinctive characters: Differs from 
Nocardia eoeliaca and Nocardia actino- 
morpha in the filiform growth and absence 
of liquefaction of gelatin. Long rods and 
filaments. 

Source: Six strains isolated from soils 
in Great Britain. 

Habitat: Presumably soil. 

6. Nocardia lelshmanll Chalmers and 
Christopherson. (A new acid-fast 
streptothrix, Birt and Leishman, Jour. 
Hyg., 1902,120; Chalmers and Christo¬ 
pherson, Ann. Trop. Med. and Parasit., 
10f 1916, 255; Discomycea leishmani 
Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922, 984; Actinomycea leiahmani 
Sartory and Bailly, Mycoses pul- 
monaires, 1923, 253.) Named for Leish- 
man, one of the original isolators. 

Description from Erikson (ioc. ctL, 
p. 27). 

Initial cells frequently swollep, large 
and irregular, aggregated in short chains 
and then branching out into regular 
narrow filanlents; at margin of colony on 
synthetic glycerol agar may be seen 
comparatively long thick segments with 
accompanying fringe of normal hyphae; 
later entire colonies asteroid in appear¬ 
ance, very fine and close angular branch¬ 
ing, with aerial hyphae situated singly; 
aerial mycelium generally abundant with 
irregularly cylindrical conidia. Slightly 
acid-fast. The latter property must 
have been attenuated during artificial 
cultivation, for the organism is repwried 
as markedly acid-fast by the original 
isolators. 

Gelatin: Small pink colonies in depths 
of stab. No liquefaction. 

Glucose agar: Rounded elevated colo- 
nies with paler frosting of aerial mycelium; 
growth becoming piled up, aerial myce¬ 
lium sparse. 

Glycerol agar: Small round pink colo- 
Dies, tending to be umbilicated and piled 
up, stiff white aerial spikes. 

Coon’s agar: Small round colorless 


colonies, stiff white aerial spikes; later a 
pink tinge. 

Potato agar: Minute colorless round 
colonies, small raised patches of white 
aerial mycelium. 

Dorset’s egg medium: Colorless con- 
•fluent growth studded with little wart¬ 
like projections bearing stiff aerial spikes; 
growth becomes pinkish with a white 
aerial mycelium; later, growth drab 
gray, medium discolored. 

^rum agar: Minute round colorless 
colonies with pinkish tinge in confluent 
raised patch. 

Inspissated serum: Small round pale 
pink colonies, umbilicated and raised up. 

Broth: Liberal growth, white floccu- 
lent colonies; later pink surface colonies. 

Synthetic sucrose solution: Colorless 
flocculent sediment, thin colorless 
pellicle. 

Milk: Surface growth, white aerial 
mycelium, solid coagulum; later partly 
peptonized with pink aerial mycelium. 

Litmus milk: Pink surface growth, 
aerial mycelium, milky opaque after 40 
days. 

Carrot plug: Small irregularly round 
raised colonies, colorless, covered with 
stiff aerial spikes; later buff-colored, con¬ 
voluted and ribbed growth with small 
patches of white aerial mycelium; aerial 
mycelium pink in two months. 

Source: From fatal case of lung disease 
and pericarditis in man. 

Habitat: Human infections so far as 
known. 

7. Nocardia caprae (Silberschmidt) 
cmb, nou, {Streptothriz caprae Silber¬ 
schmidt, Ann. Inst. Past., IS, 1899, 841; 
Cladothrix caprae Mac6, Trait6 Pratique 
de Bact., 4th ed., 1901,1094; Diacomycea 
caprae Gedoelst, Champ. Paras. Homme 
et Anim., 1902, 174; Ooapora caprae 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 813; Actinomycea caprae 
Ford, Textb. of Bact., 1927,205.) From 
Latin eapra, goat. 
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Description from Erikson (Med. lies. 
Council Spec. Kept. Ser. 203,1935,26). 

Initial cells only slightly enlarged; 
early development of aerial hyphae, 
while substratum threads are still short; 
frequent slipping of branches; aerial 
mycelium abundant on all media with 
tendency to form coherent spikes; my¬ 
celium not very pol 3 miorphou 8 , but 
occasioruil thicker segments appear. 
Slightly acid-fast. 

Gelatin: Extensive dull growth with 
small raised patches of pink aerial myce¬ 
lium; later ribbon-like, depressed. No 
liquefaction. 

Glucose agar: Irregular bright pink 
growth tending to be heaped up; later 
abundant masses frosted over with thin 
white aerial mycelium. 

Glycerol agnr: Abundant growth, small 
round pink colonies, partly covered with 
white aerial mycelium. 

Potato agar: Extensive thin growth, 
pink in raised patches, covered by white 
aerial mycelium; later aerial mycelium 
also becomes pink. 

Starch agar: Minute colorless colonies 
covered by white aerial mycelium. 

Blood agar: Minute round colorless 
colonies aggregated in broad pink zones, 
paler aerial mycelium. No hemolysis. 

Dorset’s egg medium: Few colorless 
colonics, some pink, white aerial myce¬ 
lium; later, growth becoming dull pink, 
irregular, with scant white aerial myce¬ 
lium. 

Ca-agar: Minute colorless colonies, 
white aerial mycelium; later a pinkish 
tinge. 

Serum agar: Small round pink colonies 
frosted over with thin white aerial my¬ 
celium. 

Inspissated serum: No growth. 

Broth : Superficial pellicle composed of 
pink colonics with white aerial mycelium; 
modenate floeenlent sediment. 

Glucose broth: Small sediment of fine 
fiocculi; later pellicle composed of small 
pink colonies; superficial skin entire and 
salmon-colored in Ifi days. 


Synthetic glycerol solution: Round 
pink disc-like colonies on surface and 
tenuous white wispy growth in suspension 
and sediment; after 20 days, surface 
colonies bearing white aerial mycelium 
e.xtending 2 cm up tube. 

Synthetic sucrose solution: Minute 
white colonies in suspension and sedi¬ 
ment in 3 days; thin dust-like pellicle 
in 10 days; some surface colonies with 
white aerial mycelium in 17 days. 

Milk: Red surface skin; solid coagulum. 

Litmus milk: Red surface growth, no 
change in liquid; after 4 weeks, liquid 
decolorized, opaque. 

Potato plug: Abundant growth, small 
colonies, mostly confluent, entirely cov¬ 
ered with pale pink aerial mycelium; 
growth becomes membranous, consider¬ 
ably buckled; later superficial colonies 
with pink aerial mycelium on liquid at 
base of tube, bottom growth of round 
white colonies. 

Starch not hydrolyzed. 

Source: From lesions in goats. 

8. Nocardia pretorlana Pij per and 
Pullingcr. (Pi j per and Pullinger, Jour. 
Trop. Med. Hyg., 50, 1927, 153; Actino^ 
myccs pretorianus Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4, 1934 , 38.) 
Named for Pretoria in South Africa. 

Description from Erikson. (Med. Res. 
Council Spec. Rept. Ser. 203, 1935, 
30). 

Minute flat colonies are formed con¬ 
sisting of angularly branched filaments, 
and bearing a few short straight aerial 
hyphae; later the growth becomes 
spreading and extensive, the slipping of 
the branches is well marked and the 
aerial hyphae are divided into cylindrical 
conidia. Slightly acid-fast. 

Gelatin: A few colorless flakes. No 
liquefaction. 

Glucose agar: Pale buff umbilicated and 
piled up colonies. 

Glycerol agar: Piled up pink mass, 
very scant white aerial mycelium at 
margin. 
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Ca-agar: Yellowish wrinkled coherent 
growth with white aerial mycelium on 
apices and at margin. 

Coon’s agar: Colorless mostly sub¬ 
merged growth, scant white aerial myce¬ 
lium. 

Dorset’s egg medium: A few round 
colorless colonies in 3 days; after 3 weeks, 
irregular raised pink mass, warted ap¬ 
pearance, moderate degree of liquefac¬ 
tion. 

Serum agar: liaised, convoluted, 
slightly pinkish growth. 

Inspissated serum: No growth. 

Broth: Moderate quantity of flakes 
and dust-like surface growth. 

Synthetic sucrose solution: A few 
colorless flakes on the surface, lessor 
bottom growth. 

Milk: Yellowish surface growth; solid 
coagulum in one month; later, partly 
digested, pale pink growth up tlie wall of 
the tube. 

Litmus milk: Colorless surface growth, 
liquid blue; becoming hydrolyzed and 
decolorized. 

Potato plug: Small raised pale pink 
colonies with white aerial mycelium; 
after 2 months, plug and liquid dis¬ 
colored, growth dull bufT, dry and con¬ 
voluted at base, round and zonate at top 
of slant, white aerial mycelium, surface 
and bottom growth on liquid. 

Source: From a ciise of Jiiycetoma of 
the chest wall in a South .Vfricau native. 

Habitat: Human infections so far as 
known. 

9. Nocardia pulmonalis (Burnett) 
comb, nov, {Actinomyces pulmonalis 
Burnett, Ann. Rept. N. Y. State Vet. 
Coll., 1909-1910, 167.) From Latin 

pulmo, lung. 

Gram-positive mycelium breaking up 
readily into oval-shaped coriidia. Acid- 
fast, especially in early stages of growth. 

Gelatin: Small, whitish, spherical 
colonics; (‘dges of coh)ny becoming chalky 
white; limited liquefaction. 


Agar: Moist, raised growth in the form 
of small, spherical colonies. 

Glucose agar: Dull, whitish, convo¬ 
luted growth. 

Broth: Delicate, translucent film on 
surface, becoming corrugated with some 
•whitish, spherical colonies in medium. 

Milk: Colonies on the surface of 
the medium; milk is coagulated in a few 
days, later digested. 

Potato: Lu.xuriant growth in the form 
of small, translucent, round colonies; 
becoming colored lemon-yellow; later, 
growth becomes convoluted or folded 
with chalky white aerial mycelium, color 
of plug brownish. 

Non-pathogenic for rabbits and guinea 
pigs. 

Aerobic. 

Source: From the lungs of a cow. 

Habitat: Bovine infections so far as 
known. 

10. Nocardia paraifinae (Jensen) comb, 
nov, (Proaciinomyces paraffinac Jensen, 
Proc. Linn. Soc. New So. Wales, 66^ 1931, 
362.) From M. L. paraffina, paraffine. 

In agar media, the organism initially 
forms an extensive mycelium of long, 
riclily-branching hyphae, 0.4 to 0.5 mi¬ 
cron thick. After o to 6 days, at room 
temperature, numerous end branches 
swell to about double thickness, become 
more refractive, exhibit fine incisions 
along their external contours, and divide 
into oval, spore-liko elements, 0.8 to 1.0 
by 1.2 to 1.5 microns. This process of di¬ 
vision starts at the tips of the swollen 
branches and i)rocecds basipctally until 
most of the hyplme appear divided. Pri¬ 
mary septa have not been seen in the 
hyphae. A similar process of division 
takes place in liquid media, where also 
the filaments often fall into fragments of 
variable length. The spore-like elements, 
but not the undivided filaments, are 
markedly acid-fiist. The aerial myce¬ 
lium consists of rather short, straight, 
not very much branched hypliae, 0.4 to 
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0.6 micron thick, which never show any 
differentiation into spores. 

Gelatin: No liquefaction. 

Sucrose agar: Very scant growth. 
Thin colorless veil, sometimes with a 
trace of white aerial mycelium. 

Glucose agar: Fair growth. Vegeta¬ 
tive mycelium flat, growing into me¬ 
dium; i^e ochre-yellow to orange, with 
raised outgrowths on the surface. 
Growth of a crumbly consistency. Scant, 
white, aerial mycelium. 

Nutrient agar: Slow but good growth. 
Vegetative mycelium superficial, some¬ 
what raised, ochre-yellow, hard, but with 
a loose, smeary surface. Aerial myce¬ 
lium scant, small white tufts. No pig¬ 
ment. 

Potato: Fair growth. Vegetative 
mycelium granulated, first pale-yellow, 
later deep ochre-yellow to orange. 
Scant, white, aerial mycelium. No pig¬ 
ment. 

Liquid media (milk, broth, synthetic 
solutions): Small, round granules of 
various yellow to orange colors, firm, 
but can be crushed into a homogeneous 
smear. In old broth cultures a thick, 
hard, orange to brownish surface pellicle 
is formed. 

Sucrose not inverted. 

Starch not hydrolyzed. 

Cellulose is not decomposed. 

Nitrates are not reduced to nitrites. 

Milk is not coagulated or digested. 

Final reaction in glucose NH4CI solu¬ 
tion, pH 4.6 to 4.4. 

All strains show a marked power of uti¬ 
lizing paraffin .wax as a source of energy. 

Source: Isolated from soil. 

Habitat: Soil. 

11. Nocardia minima (Jensen) comb, 
nov. (Proactinomycea minimua Jensen, 
Proc. Linnean Soc. New So. Wales, 66, 
1931, 365.) From Latin minimus, very 
small. 

Filaments and rods: 0.4 to 0.6 by 2 to 
10 microns. In older cultures mostly 
short rods, frequently V, Y, swollen 


forms, or cocci. Irregularly stained with 
ordinary dyes, generally show bars and 
bands. Generally a few cells from cul¬ 
tures are acid-fast, most are not acid- 
fast. Gram-positive. 

Gelatin stab: Filiform, granulated, 
cream-colored growth. No liquefaction. 

Agar: Slow growth, raised, folded, with 
finely myeloid margins. At first color¬ 
less, after 6 to 8 weeks flesh pink or coral 
pink. 

Potato: Growth slow, after 6 to 8 weeks 
abundant, spreading, much raised, finely 
wrinkled, coral pink. 

Paraffin is utilized. 

Optimum temperature 22® to 25®C. 

Distinctive characters: Closely re¬ 
sembles Nocardia corallina but differs 
in the much slower growth and the 
smaller size of the cells. 

Source: From soil in Australia. 

Habitat: Soil. 

12. Nocardia corallina (Bergey et al.) 
comb, nov. (Bacillus mycoides corallinus 
Hefferan, Cent. f. Bakt., II Abt., 11, 
1904, 469; Serratia corallina Bergey et 
al., Manual, Ist ed., 1923, 93;Streptothrix 
corallinus Reader, Jour. Path, and Bact., 
29, 1926, 1; Mycobacterium agreste Gray 
and Thornton, Cent. f. Bakt., II Abt., 
73, 1928, 84; Actinomyces agrestis Bergey 
et al., IVIanual, 3rd ed., 1930, 472; Pro- 
actinomyces agrestis Jensen, Proc. Lin¬ 
nean Soc. New So. Wales, 66, 1931, 345; 
Proactinomyces corallinus Jensen, ibid,, 
67, 1932, 364.) From Latin corallinus, 
coral red. 

Description from Gray and Thornton 
(loc. cit,), Jensen (loc, cit,) and Bynoe 
(Thesis, McGill University, Montreal, 
1931). 

Branching rods, generally curved, 1 to 
1.5 by 3 to 10 microns. In older cultures 
generally shorter rods and cocci. Non- 
motile. Not acid-fast. Gram-positive. 

Gelatin colonies: Round, convex, 
smooth, pink, shining, edge filamen¬ 
tous. Deep colonies: Burrs. 
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Qelatin stab: Nailhead; line of stab 
arborescent. No liquefaction. 

Agar colonies: Hound, convex, or um- 
bonate, smooth, pink, shining or matte; 
border lighter, edge filamentous or with 
arborescent projections. Deep colonies: 
Burrs, or lens-shaped, with arborescent 
projections. In their very early stages 
colonies consist of branching filamentous 
rods. As the colony grows, the cells in 
the interior break up into short rods and 
cocci which eventually form the mass of 
the colony. Cells on the outside remain 
filamentous, giving the colony a burr¬ 
like appearance, and often forming long 
arborescent processes. 

Agar slant: Filiform, convex, smooth, 
pink, shining or matte; arborescent or 
with projections from undulate border. 

Litmus milk: Alkaline. Reddish pel¬ 
licle. 

Glycerol potato: Filiform, raised, dry, 
wrinkled, yellowish-brown to coral red. 

Broth: Usually turbid. Pink scum. 

Dorset’s egg medium: Filiform, raised, 
dry, wrinkled, orange. 

Loeffler’s medium: Similar to growth 
on Dorset’s egg medium, but pink. 

Nitrites produced from nitrates. 

Acid'from glycerol and glucose with 
some strains. No acid or gas from su¬ 
crose, maltose or lactose. 

Phenol and m-cresol are utilized. 
Some strains utilize naphthalene. (Gray 
and Thornton.) Some strains utilize 
phenol or m-cresol (Jensen). 

Optimum pH 6.8 to 8.0. 

Optimum temperature 22° to 25°C. 

Distinctive characters: Soil organism 
forming Mycohacierium-\i]x.Q colonies after 
2 to 4 days on simple media. Pale pink 
chromogenesis. Nailhead growth in gela¬ 
tin stab. Branching rods and short 
filaments. 

Source: Seventy-four strains isolated 
from soils in Great Britain and Australia. 

Habitat: Soil. 

13. Nocardla globerula (Gray) comb, 
nov% {JdycobiicioTiutn globctulum Gray, 


Proc. Roy. Soc. London, B, KM, 1028^ 
265; Proaetimmyceo globenduo Reed, in 
htanual, 5th ed., 1939,838.) From Latin 
globtiSf a sphere. 

Description from Gray (foe. ctf.) and 
from Bynoe (Thesis, McGill University, 
•Montreal, 1931). 

Curved rods and filanients: 1 by 2 to 9 
microns, with many coccoid cells, es¬ 
pecially in old cultures. Rods and fila¬ 
ments are frequently irregularly swollen. 
Not acid-fast. Capsules may be present. 
Gram-positive. 

Gelatin: After 19 days surface colonies 
irregularly round, 1 to 2 mm in diameter, 
convex, light buff, smooth, shining; edge 
entire. Deep colonies: Round, with en¬ 
tire edge. 

Gelatin stab: After 8 days nailhead, 
irregularly round, convex, pinkish-white, 
smooth, shining; line of stab erose. 

Agar: After 4 days surface colonies ir¬ 
regularly round, 3 to 5 mm in diameter, 
convex, white, smooth, shining; edge un¬ 
dulate, erose. After 7 days, more con¬ 
vex and of a watery appearance. Deep 
colonies: After 4 days, lens-shaped. 

Agar slant: After 3 days, filiform, flat, 
watery; edge irregular. 

Nutrient and peptone broth: Turbid 
with yiscous suspension. 

Indole not formed. 

Litmus milk: Alkaline. 

Glycerol potato: After 24 hours, fili¬ 
form, moist, smooth, pale pink. 

Dorset’s egg medium: After 2 weeks, 
spreading, raised, moist, orange-colored. 

Loeffler’s medium: Growth (as on 
Dorset’s egg medium, but salmon-colored. 

Nitrites not produced from nitrates. 

No acid from glucose, lactose, maltose, 
sucrose or glycerol. 

Phenol is utilized. 

Indole agar: Blue crystals of indigotin 
formed. 

Optimum temperature 25° to 28°C. 

Optimum pH 6.8 to 7.6. 

Distinctive characters: This organism 
resembles most closely Nocardia 
corallina. It is distinguished by pro- 
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ducing a more ^*atery type of surface 
growth, more nearly entire deep colonies 
and more particularly by the production 
of indigotin from indol. 

Source: From soil in Great Britain. 

Habitat: Presumably soil. 

14. Nocardla ssilmonicolor (den Dooren 
de Jong) comb. nov. {Mycobacterium 
ealmumicolor den Dooren de Jong, Cent, 
f. Bakt., II Abt., 7f, 1927, 216; Flavo- 
bacterium salmonicolor Bergey et al., 
Manual, 3rd ed., 1930, 157; Proaciino- 
mycee soltnonfcolor Jensen, Proc. Linnean 
Soc. New So. Wales, 67, 1932, 368.) 
From Latin ealmo, salmon and color, 
color. 

Closely related to Notardia corallina. 

On glucose-asparagine-agar after 18 to 
24 hrs., long branching rods are formed, 
1.0 to 1.3 microns in thickness, with 
small refractive granules of aerial my¬ 
celium, sometimes stretching into quite 
long filaments; after 2 to 3 days small 
definite mycelia are present, and after 5 
to 6 days these have largely divided into 
short rods and cocci; the colonies have 
the same burr-like appearance as those 
of Nocardia corallina. Many cells at 
the edge of the colonies show, after 3 to 

4 days, club- or pear-shaped swellings, 
up to 2.5 to 3.0 microns in width; after 

5 to 6 days, many of these swollen cells 
are seen to germinate with the formation 
of two more slender sprouts. (Prskov, 
Investigations into the Morphology of 
the ray fungi. Copenhagen, 1923, 82, 
gives an almost identical picture of 
Streptothrix rubra; it is questionable, 
indeed, whether these two organisms 
are not really identical.) 

Gelatin: At 20® to 22®C, scant arbores¬ 
cent growth in stab; small wrinkled 
orange surface colony. No liquefaction. 

Glucose-asparagine-agar: Good growth, 
restricted, rather flat, edges lobate, sur¬ 
face warty, glistening, first pale oran^, 
later oohre-yellow; consistency orambly. 
After 6 to 6 weeks the growth is paler 


with many small round raised yellow 
secondary colonies. 

Glucose-nutrient agar: E.xcellent 
growth, spreading, fiat, dense, edges lo¬ 
bate, surface folded, glistening, yellow, 
gradually changing to deep orange-red. 

Nutrient broth: Fair growth; thin pel¬ 
licle and granular sediment, at first 
cream-colored, later red; broth clear at 
first, slightly turbid after 3 w'eeks. 

Milk: Good growth; pellicle of small 
cream-colored granules after 2 days, later 
a thick orange sediment. Not coagu¬ 
lated, but appears slightly cleared after 
5 weeks, the reaction betoming alkaline. 

Potato. Good growth, raised, TOrty, 
crumbly, glistening, at first buff, chang¬ 
ing to orange and finally to almost blood- 
rod. 

Indole not formed. 

Nitrites produced from nitrates. 

Nitrate, ammonium salts, asparagine 
and peptone are utilized almost equally 
well with glucose as source of carbon, 
although the growth is most rapid with 
peptone. 

Sucrose not inverted, although readily 
utilized with sodium nitrate as a source 
of nitrogen. 

Paraffin readily utilized as a soprce of 
carbon. 

Phenol not utilized. 

No acid from glucose or glycerol. 

Starch not hydrolyzed. 

No growth in oxygen-free atmosphere. 

Sourpe: Isolated from soil by means of 
an ethylamine enriched medium, at 37®C. 

Habitat: Probably soil. 

15. Nocardla rubropertlncta (Heffer- 
an) comb. nov. (Butterbacillus, Grass- 
bergpr, Mfinch. med. Wochnschr., 48,. 
1899, 343; Bacillus rubropertincius Hef- 
feran. Cent. f. Bakt., II Abt., 11, 1903, 
460; Serratia ruhropertinetus Bergey et 
al.. Manual, 1st ed., 1923, 96; Mycobac¬ 
terium rubropertinctum Ford, Textb. of 
Bact., 1927, 255; Proactinomyeee ru- 
hroperiincttts Reed, in Manual, 5th ed.. 
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1939) 835.) From Latin, colored very 
red. 

Bttttner (Arch. Hyg., 97, 1926, 17) 
regards Mycobacterium eoa as probably 
identical with Mycobacterium rubrum 
Sohngen (Cent. f. Bakt., II Abt., 37, 
1913, 599), Grassberger’s organism Hoc, 
cit.), Hormann and Morgenrot’s organ¬ 
ism (Hyg. Rundsch., 7, 1898, 229), and 
Weber's organism (Arb. a. d. k. Gesund- 
heitsamte, Berlin, 19, 1903). 

To this list Lehmann and Neumann 
(Bakt. Diag., 7 Aufl., 2, 1927, 764) also 
add the organism of Ascher (Ztschr. f. 
Hyg., SB, 1899, 329) and the butter 
bacillus of Aujeszky (Cent. f. Bakt., I 
Abt., Orig., SI, 1902, 132). 

Jensen (Proc. Linnean Soc. New So. 
Wales, 49, 1934,“ 32) regards the following 
organisms as probably identical: Bac¬ 
terium rubrum Migula (Syst. d. Bakt., 
2, 1900, 488) a preliminary description of 
which is given by Schneider (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 2, 1894, 213); 
probably this is also the organism re¬ 
ferred to by Haag (Cent. f. Bakt., II 
Abt., 71, 1927, 35) as Bacterium rubrum; 
and Mycobacterium rubrum Sohngen {loc, 
cit,). 

Description taken from Grassberger 
(foe. «7.),HeflFeran (loc, cit.) and Jensen 
(loc, cit,). 

Small rods: 0;3 to 0.9 by 1.5 to 3.0 
microns. Cells in 18 to 24 hour agar 
culture in beautiful angular arrangement, 
after 2 to 3 days nearly coccoid, 0.6 by 
0.8 micron. Tendency for branching on 
glycerol agar after 2 to 3 days, but branch¬ 
ing does not occur commonly though 
granules of aerial mycelium are sometimes 
seen (Jensen). Not acid-fast (Grass¬ 
berger). Acid-fast (Hefferan). Vari¬ 
able (Jensen). Non-motile. Gram- 
positive. 

Gelatin colonies: Irregular with crenate 
margin and folded surface. Coral red. 

Gelatin stab: Surface growth like the 
colonies. Growth in stab at first thin, 
then granular to arborescent with chro- 
mogenesis. No liquefaction. 


Agar colonies: Small, granular, be* 
coming pink to red depending on com¬ 
position of agar. 

Agar slant: Dry, lustreless (R) to 
glistening (S), pink to vermillion red. 

Broth: Faint uniform turbidity with 
salmon-pink pellicle (in scales) which is 
renewed on surface as it settles to form a 
red sediment (Hefieran, Jensen). 

Litmus milk: Thick, fragile, dull coral 
red surface scales and sediment. Un¬ 
changed (Hefferan) to alkaline and 
somewhat viscid after 3 to 4 weeks 
(Jensen). 

Potato: Slow but excellent intensive 
red growth becoming dull orange 
(Jensen). 

Nitrites not produced from nitrates; 
nitrates, ammonia and asparagine are al¬ 
most as good sources of nitrogen as pep¬ 
tone (Jensen). 

Benzine, petroleum, paraffin oil and 
paraffin are utilized as sources of energy 
(Sdhngen). No action on manganese 
dioxide (Sdhngen, Cent. f. Bakt., II 
Abt., 40 , 1914, 554). 

Optimum pH 6.8 to 7.2. Growth stops 
at pH 4.9. 

Temi)erature relations: Grow’s w'ell be¬ 
tween 20° and 37°C (Jensen). 

Aerobic to facultative anaerobe. 

Distinctive characters: Mycobacie- 
riam-like colonies w ith coral to vermillion 
red chromogenesis on asparagine agar, 
potato, gelatin and other media. Short 
rods, seldom forms filaments. Generally 
not acid-fast. 

Source. Six cultures isolated from but¬ 
ter (Grassberger). Several cultures iso¬ 
lated from soil in Holland (Sohngen) 
and Australia (Jensen). Two cultures 
as contaminants in tuberculin flasks 
(Hagan, Breed). 

Habitat: Probably widely distributed 
in soil. 

16. Nocardia rubra (Krassilnikov) 
comb. nov. (Proactinomycea ruber Kras¬ 
silnikov, Bull. Acad. Sci. U. S. S. R., No. 
1, 1938, 139.) From Latin ruber, r^. 



906 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Mycelium produced at first but soon 
breaks up into rods and cocci. The latter 
multiply by fission, cross-mil formation 
and budding. Cells are Gram-positive, 
weakly acid-fast. 

Gelatin; No liquefaction. 

Colonies smooth or folded and rough, 
shiny or dull, dark red color. Pigment 
belongs to the carotinoids, does not 
diffuse into the medium. 

Milk: No coagulation or peptonization. 

Sucrose not inverted. 

Starch not hydrolyzed. 

No growth on cellulose. 

Readily assimilates fats and imraffin, 
and, to a less extent, wax. 

Various strains of this organism may 
vary considerably from type. 

Habitat: Soil. 

17. Nocardia coeliaca (Gray and 
Thornton) comb, nov. (Mycobacterium 
coeliacum Gray and Thornton, Cent. f. 
Bakt., II Abt., 73, 1928, 88; Flavobacte- 
rium coeliacum Bergey et al.. Manual, 
3rd ed., 1930, 156; Froaciinomyces co- 
eliacus Reed, in Manual, 5th ed., 1939, 
836.) 

Description from Gray and Thornton 
{loc, cit.) and from Jensen (Proc. Lin- 
nean Soc. New So. Wales, 66, 1931, 201). 

Short, curved, uneven-sided rods; 0.8 
by 5 microns with occasional ^laments up 
to 10 to 12 microns long, frequently 
beaded, occasionally swollen or branched. 
Coccoid forms 0.8 to 1.2 microns in di¬ 
ameter are common, especially in older 
cultures. Stain readily. Not acid-fast 
or occasionally slightly acid-fast. Gram- 
positive. 

Gelatin colonies: After 12 days, irregu¬ 
lar, raised, white, rugose, dull, edge en¬ 
tire. Deep colonies: Irregular, smooth or 
slightly broken. 

Gelatin stab: Convoluted, buff-white 
to yellowish, dull; below surface the 
growth forms many irregular hollow lobes, 
giving a glistening appearance, to a depth 
of 3 to 4 mm. 

Agar colonies: After 11 days, less than 


1 mm in diameter, round or irregular, 
raised, white, resinous, edge irregular, 
burred. Deep colonies: Irregularly 
round or oval, edge slightly broken. 

Agar slant: Filiform, convex, w’hite, 
rugose, resinous, edge undulate. 

Broth: Turbid. 

Litmus milk: Slightly alkaline after 5 
to 7 days. 

Glycerol potato: After 2 days, dry, 
crumpled, orange, becoming brown after 
about 10 days. 

Dorset’s egg medium: Raised, smooth, 
moist, verrucose, buff-colored. 

Loeffler’s medium: After 10 days, 
slight growth, dry, granular, pale buff- 
colored. 

Nitrites are not produced from nitrates. 

No acid from glucose, lactose, sucrose 
or glycerol. 

Phenol is utilized. 

Optimum pH 7.6 to 8.0. 

Optimum temperature 22® to 25®C. 

Distinctive characters: Differs from 
the previously described members of the 
genus in the absence of chromogenesis. 
Forms hollow lobes in deep gelatin cul¬ 
tures. Cells are rods, seldom filaments. 

Source: From soil in Great Britain and 
Australia. 

Habitat: Presumably soil. 

18. Nocardia transvalensls Pijper and 
Pullinger. (Pijper and Pullinger, Jour. 
Trop. Med. Hyg., SO, 1927, 153; Ac¬ 
tinomyces transvalensis Nannizzi, in 
Pollacci, Tratt. Micopat. Umana, 4, 
1934, 46.) Namecl for the Transvaal, a 
state of South Africa. 

Description from Eiikson (Med. Res. 
Council Spec. Rept. Ser. 203, 1935, 
28). 

Initial mycelium unicellular, but with 
the central branch frequently broader 
and showing dense granular retractile 
contents, small colonies quickly covered 
with aerial mycelium, the straight aerial 
hyphae in some cases becoming clustered 
into irregular spikes, colorless drops are 
exuded and a pink coloration produced in 
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the densest part of the growth on syn¬ 
thetic glycerol agar. Angular branching 
with division of the substratum filaments 
can be seen, the aerial hyphae also being 
irregularly segmented. Acid-fast. 

Gelatin: Poor growth, a few irregular 
colorless flakes. No liquefaction. 

Agar: No growth. 

Glucose agar: Raised, granular, pink 
colonies with white aerial mycelium. 

Glycerol agar; Small pink coiled masses 
with thin white aerial mycelium. 

Potato agar: No growth. 

Coon’s agar: Colorless growth with 
liberal white aerial mycelium. 

Dorset’s egg medium: Small irregularly 
raised and coiled dull pink mass. 

Serum agar: Very poor growth. 

Inspissated serum: Scant colorless 
flaky growth ; later a minute tuft of pale 
pink aerial mycelium. 

Broth: Moderate flaky growth. 

Synthetic sucrose solution: Poor 
growth, a few flakes on surface, a few 
at bottom. 

Potato plug: Dry, raised, convoluted, 
pink growth with white aerial mycelium 
in one month; dull, pink, brittle surface 
colonies, with paler aerial mycelium 
floating coherently on liquid at base in 2 
months. 

Milk: No change. 

Starch not hydrolyzed. 

Source: From a case of mycetoma of the 
foot in South Africa. 

Habitat: Human infections so far as 

known. 

19. Nocardia mesenterlca (Orla-Jen- 
sen) comb. nov. (Microbacterium mesen- 
tericum Orla-Jensen, The Lactic Acid 
Bacteria, 1919,181; Proactinomyces mes- 
enterietts Jensen, Proc. Linnean Soc. 
New So. Wales, 57, 1932, 373.) From 
Greek mesenterium, mesentery. 

Extensive mycelium composed of 
richly branching hyphae of a somewhat 
variable thickness, 0.4 to 0.8 imeron; no 
aerial hyphae are seen. With increasing 
age the hyphae divide into fragments of 


varying size and shape, partly diphthe¬ 
roid rods, but no real cocci. There is, 
particularly in richer media, a tendency 
to form large, swollen, fusiform to almost 
spherical cells, up to 3.5 microns in 
diameter. These may stain intensely 
with carbol fuchsin; when transferred to 
fresh media, they germinate and produce 
a new mycelium. 

Gelatin: Good growth; finely arbores¬ 
cent, cream-colored gro\vth in the stab; 
raised, folded, pale-yellow, surface 
colony. No liquefaction. 

Glucose-asparagine-agar: Fair growth, 
narrow, raised, granular, very pale yel¬ 
low, glistening; condensation water clear, 
with small granules. At 30®C only scant 
growth consisting of small irregular white 
granules, growing deeply down into the 
agar. 

Glucose-nutrient-agar: Good growth, 
restricted, with undulate edges, surface 
with high transverse folds, cream- 
colored ; the consistency is firm and car¬ 
tilaginous after 2 days, later looser and 
more brittle. Growth at 28® to 30®C 
rather scant; smooth, soft, glistening, 
cream-colored smear. 

Sabouraud’s agar: Excellent growth, 
spreading, at first flat and smooth, pale 
straw-yellow, perfectly hard and car¬ 
tilaginous, later raised and strongly 
folded, of a loose, curd-like consistency, 
bright lemon-yellow. Growth at 28® to 
30®C only fair, restricted, folded, cream- 
colored, soon becoming soft and smeary. 

Potato: Scant growth; restricted, soft, 
cream-colored smear. 

Broth: Good growth; voluminous, 
flaky, whitish sediment; broth clear. 

Milk: At 28® to 30®C, small cream- 
colored granules along the tube; the milk 
undergoes no visible changes wdthin 4 
weeks. No proteolytic action. 

Indole not formed. 

Sucrose is inverted. 

Starch is hydrolyzed. 

Cellulose is not decomposed. 

Nitrates are reduced to nitrites. 

No growth in oxygen-free atmosi^ere. 
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Nitrogen is utilized as sodium nitrate, 
ammonium phosphate and asparagine, 
although these are inferior to peptone as 
sources of nitrogen. 

Source: Fermented beets. 

20. Nocardia flava (Ivrassilnikov) 
comb. 7iov, (Proactinomyces flavus Kras- 
silnikov, Bull. Acad. Sci. U. 8. 8. 11., 
No. 1, 1938, 139.) From Latin flavus, 
yellow. 

Cells at first filamentous, 0.7 to 0.8 
micron in diameter; after 2 to 3 days 
broken into long rods and then into 
cocci 0.7 micron in diameter. No siwres, 
some strains form chlamydospores. Cell 
multiplication by fission, cross-wall for¬ 
mation, rarely by budding. Cells 
Gram-positive; not acid-fast. 

Gelatin: No liquefaction. 

Synthetic agar colonies: Bright yellow 
or gold color. 

Meat peptone media: Dirty yellow 
pigmentation. 

Agar colonies: Pigment bright yellow 
or gold color on synthetic media, dirty 
yellow on meat peptone me<lia. IMgmont 
not soluble in medium. Surface of 
colony somewhat shiny or rough and 
folded, of a dough-like consistency. 

Milk: No peptonization or coagulation. 

Sucrose weakly inverted. 

Starch is hydrolyzed. 

Does not grow on paraffin and wax but 
makes weak growth on fat. 

Habitat: Soil, not common. 

21. Nocardia viridis (Krassilnikov) 
comb, nov. (Proactinomycea viridis 
Krassilnikov, Bull. Acad. Sci. U. S. S. R., 
No. 1, 1938, 139). From Latin viridis^ 
green. 

Mycelial cells often branching, 0.7 to 
0.8 micron in diameter with cross-wall; 
after 5 to 7 days the cells break up into 
rods 5 to 15 microns long. Cocci not 
observed. Cells multiply by fission, 
seldom by budding. Spores not formed. 
Cells Gram-positive, not acid-fast. 

Gelatin: No liquefaction. 


Colonics colored dark green. Pigment 
not soluble in medium, in water or in 
organic solvents. Surface of colony 
somewhat shiny. On potato, rough, 
much folded, broken up into small col¬ 
onies. 

Milk: No |)eptonizat]on or coagulation. 

Sucrose readily inverted. 

Starch weakly hydrolyzed. 

Grows well on fats and paraffin and 
less on wax. 

Habitat: Soil. 

22. Nocardia cltrea (Krassilnikov) 
comb. 710V. (Proactinomycea citrcua 
Krassilnikov, Bull. Acad. Sci. U. S. 8. R., 
No. 1, 1938, 139.) From M. L, citreusy 
lemon yellow. 

Mycelium in young cultures consists 
of very fine threads 0.3 to 0.5 micron in 
diameter. After several days the cells 
break up into short rods 0.5 by 1.5 to 5 
microns and into cocci 0.3 to 0.5 micron 
in diameter. Multiplies by fission and 
bud formation; spores not formed. Cells 
not acid-fast. 

Gelatin: Liquefaction. 

Colonies: ^’ellow-green, usually rough 
and folded. 

Milk: Coagulation and peptonization. 

Sucrose is inverted. 

Starch is hydrolyzed. 

Weak growth on fat. No growth on 
paraffin or wax. 

Habitat: Soil and water. 

23. Nocardia madurae (Vincent) 

Blanchard. (Streptothrix madurae Vin¬ 
cent, Ann. Inst. Past., 8, 1894, 129; 
Blanchard, Bouchard’s Trait6 de Path. 
G6n., 1896, 868; Ooapora madurae 

Ijchmann and Neumann, Bakt. Diag., 
1 Aufi., 2y 1896,388; Aciinomycea madurae 
Laebner-Sandoval, Ueber Strahlenpilze, 
1898, 64; Cladothrix madurae Mac4, 
Traitd Pratique de Bact., 4th ed., 1901, 
1090; Diacomycea madurae Gedoelst, 
Champ. Paras. Homme et Animaux, 
Paris. 1002.169.) N>med for the disease 
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Madura foot, with which this organism 
is associated. 

Ooajfora indica Kanthack (Kanthack, 
Jour. Path, and Bact., 1893, 140; No^ 
cardia indica Chalmers and Christo- 
pherson, Ann. Trop. Med. and Parasit., 
10, 1916, 231; Discotnyces indicus Neveu- 
Ijemaire, Pr6cis de Parasitol. Hum., 
5th ed., 1921, 42; Actinomyces indicus 
Brumpt, Precis de Parasitol., Paris, 
4th ed., 1927, 1196) is regarded by some 
authors as identical with Nocardia 
madurae Blanchard. If this is estab¬ 
lished, then the correct name of the 
organism is Nocardia indica (Kanthack) 
Chalmers and Christopherson 

The species described under the name 
Actinomyces madurae in previous editions 
of Bergey’s Manual is definitely not the 
true causative agent of the disease and is 
probably a contaminant carried as a cul¬ 
ture of this species. 

Morphology in tissues, growth in form 
of granules consisting of radiating 
actinomycosis. In cultures, initial 
branched mycelium fragmenting into 
rod-shaped and coccoid bodies. No 
aerial mycelium or spores. Not acid- 
fast. 

Gelatin: Growth scant, whitish; no 
liquefaction. 

Gelatin colonies : Round, glistening, at 
first white, then buff to rose or crimson. 
Pigment production is irregular and un¬ 
predictable. Occasionally red soluble 
pigment is produced. Growth eventu¬ 
ally wrinkled. No aerial mycelium. 

Potato: Wrinkled friable growth; buff- 
colored, sometimes red. 

Broth: Grow’th as a floccular sediment. 

Milk: No change, or slight slow pep¬ 
tonization. 

Diastatic (?) action. 

Not pathogenic for the usual laboratory 
animals; pathogenic for monkeys (Mus- 
grave and Clegg, Philippine Jour. Sci., 
Ser. B., Med. Sci., S, 1908, 470). 

Habitat: Cause of some cases of Madura 
foot. 


24. Nocardia lutea Christopherson and 
Archibald. (Christopherson and Archi¬ 
bald, Lancet, 1918, 847; Actinomyces 
luteus Brumpt, Precis de Parasitol., 
Paris, 4th ed., 1927, 1206.) From Latin 
luteus, yellow. 

Description from Erikson (Med. Res. 
Council Spec. Kept. Ser. 203, 1936, 30). 

Initial elements swollen and seg¬ 
mented, giving rise to irregular spreading 
polymorphous colonies composed of cells 
of all shapes and sizes with markedly 
granular contents. Later more mono¬ 
morphous, the filaments being arranged 
in angular apposition. Sometimes (e.g., 
on synthetic glycerol agar) the segments 
are so granular as to appear banded. On 
potato agar, small filamentous colonies 
are formed with irregular angular branch¬ 
ing and bear a few isolated short straight 
aerial hyphae. 

Gelatin: Pale pink wrinkled growth on 
wall of tube and colorless punctiform and 
stellate colonies in medium; no liquefac¬ 
tion. 

Agar: Abundant, coherent, moist, pink 
membranous growth with round discrete 
colonies at margin; after 3 weeks colorless 
fringed margin, round confluent portion. 

Glucose agar: Scant reddish smeary 
growth. 

Glycerol agar: Yellowish-pink, 

wrinkled membrane. 

Potato agar: Coherent pink moist 
growth, centrally embedded with small 
round discrete colonies at maigin. 

Dorset’s egg medium: Poor growth, 
dull pink, spreading. 

Serum agar; Confluent granular pink 
membrane. 

Broth: Pink flakes and surface growth. 

Inspissated serum: Raised convoluted 
pink mass; becoming orange, much 
wrinkled, scalloped margin. 

Synthetic sucrose solution: Red 
granules and abundant minute colorless 
colonies at bottom; in 2 weeks a colorless 
dust-like surface pellicle. 

Glucose broth: Abundant, pinkish 
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flaky surface growth, breaking up easily 
and sinking to bottom. 

Litmus milk: Orange-red surface and 
bottom growth, liquid blue. 

Potato plug: Carrot-red, moist, thick, 
granular growth in bands, partly raised 
and with discrete round colonies; sparse 
colorless very thin aerial mycelium at 
top of slant in 2 months. 

Source: From actinomycosis of the 
lachrymal gland. 

25. Nocardia blackwellil (Erikson) 
comb. nov. (Actinomyces blackwellii Erik¬ 
son, Med. Res. Counc. Spec. Reptt Ser. 
203, 1935, 37.) 

Description from Erikson (loc. cit., 
p.32). 

Initial elements short, rod-like, grow¬ 
ing out into longer forms sparsely branch¬ 
ing; small radiating colonies are produced 
with short straight aerial mycelium, 
frequently large round or ovoid cells are 
interposed in the irregularly segmented 
chains of cells, being sometimes isolated 
in company with 2 or 3 short filaments 
and sometimes terminal. 

Gelatin: Few colorless minute colonies 
along line of inoculation; after 30 days 
abundant colorless colonies to 10 mm be¬ 
low surface, larger pink-yellow surface 
colonies with white aerial mycelium; no 
liquefaction. 

Agar: Confluent wrinkled growth with 
small, round, pinkish, discrete colonies 
at margin. 

Glucose agar: Abundant, pale pink 
growth, small conical colonies, piled up, 
convoluted. 

Glycerol agar: Extensive, granular, ir¬ 
regular, thin, pinkish growth; after 40 
days, a few discrete colonics with de¬ 
pressed margins, center piled up, pink. 

Serum agar; Smooth, cream, umbili- 
cated colonies, with submerged growth 
extending into medium in scallops 5 to 8 
mm deep; a pale pink mass in 2 weeks. 

; Potato agar: Small, round, colorless 
colonies covered with white aerial my¬ 
celium; after 2 w'ceks colonies dull pink, 


submerged margins, few aerial spikes, 
moderate aerial mycelium at top of 
slant. 

Broth: Flakes, later innumerable 
minute colonies, some adhering to wall 
just above liquid level. 

Synthetic sucrose solution: Delicate, 
round, w'hite colonies; later abundant 
minute colonies in suspension, thick 
cream pellicle on surface and pink 
grains in sediment. 

Milk:’ Heavy convoluted bright yellow 
surface pellicle, no coagulation. 

Litmus milk: Yellow surface growth, 
milky sediment, liquid unchanged. 

Carrot plug: Small, round, smooth, 
cream-colored elevated colonies in 10 
days; sparse stiff colorless aerial spikes 
in 16 days; abundantly piled up, con¬ 
voluted, ochreous growth in 25 days. 

Source: From hock joint of foal. 

26. Nocardia cuniculi Snijdcrs. 
(Snijders, Geneesk. Tijdsch. Med. Ind., 
64i 1924, 47 and 75; Actmomyces cuniculi 
Erikson, Med. Res. Council Spec. Rept. 
Ser. 203, 1935, 32; not Actinomyces 
cuniculi Gasperini, Cent. f. Bakt., 16, 
1894, 684; Actinomyces sumatrae Erikson, 
loc. cit.f 32.) From Latin cuniculus, 
rabbit. 

Description taken from Erikson (loc. 
cit., p. 31). 

Large swollen cells give rise to ramify¬ 
ing filaments or to small chains of short 
thick segments which branch out into 
more regular hyphae; sometimes the ir¬ 
regular elements are beset with spiny 
processes before giving rise to typical 
long branching filaments; later the pic¬ 
ture becomes more monomorphous and 
short straight aerial hyphae are borne, 
which presently exhibit irregular seg¬ 
mentation. 

Gelatin: Few flakes. No liquefaction. 

Agar: Small, round, elevated, cream- 
colored colonies, umbilicated and radially 
wrinkled. 

Glucose agar: Minute, colorless colon- 
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ies; becoming dull pink, partly confluent 
and piled up, few stiff pink aerial spikes. 

Glycerol agar: Small round elevated 
cream-colored colonies, margins de¬ 
pressed; becoming smooth, discrete, 
yellowish. 

Dorset’s egg medium: Scant pinkish 
smeary growth. 

Serum agar: Small, raised, cream- 
colored colonies, becoming confluent and 
piled up. 

Inspissated serum: Thick, colorless, 
ribbed membrane; no liquefaction. 

Broth: Small and larger cream-colored, 
scale-like surface colonies, abundant, 
flocculent bottom growth. 

Synthetic sucrose solution; Thin sur¬ 
face pellicle, small colorless flakes, 
minute particles at bottom, scant growth. 

Milk: Heavy yellow growth attached to 
walls; solid coagulum in 1 month. 

Litmus milk: Yellow surface growth, 
liquid unchanged. 

Potato plug: Coral-pink, dry, granular 
growth, covered to a considerable extent 
with white aerial mycelium, piled up in 
center, discrete colonies at margin, pink 
surface pellicle on liquid and colorless 
colonies at base. 

Source: Infected rabbits. 

27. Nocardia rangoonensis (Erikson) 
comb. nov. {AcivnomyccB rangoon Erik¬ 
son, Med. Rea. Council Spec. Kept. Ser. 
203, 1935, 37.) 

Description from Erikson (foe. cii.y 
p. 33). 

Swollen round initial cells, giving rise 
to branching hyphae which segment and 
present slipping and angular arrange¬ 
ment ; few short straight aerial hyphae, 
which later develop into a profusely 
branching long waving aerial mycelium. 
Non-acid-fast. 

Gelatin: Abundant minute colonies in 
depths and larger cream-colored ones on 
surface with white aerial mycelium; 
brown pigment surrounding growth. No 
liquefaction. 

Agar colonies: Round, lobate, umbili- 


Gated, raised up, cream-colored to pale 
pink; later, medium discolored dark 
brown, colonies colorless. 

Glucose agar: Convoluted, coherent, 
cream-colored growth, medium dis¬ 
colored. After 23 days, wrinkled, bis- 
cuit-colored growth, colorless margin, 
border white aerial mycelium, medium 
dark brown. 

Glycerol agar: Dull, mealy, pink, 
wrinkled growth, scant white aerial myce¬ 
lium at top, medium slightly discolored, 

Coon’s agar: Minute colorless colonies 
in streaks. 

Potato agar: Small, round, lemon- 
colored colonies, partly confluent, with 
white aerial mycelium; later medium dis¬ 
colored light brown; submerged growth 
greenish. 

Dorset’s egg medium: Extensive color¬ 
less growth, pale pink aerial mycelium in 
center; later covered with a powdery 
pinkish-white aerial mycelium. 

Serum agar colonies: Irregular, small, 
elevated, cream-colored, frequently um- 
bilicated. 

Inspissated serum: Poor growth, small 
piled up pink mass. 

Broth: Abundant colorless growth, 
flocculent mass at bottom and pellicle 
at surface, medium slightly discolored. 

Synthetic sucrose solution: Small white 
colonies with pinkish tinge on surface, 
lesser bottom growth. 

Milk; Coagulation, yellow surface ring, 
becoming partly peptonized, liquid dis¬ 
colored dark brown, brownish growth up 
side of tube. 

Litmus milk: Colorless growth, liquid 
partly decolorized; coagulation; later 
partly digested. 

Carrot plug: Small round colorless 
colonies, velvety white aerial mycelium; 
in 2 months, piled up pink granular mass 
with warted prominences, marginal zone 
white aerial mycelium and thin all-over 
central aerial mycelium. 

Source: Human pulmonary case of 
streptothricosis. 
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Habitat: Human infections so far as 
known, 

28. Nocardia caviae Snijdcrs. 
(Snidjers, Genecsk. Tijdschr. Ned. Ind., 
64, 1924, 47 and 76; Actinomyces caviae 
Erikson, Med. Res. Council Spec. Rept. 
Ser. 203, 1935, 37.) From the generic 
name of the guinea pig. 

Description from Erikson (loc. cit., 
p.32). 

Initial segmentation, producing ele¬ 
ments of approximately even thickness 
arranged in angular apposition, and later 
long profusely ramifying threads with 
strongly refractile protoplasm. Aerial 
mycelium straight and branching, the 
aerial hyphae with occasional coiled tips 
divided into cylindrical conidia. 

Gelatin: A few colorless hakes. No 
liquefaction. 

Glucose agar: Piled up, convoluted, 
cream-colorcd to pale pink growth, white 
aerial mycelium. 

Glycerol agar: Scanty growth. 

Coon’s agar: Colorless scant growth, 
partly submeiged, white aerial mycelium. 

Potato agar: Colorless spreading growth 
with dense white aerial mycelium. 

Dorset’s egg medium: Heavily corru¬ 
gated pale pink growth with submerged 
margin, dense white aerial mycelium in 
center; after 3 weeks, colorless transpired 
drops. 

Serum agar: Pale pink wrinkled 
growth, partly submerged; after 4 weeks, 
piled up with scant white aerial myce¬ 
lium, medium discolored reddish-brown. 

Inspissated serum: Pale pink raised 
growth, coiled, white aerial mycelium. 

Broth: Cream-colored wrinkled surface 
pellicle extending up wall and breaking 
easily, moderate bottom growth, flaky, 
medium discolored. 

Synthetic sucrose solution: Round 
white colonies in suspension and attached 
to one side of tube, pink surface colonies 
with white aerial mycelium. 

Milk: Colorless surface growth, white 
aerial mycelium; coagulation. 


Litmus milk: Liquid blue, surface 
growth; after 1 month, white aerial my¬ 
celium, colorless sediment, liquid still 
blue. 

Potato plug: Small colorless colonies, 
white powdery aerial mycelium; later 
abundant raised pale pink confluent 
growth, discolored plug; after 2 months, 
raised buckled pink colonics with white 
aerial mycelium floating on liquid at base. 

Source; Infected guinea pigs, Sumatra. 

29. Nocardia actinomorpha (Gray and 
Thornton) comb. nor. {Mycobacterium 
actirumorphum Gray and Thornton, Cent, 
f. Bakt., II Abt., 73, 1928, 88; Actino- 
rnyces actinomorphus Bergey et al., 
Manual, 3rd ed., 1930, 471; Proactino- 
myces actinomorphus Jensen, Proc. Lin- 
nean Soc. New So. Wales, 33, 1931, 363.) 
From Greek actis, ray and Latin morpha, 
shape, form. 

Description from Gray and Thornton 
Hoc. ciL), Jensen {loc. cit.)y and Bynoe 
(Thesis, McGill University, Montreal, 
1931). 

Ijong branching filaments and rods: 0.5 
to 0.8 by up to 10 microns. In older cul¬ 
tures rods 2 to 3 microns long generally 
predominate. On some media exten- 
tively branching hyphae occur. Readily 
stained. Not acid-fast. Gram-positive. 

Gelatin colonics: After 12 days, round, 
saucer-like, white, raised rim, edges 
burred. Liquefaction. Deep colonies: 
Burrs. 

Gelatin stab: After 8 to 14 days, sac¬ 
cate liquefaction, 5 to 8 mm. 

Agar colonies: After 11 days, round, 1 
mm in diameter, convex, white, granular 
or resinous; long arborescent processes 
from the edge. Deep colonies: Arbores¬ 
cent burrs; processes about equal to 
diameter of colony. 

Agar slant: Filiform, raised to convex, 
white, rugose, dull; edge undulate, with 
strong tufted projections below surface. 

Broth: Turbid, or clear with white 
scum. 
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Donet’B egg medium: After 2 weeks, 
raised, dry, smooth, salmon-buff growth. 

Loeffler’s medium: After 2 days, 
smooth, moist, warty, salmon-colored 
growth. 

Litmus milk: Alkaline after 5 to 7 days. 

Glycerol potato: After 2 days, dry, 
wrinkled, pink to orange growth. 

Nitrites are produced from nitrates. 

No acid from glucose, lactose, sucrose 
or glycerol. 

Phenol and naphthalene are utilized. 

Optimum temperature 25^ to 30^C. 

Optimum pH 7.8 to 8.5. 

Distinctive characters: Differs from 
Nocardia coeliaca in saccate liquefaction 
of gelatin. Long rods and filiunents. 

Source: A few strains have been iso¬ 
lated from soil in Great Britain and 
Australia. 

Habitat: Presumably soil. 

30. Nocardia flavescens (Jensen) 
comb. nov. (Proactinomyee$ fiaveaeem 
Jensen, Proc. Linnean Soc. New So. 
Wales, Jd, 1931, 361.) From Latin 
flaveacena, becoming golden yellow. 

On media where a firm growth is pro¬ 
duced, the vegetative mycelium appears 
as long, branched, non-septate hyphae, 
0.4 to 0.6 micron thick. In other media, 
as on nutrient agar and potato, septa are 
formed and the mycelium appears in 
preparations as fragments of very vari¬ 
able size, partly resembling highly 
branched mycotecteria. In several 
cases—^for instance, on< nutrient agar at 
28* to 30®C, in 5 to 6 weeks old cultures in 
glucose broth, and in glucose NH4 Cl 
solution—short elements assume swollen, 
fusiform to lemon-shaped forms. The 
aerial mycelium consists of fairly long 
hyphae of the same thickness as the 
vegetative hyphae, not very much 
branched, without spirals, often dining 
together in wisps. A differentiation 
into spores is never visible by direct 
microscopic examination. Neither is 
this the case in stained preparations; 
here the aerial hyphae break up into 


fragments of quite variable length, ftem 
1.2 to 1.6 up to 10 to 12 microns, showing 
an irregular, granulated staining. 

Gelatin: Slow liquefaction. 

Sucrose agar: Good growth. Vegeta¬ 
tive mycelium superficially spreading, 
much raised and wrinkled, cracking, 
white to cream-oolored, of a dry, but loose 
and crumbly, consistency. Aerial my¬ 
celium scant, thin, white. Faint yellow 
soluble pigment after 2 to 3 weeks. 

Glucose agar: Good growth. Vegeta¬ 
tive mycelium superficial, wrinkled, 
honey-yellow, of a hard and cartilagin¬ 
ous consistency. Aerial mycelium thin, 
smooth, white. Yellow soluble pigment. 

Nutrient agar: Good growth. Vegeta¬ 
tive mycelium raised and much wrinkled, 
first ^rty cream-colored, later dark 
yellowish-gray, of a soft, moist, curd-like 
consistency. No aerial mycelium. No 
pigment. 

Potato: Good to excellent growth. 
Vegetative mycelium much raised and 
wrinkled, first cream-colored, later yel¬ 
lowish-brown, soft and smeary. No 
aerial mycelium, no pigment. 

Glucose broth: Rather scant growth. 
Granulated, yellowish sediment; no sur¬ 
face growth. Broth'dear. No pigment. 
No acidity. 

Sucrose is inverted. 

Starch is hydrolyzed. 

Cellulose is not decomposed. 

Nitrates are reduced slightly or not at 
all with various sources of energy. 

Milk: Coagulated and slowly redis¬ 
solved with acid reaction. 

Final reaction in glucose-NILCl solu¬ 
tion, pH 3.9 to 3.6. 

No growth under anaerobic conditions. 

Habitat: Soil. 

31. Nocardia maculata (Millard and 
Burr) comb, nov. {Aetinomyeaa macata* 
tua Millard and Burr, Ann. Appl. Biol., 
15, 1926, 580; ProacHnomyeaa tnaculaiua 
Umbreit, Jour. Bact., 55, 1939, 84.) 
From Latin fnactdatua, spotted. 

Description taken from Umbreit. 
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Filamentous oi^nisms possessing a 
tough s&iny colony which is cartilagin¬ 
ous, rarely producing an aerial mycelium, 
though in certain strains, it may occur 
frequently. Retains the mycelium form 
for long periods. Not acid-fast. 

Gelatin: Liquefaction. 

In the young colony an orange-yellow 
to orange-red intercellular pigment is 
produced on all media, which may or 
may not change to black as the culture 

Milk: No digestion. 

Starch is hydrolyzed. 

Does not utilize ])araffin. 

Habitat: Soil. 

32. Nocardia rhodnii (Erikson) comb, 
nov, (Actinomyces rhodnii Erikson, 
Med. Res. Council Spec. Rept. Ser. 
203, 1935, 37.) Named for the insect 
genus, Rhodnius. 

Description fnmi Erikson (loc, cii,, 
p. 29). 

In early stages, the minute (*olonics arc 
composed of hyphal segments arranged in 
angular apposition; the aerial mycelium 
being short and straight. Later the 
growth l)ccomcs extensive and spreading, 
made up fjartly of long, genuinely branch¬ 
ing filaments and partly of short segments 
exhibiting slipping branching, each giving 
rise to aerial hyphae. After 2 weeks the 
angular branching is very marked, deli¬ 
cate spreading herring-bone patterns 
being formed. 

Gelatin; Rapid liquefaction; pale pink 
colonies in superficial pellicle and sedi¬ 
ment. 

Coon’s agar: Colorless pinpoint 
colonies. 

Czapek’s agar'.Minute, colorless, round 
colonies. 

Glucose agar: Abundant, coral pink, 
convoluted, piled up growth. 

Glycerol agar: Extensive growth, dull 
innk colonies round and umbilicated, be¬ 
coming piled up and deeper coral; later 
partly submerged. 


Dorset’s egg medium: Salmon-pink, 
granular membrane; later piled up. 

Serum agar: Extensive, reddish, con¬ 
fluent mass, granular, tending to be piled 
up; the medium around the growth shows 
reddish coloration in 2 weeks. 

Inspissated serum: Smooth, round, 
pale pink colonics, centrally depressed 
and irregularly coiled larger mass; no 
liquefaction. 

Bniith: Salmon-pink flakes in sediment 
and colonies on surface; after 2 weeks 
abundant growth, discoloration of me¬ 
dium. 

Glucose broth: Thin, pink, superficial 
|)ellicle, easily breaking up, and small 
flakes in sediment; after 2 weeks abun¬ 
dant growth extending up tube. 

Synthetic sucrose solution: Colorless 
to pink colonies in superficial pellicle, 
and minute round white colonies co¬ 
herent in loosely branching moss in 
sediment. 

Milk: Bright orange growth; medium 
unchanged. 

Potato agar: Abundant, pink.growth, 
piled up, scant stiff white aerial myce¬ 
lium at top of slant. 

Source: From reduvid bug, Rhodnius 
prolixus. 

33. Nocardia gardneri (Waksman) 
comb. nov. (Actinomycete, Gardner and 
Chain, Brit. Jour. Exp. Path., 1942, 
123; Proactinomyces gardneri Waksman, 
in Waksman, Horning, Welsch and Wood¬ 
ruff, Soil Sci., 54,1942, 289.) Named for 
Prof. Gardner who first isolated this 
organism. 

Gram-positive, branching mycelium. 

Gelatin: Cream-colored surface ring. 
Rapid liquefaction. Green to greenish- 
brown soluble pigment gradually diffuses 
through the liquefied portion. 

Nutrient agar: Cream-colored, ele¬ 
vated, lichenoid growth, soft, not 
leathery; no aerial mycelium; very faint 
browmish pigment. 

Glucose agar: Brownish, lichenoid 
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growth, with wide, cream-colored edge; 
white to grayish aerial mycelium gradu¬ 
ally covering surface. Reverse of growth 
yellowish; no soluble pigment. 

Glucose-asparagine agar: Aerial myce¬ 
lium develops slowly. 

Tryptone broth: Growth occurs as 
small pellets at the base of the flask; 
later, a* thin surface pellicle appears, 
which consists of a branching mycelium. 
Black pigment slowly produced. 

Litmus milk: Unchanged. 

Potato: Barnacle-like, brownish, 

spreading growth; no aerial mycelium. 
Medium brownish around growth. 

Indole not formed. 

No acid from glucose, lactose, maltose, 
mannitol, sucrose and dulcitol. 

Good growth at 25®C. Slow growth at 
37"C. 

Distinctive character: Produces an 
antibiotic substance (proactinomycin) 
upon synthetic and organic media which 
is primarily active against various Gram¬ 
positive bacteria. 

Source: Isolated as an air contaminant 
at Oxford, England. 

* Appendix I: The following species 
probably belong to this genus. Many are 
incompletely described. Some of the 
species listed here may belong in the 
genus Streptomyces, 

Actinomyces alhus acidvs Neukirch. 
(Neukirch, Inaug. Dies., Strassburg, 
1902, 50; Actinomyces albus var. acidus 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 9.) From a case of 
keratitis. 

Actinomyces avadi Dodge. {Strepto^ 
thrix madurae Koch and Stutzger, Ztschr. 
f. Hyg., 69, 1911, 17; not Streptothrix 
madurae Vincent, Ann. Inst. Past., 
8, 1894, 129; Dodge, Medical Mycology, 


St. Louis, 1935, 729.) From a Madura 
foot in Egypt, case of Dr. Avad. 

Actinomyces holognesii-chiurcoi (Vuil* 
lemin) DoJge. {Malbrachea bolognesii- 
chiurcoi Vuilleniin, in Bolognesi and 
Chiurco, Archivi di Biol., i, 1925; Dodge, 
Medical Mycology, St. Louis, 1935,766.) 
From ulcers on the thorax. 

Actinomyces cameli (Mason) Sartory 
and Bailly. {Streptothrix cameli Mason, 
Jour. Trop. Med. and Therap., SB, 1919, 
34; Oospora cameli Sartory, Champ. 
Paras. Homme et Anim., 1923, 8K; 
Sartory and Bailly, Mydoses Pulmo- 
naires, 1923,253.) From pseudotubercu¬ 
losis lesions in* a camel. 

Actinomyces canis (Rabe) Gasperini. 
(Discomyces pleuriticus Vachetta, 
Studi e ricordi din. Milano, 1882; Pleu- 
romyces canis familiaris Rivolta, Giomali 
d. Anat. Fisiol. e Patol., 16, 1884, 4; 
Cladothrix canis Rabe, Berlin, tier&rstl. 
Wochnschr., 1888,65; Gasperini, Ann. 1st. 
d’lg. sper. Univ. Roma, B, 1892, 222; 
Streptothrix canis and Actinomyces 
pleuriticus canis familiaris, quoted from 
Gasperini, Cent. f. Bakt., IS, 1894, 
684; Leptothrix pleuriticus Piana and 
Galli-Vallerio, 1896, quoted from Nan¬ 
nizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 37; Nocardia canis 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 255; 
Oospora canis Sartory, Champ. Paras. 
Homme et Anim., 1923, 821.) Rabe iso¬ 
lated this organism in two cases of phleg¬ 
mon and a case of peritonitis in dogs. 

Actinomyces citrocremeus Nannizzi. 
{Mycobacterium diphtherias avium Trin- 
cas, 1907, quoted from Nannizzi, in 
Pollacci, Tratt. Micopat. Umana, 4$ 
1934,50; Nannizzi, tdew.) From a disease 
in birds. 

Actinomyces dassonvillei Broeq- 
Rousseu. (Broeq-Rousseu, Th5se Sci. 


• The appendix waa originally prepared by Prof. S. A. Waksman and Prof. A. T. 
Henrici, May, 1943; it has been developed further by Mrs. Eleanore Heist Clise, 
Geneva, New York, August, 1945. 
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Nat. Paris, 1007; Nocardia daasanvillei 
Li^gard and Landrieu, Ann. d’Occulisti- 
que, 1911,418; Discomyces dassonvillei 
Hrumpt, Precis de Parasitologie, Paris, 
2nd ed., 1913, 976.) Reported from a 
cervical abscess (Brumpt), from a case 
of conjunctivitis (Li4gard and Landrieu), 
and from grain (Pinoy, Bull. Inst. Past., 
fi, 1913,923). 

Aeiifiomyees dermaionomuB Oxer. 
(Bull. Austral. Jour. Exp. Biol. Med. 
^i., 6, 1929, 301, quoted from Dodge, 
Medical Mycology, St. Louis, 1935, 
719; Oxer, 1930, quoted from Nannizzi, 
in Pollacci, Tratt. Micopat. iJmana, 
4, 1934, 51.) From lesions on sheep in 
Australia. 

Actinomyces donnae Dodge. (Strepio- 
thrix «p. Donna, Ann. Ig. Sperim., 14, 
1904, 449; Dodge, Medical Mycology, 
St. Louis, 1935,745.) From sputum in a 
pulmonary infection. 

Actinomyces dori (Beurmann and Gou- 
gerot) Brumpt. {Sporotrichum, Dor, 
Presse M4d., 14, 1906, 234; Sporoirichum 
dori Beurmann and Gougerot, Ann. 
Derm. Syphiligr. IV, 7, 1906, 996; Dis- 
comyces dori Beurmann and Gougerot, 
Les Nouvelles Mycoses, 1909, 59; Rhino- 
cladium dori Neveu-Lemaire, Precis 
Parasitol., 1921,84; Oospora dori Sartory, 
Champ. Paras. Homme et Anim., 1923, 
770; Brumpt, Precis de Parasitol., 4th 
ed., 1927, 1206; Nocardia dori Vuillemin, 
Encyclopedic Mycologique, Paris, B, 
1931, 284.) Found in subcutaneous ab< 
scesses resembling sporotrichosis. 

Aclinomyces hominis Berestneff. 
(Berestneff, Inaug. Diss., Moskow, 1897; 
not Actinomyces hominis Waksman, 
Soil Science, 8, 1919, 129; Nocardia 
hominis Chalmers and Chrisiopherson, 
Ann. Trop. Med. and Parasit., 10, 1916; 
Discomyces hominis Brumpt, Precis de 
Parasitol., Paris, 3rd ed., 1922, 984.) 
From a case of pseudoactinomycosis. 

Actinomyces japonicus Caminiti. 
{Strepiothrix sp, Aoyama and Miyamoto, 
Mitteil. Med. Fak. K. Jap. Univ. Tokio, 
4, 1901, 231; abst. in Cent. f. Bakt., I 


Abt., Orig., B9, 1901, 262; Caminiti, 
Cent. f. Bakt., I Abt., Orig., 44, 1907, 
198; Strepiothrix Japonica Petruschky, 
in Kolle and Wasserman, Ilandb. d. 
path. Mikroorg., 2 Au6., S, 1913, 295; 
Discomyces japonicus Brumpt, Precis de 
Parasitol., Paris, 3rd ed., 1922, 984.) 
From a case of actinomycosis of the 
lungs. 

Actinomyces keratolytica Acton and 
McGuire. (Indian Med. Gaz., 65, 1930, 
61 and 66, 1931, 65; Proactinomyces 
keratolyticus, author unknown.) Pro¬ 
duces cracked heels among the ryots of 
India. 

Actinomyces lepromatis de Souza- 
Araujo. (Compt. rend. Soc. Biol., 100, 
1929, 937.) From a leproma, Brazil. 

Actinomyces levyi Dodge. (Acti- 
nomyces sp. Levy; Oospora sp. Sartory, 
Champ. Paras. Homme et Anim., 1923, 
827; Dodge, Medical Mycology, St. Louis, 
1935, 730.) From pus. 

Actinomyces micetomae Greco. 
(Strepiothrix micetomae argentinae 0, 
Greco, in Durante, Segunda Observacidn 
de Pi6 de Madura o Micetoma en la Re- 
pdblica Argentina, Thesis, Buenos Aires, 
1911; Greco, Origine des Tumeurs, 1916, 
759; Oospora micetomae Sartory, Champ. 
Paras. Homme et Anim., 1923, 783.) 
From a case of mycetoma pedis. 

Actinomyces minimus (LeCalve and 
Malherbe) Dodge. (Oospora forme de 
Microsporum (Audouini var. equinum), 
Bodin, Arch, de Parasitol., 2, 1899, 606; 
Trichophyton minimum LeCalve and 
Malherbe, Arch, de Parasitol.; Micro¬ 
sporum minimum Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 993; Dodge, Medical Mycology, St. 
Louis, 1935, 728.) From ringworm of 
horse and dog. 

Actinomyces mucosus Basu. (Indian 
Med. Gaz., 78, 1943, 577.) From bron¬ 
chial actinomycosis. 

Actinomyces neddeni Namyslowski. 
(Strepiothrix sp. zur Neddcn, Klin. 
Monatsbl. f. Augenheilk., 45, 1907, 
152; Namyslowski, Cent. f. Bakt., I 



FAMILY ACTINOMYCBTACBAE 


917 


Abt., Orig., 1012| 564.) From a case 
of ker^.titis. 

Actinomyces nodosus (Beveridge) 
Hagan. (Fusiformis nodosus Beveridge, 
Austral. Council Sci. and Indus. Res. 
Bui. 140, 1941, 56 pp.; Hagan, The In¬ 
fectious Diseases of Domestic Animals. 
Ithaca, New York, 1943, 312.) Con¬ 
sidered the primary cause of foot-rot of 
sheep. Also see Spirochaeia penortha* 

Actinomyces phenotolerans Werkman. 
(In Gammel, Arch. Derm. Syphilol., 
1934, 286.) From granuloma in man. 

Actinomyces puntonii L6pez Ortega. 
(L6pez Ortega, Annali d’lgiene, Rome, 
1934,867; Asteroides puntonii Puntoni 
and Leonardi, Boll, e Atti d. R. Accad. 
Med. di Roma, 61, 1935, 94.) From a 
pulmonary abscess. 

Actinomyces purpureus Cavara. (Or- 
loff, Vestnik Ofth., 69, 1912,653; Cavara, 
Micosi Occ., 1928, 99; not Actinomyces 
purpureus Killian and Feh4r, Ann. Inst. 
Past., 66, 1935, 620.) From a case of 
keratitis in Russia. 

Actinomyces riheyro Dodge. (Hongo 
artrosporado Ribeyro, Ann. Fac. Med. 
Lima, S, 1919,1; Dodge, Medical Mycol¬ 
ogy, St. Louis, 1935,735.) From a gener¬ 
alized infection on the arms, legs and 
chest of a patient in Peru. 

Actinomyces rodellae Dodge. {Strepto- 
thrix sp, Rodella, Cent. f. Bakt., I Abt., 
Orig., 84, 1920, 450; Dodge, Medical 
Mycology, St. Louis, 1935, 734.) From 
abscesses of the tooth and jaw. 

Actinomyces ruber (Kruse) Sanfelice. 
(Un Cladothrix cromogeno, Ruiz Casabd, 
Cronica medico-quiruigica de la Habana, 
90, No. 13,1894,340; see Cent. f. Bakt., 
I Abt., 17, 1895, 466; Streptothnx rubra 
Kruse, in Flttgge, Die Mikroorganismen, 
3 Aufl., 9, 1896, 63; Cladothnx rubra 
Mac4, Trait4 Pratique de Bact., 4th 
ed., 1901, 1097; not Actinomyces ruber 
Krainsky, Cent. f. Bakt., II Abt., 
1914, 662; Sanfelice, Cent. f. Bakt., I 
Abt., Orig., S6, 1904,355; Nocardia rubra 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., tO, 1916, 265; 


Discomyces ruber Bnunpt, Prdds de 
Parasitol., Paris, 3rd ed., 1922, 981.) 
From sputum. Some authors consider 
the following synonymous with this 
organism: Streptothrix nuineacea (Acff- 
nomyces mineaceus Lachner-Sandoval, 
Ueber Strahlenpilse, 1898, 66). 

Actinomyces rvbidaureus Laehner- 
Sandoval. {Cladothrix mordor4, Thiry, 
Arch. Physiol. Norm, et Path., 9, 1897, 
283; Lachoer-Sandoval, Ueber Strah- 
lenpilze, Inaug. Diss., Strassburg, 1898, 
66; Actinomycu mordor4, Thiry, Th^se, 
Nancy, 1900, 82; Nocardia mordor4, 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 265; 
Nocardia thiryei de Mello and Pais, 
Arq. Hig. Pat. £xot., 6, 1918, 193; Dis¬ 
comyces thiryi Brumpt, Pidcis de Para¬ 
sitol., Paris, 3rd ed., 1922, 981; Oospora 
mordor4, Sartory, Champ. Paras. 
Homme et Anim., 1923,824; Actinomyces 
thiryi Sartory and Bailly, Mycoses 
Pulmonaires, 1923, 252.) From a case 
showing anginous exudate with edema. 

Actinomyces salvati Langeron. (Lang- 
eron, Bull. Soc. Path. Exot., 16, 192?, 
526; Fontoynont and Salvat, ibid,, 596.) 
From generalized nodular lesions in the 
Madagascar rat. 

Actinomyces sarioryi Dodge. {Oo¬ 
spora pulmonalis var. acido-resistant, 
Sartory, Arch. Med. Pharm. Milit., 70, 
1916, 605; Dodge, Medical Mycology, 
St. Louis, 1935, 756.) From a patient 
showing symptoms of pulmonary tuber¬ 
culosis. 

Actinomyces septicus Mac Neal and 
Blevins. (Jour. Bact., 48, 1945, 605.) 
From human endocarditis. 

Actinomyces serratus Dodge. {Acti¬ 
nomyces asteroides var. serratus Sartory, 
Meyer and Meyer, Ann. Inst. Past., 44i 
1930, 298; also see Compt. rend. Acad. 
Sci. Paris, 188, 1929,745; Dodge, Medical 
Mycology, St. Louis, 1935, 745.) From 
a case of actinomycosis of bones with 
yellow grains. 

Actinomyces sommeri Greco. {Strepto- 
thrix madurae Greco, Primer Case de 
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Pi4 de Madura o Micetoma en la Repd- 
blica Argentina, Thesis, Buenos Aires, 
1004; Sireptothrix micetomaa argeniinae 
a, Greco, in Durante, Segunda Observa- 
cidn de Fid de Madura o Micetoma en 
la Repdblica Argentina, Thesis, Buenos 
Aires, 1911; Greco, Origine des Tumeurs, 
1016, 72B; Noeardia micetomae-argentinae 
Durant, 1011, quoted from Brumpt, 
Prdcis de Parasitol., Paris, 3rd ed., 1922, 
985; Ooapora aommeri Sartory, Champ. 
Paras. Homme et Anim., 1923, 783.) 
From a case of mycetoma pedis in Argen¬ 
tina. 

Actinamycea toaaicua Dodge. (Acti- 
nomyeea alhtta var. taaaica Rossi, Ann. 
Ig. Sperim., 0, 1905, 693; Ooapora alba 
var. toxique, Sartory, Champ. Paras. 
Homme et Anim., 1923, 829; Dodge, 
Medical Mycology, St. Louis, 1935, 
719.) From tumors in the abdominal 
cavities of domestic fowl. 

Actinomyeea ureihridia Brumpt. (Prd- 
cis de Parasitol., Paris, 4th ed., 1927, 
1206.) Isolated by Rocek in 1920 from 
cases of prostatitis. 

Actinomyeea variabilia Cohn. (Cent, 
f. Bakt., I Abt., Grig., 70, 1913, 301.) 
From pus in the bladder in a case of 
cystitis and from the prostate. 

Aateroidea paeudocarneua Puntoni and 
Leonardi. (Boll, e Atti d. R. Accad. 
Med. di Roma, 61, 1935, 93.) 

BaeiUua * bereatnewi Lepeschkin. 
(Cent. f. Bakt., II Abt., 12, 1904, 641 
and IS, 1904, 13.) From sputum of a 
pneumonia patient. 

BaeiUua (Micrococcuaf) havanienaia 
Sternberg. (Sternberg, Manual of Bact., 
1803, 718; Bactenum havanienaia Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 116; Serratia havanienaia 
Bergey et al., Manual, Ist ed., 1923,95.) 
From human intestinal canal. 

Cladothrix matruchoti Mendel. (Men¬ 
del, Compt. rend. Soc. Biol., 82, 1919, 
583; Noeardia matruchoti Pettit, 1921, 
quoted from Nannizsi, in Pollacci, 
Trait. Micopat. Umana, Ji, 1934, 51; 
Ooopofa matruchoti, quoted from Nan- 


nizzi, idem*, Actinomyeea matruchoti Nan- 
nizzi, idem.) From the roots of a decay¬ 
ing tooth with tumefaction. Species 
dubia. 

Cohniatrepothrix miari Carpano.t 
(Riv. di Parassitologia, n. 2, p. 107; 
quoted from Boll. d. Sez. Ital. d. Soc. 
Internet. d. Microbiol., 10, 1938, 62.) 
From human dermatosis in Egypt. 

Diaeomycea berardiniai Brumpt. 
(Strepiothrix ap. de Berardinis, Ann. 
Ottalmol. Lavori Clin. Oculist. Napoli, 
55,1904,914; Actinomyces de Berardinis, 
Namyslowski, Cent. f. Bakt., I Abt., 
Orig., 62, 1912, 566; Brumpt, Precis de 
Parasitol., Paris, 3rd ed., 1922, 977; 
Actinomyeea bernardiniai Brumpt, ibid., 
4th ed., 1927, 1189; Noeardia berardiniai 
Vuillemin, Encyclopedie Mycologique, 
Paris, 2, 1931, 126.) From a case of 
keratitis. 

Diaeomycea braailienaia Lindenberg. 
(Lindenberg, Rev. med. de S. Paolo, 
1909, No. 18, and Arch, de Parasitol., 
IS, 1909, 265; Noeardia braailienaia 
Pinoy, Bull. Inst. Past., Paris, 11, 
1913, 936; Strepiothrix braailienaia Greco, 
Origine des Tumeurs, 1916, 724; Ooapora 
braailienaia Sartory, Champ. Paras. 
Homme et Anim., 1923, 786; Actinomyeea 
braailienaia Gomes, Ann. Palistas Med. 
Cirurg., H, 1923, 150.) From a case of 
mycetoma of the leg. According to 
Pinoy and others, idential with Noeardia 
aateroidea. 

Diaeomycea congolenata Baerts. (Baerts, 
Bull. M5d. Katanga, 2, 1925, 67; Acti- 
nomyeea congolenaia Brumpt, Prdcis 
de Parasitol., Paris, 4th ed., 1927,1206.) 
From lesions in a case of actinomycosis 
from the Belgian Congo. 

Diaeomycea diapar (Vidal) Brumpt. 
{Microaporon diapar Vidal, 1882, Micro- 
aporon anemoeon Vidal, 1882 and Sporo- 
trichum diapar, quoted from Brumpt, 
Precis de Parasitol., Paris, 3rd ed., 1922, 
995 and from Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4, 1934, 25; 
Brumpt, idem*, Actinomyeea diapar 
Brumpt, ibid., 4th ed., 1927, 1206.) 
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From a case of pityriasis. Species 
dubia. 

Discamycea mexicanua Boyd and 
Crutchfield. (Boyd and Crutchfield, 
Amer. Jour. Trop. Med., /, 1921, 268; 
Aciinomycea mexicanua Brumpt, Precis 
de Parasitol., Paris, 4th ed., 1927, 1192; 
Nacardia mexicana Ota, Jap. Jour. Derm. 
Urol., F8, 1928.) From a mycetoma of 
the foot. 

Diacomycea minutiaaimua (Burchardt) 
Brumpt. (Microaporon minutiaaimum 
Burchardt, in Uhle and Wagn. Pat. Gen., 
1859; Trichothecium ap. J. Neumann, 
1868; Microaporon gracile Balzer, Ann. 
Derm. Syphiligr., II, 4,1883, 681; Sporo- 
trichum minutiaaimum Saccardo, Sylloge 
Fungorum, 4t 1886, 100; Microaporoidea 
minutiaaimua Neveu-Lemaire, Pr4ci8 
Parasitol., 1906; Brumpt, Precis de 
Parasitol., 1st ed., 1910, 863; Ooapora 
minutiaatma Ridet, Oospora et Oosporo¬ 
ses, 1911, 68; Nocardia minutisaima 
Verdun, Precis parasitol,, 1912; Acti- 
nomycea minutiaaimua Brumpt, ibid., 
4th ed., 1927, 1199.) Reported as the 
etiological agent of erythrasma. 

Mycobacterium alluvialum Bergey et 
al. (Kersten, Cent. f. Bakt., I Abt., 
Orig.,5i, 1909,494; Bergey et al.,Manual, 
1st ed., 1923, 379.) From soil. 

Mycobacterium convolutum Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75,1928, 87; Actinomy- 
cea convolutua Bergey et al.. Manual, 3rd 
ed., 1930, 473.) From soil. Resembles 
Nocardia opaca. 

Nocardia arboreacena (Edington) 
Trevisan. (Bacillua arboreacena Eding¬ 
ton, Brit. Med. Jour., June 11, 1887, 
1262; Trevisan, I generi e le specie delle 
Batteriacee, 1889,9; Actinomycea arbor ea- 
cena Gasperini, (3ent. f. Bakt., fJ, 1894, 
684.) From human skin in cases of 
scarlatina. 

Nocardia bahienaia da Silva. (Da 
Silva, Brasil Med., 55,1919,81 and Mem. 
Inst. Butantan, 1, 1918-1919, 187, Dia- 
comycea bahienaia Neveu-Lemaire, PnScis 
de Parasitol. Hum., 5th ed., 1921, 44; 


Ooapora bahienaia Sartory, Champ. 
Paras. Homme et Anim., 1923, 784; 
Actinomycea bahienaia Brumpt, Precis 
de Parasitol., 4th ed., 1927,1195.) From 
an actinomycotic mycetoma in Brazil. 

Nocardia bereatneffi Chalmers and 
Christopherson. (Streptothrix cas I, 
II*, Berestnefi, Inaug. Diss., Moscow, 
1897; Chalmers and Christopherson, 
Ann. Trop. Med. and Parasitol., 10, 
1916, 263; Diacomycea bereatneffi Brumpt, 
Precis de Pafasitol., Paris, 3rd ed., 1922, 
992; Aciinomycea bereahieffl Sartory and 
Bailly, Mycoses pulmonaircs, 1923, 256.) 
From a case of pulmonary pseudotuber¬ 
culosis. 

Nocardia bicolor (Trolldenier) de Mello 
and Fernandes. {Actinomycea bicolor 
Trolldenier, Ztschr. f. Tiermedizin, 7, 
1903, 81; de Mello and Fernandes, Mem. 
Asiatic Soc. Bengal, 7, 1919, 106.) 
Found in cerebromeningitis, bronchitis 
and lymphadenitis in a dog. 

Nocardia convoluta Chalmers and 
Christopherson. (Chalmers and Chris¬ 
topherson, Ann. Trop. Med. and Parasit., 
10, 1916, 257; Diacomycea convolutua 
Neveu-Lemaire, Precis Parasitol. Hum., 
5th ed., 1921, 44; Ooapora convoluta 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 769; Actinomycea convolutua 
Brumpt, Precis de Parasitol., Paris, 4th 
ed., 1927, 1195.) From a yellow grain 
mycetoma of the foot in the Sudan. 

Nocardia cylindracea de Kort4. (De 
Kort5, Ann. Trop. Med. Parasit., 11, 
1918, 205; Diacomycea cylindraceua 

Neveu-Lemaire, Precis Parasitol. Hum., 
5th ed., 1921, 44; Ooapora cylindracea 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 774; Actinomycea cylindra¬ 
ceua Brumpt, Pr4cis de Parasitologic, 
Paris, 4th ed., 1927, 1206.) From an 
infection of the outer ear, resembling 
mycetoma. 

Nocardia enteritxdia (Pottien) Castel¬ 
lan! and Chalmers. {Streptothrix enteric 
Udia Pottien, 1902, according to San- 
fclice, Cent. f. Bakt., I Abt., Orig., 55, 



920 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


1904, 357; Bacillus enteritidis Pottien, 
1902, according to Nannizzi, in Pollacci, 
Trait. Micopat. Umana, 4» 1934, 25; 
not Bacillus enteritidis Gaertner, Corre¬ 
spond. d. Allgemein. Artz. Vereins 
Thuringen, 17, 1888, 573; Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 1913, 
819; Oaspora enteritidis , quoted from Nan> 
nizzi, loc. ett.; Discomyces enteritidis 
Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922,980; Actirumyces enteritidis 
Brumpt, ibid., 4th ed., 1927, 1191.) 
From a case of enteritis. 

Nocardia equi Chalmers and Christo- 
pherson. (Streptothrix sp . Dean, Trans. 
Path. Soc. London, 61, 1900,28; Chalmers 
and Christopherson, Ann. Trop. Med. 
Parasit., 10, 1916, 263; Discomeyes equi 
Brumpt, Precis de Parasitologic, 3rd ed., 
1922,992; Actinomyces equi Sartory and 
Bailly, Mycoses Pulmonaires, 1923,256.) 
From an abscess on the jaw of a horse. 

Nocardia erythrea (Foulerton) Chal- 
men^ and Christopherson. (Strepto¬ 
thrix erythrea Foulerton, 1910; Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., 10, 1916, 268.) 

Nocardia foulertoni Chalmers and 
Christopherson. (Streptothrix hominis 
Foulerton and Jones, Trans. Path. Soc. 
London, 6S, 1902,56; Streptothrix hominis 
I Foulerton, in Allbutt and Rolleston, 
Syst. of Medicine, F, 1906, 302; Nocardia 
hominis Castellani and Chalmers, Man. 
Trop. Med., 2nd ed., 1913, 819; Oospora 
hominis Bidet, 1911, according to Castel¬ 
lani and Chalmers, idem\ Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916,263; Discomyces fouler¬ 
toni Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922,993; Actinomyces foulertoni 
Brumpt, ibid., 4th ed., 1927,1204.) From 
abscesses of the chest and from sputum. 

Nocardia genesii Fr6es. (Fr6es, Do 
mycetoma pedis no Brasil 50, 1930; 
Actinomyces genesii Dodge, Medical 
Mycology, St. Louis, 1935, 761.) From 
a case of Oenesio Salles from Bahia. 

Nocardia joUyi Vuillemin. (Vuille- 
min, in Jdly, Rev. Med. de PEst, 48 


1920, 42; Discomyces jollyi Brumpt, 
Precis de Parasitol., Paris, 3rd ed., 1922, 
84; Oospora Jollyi Sartory, Champ. 
Paras. Homme et Anim., 1923, 770; 
Actinomyces jollyi Brumpt, ibid., 4th 
ed., 1927, 1196.) From a case clinically 
resembling bubonic plague. 

Nocardia lasserei Verdun. (Nocardia 
sp. Lasserre, Thdse Toulouse, 1904; 
Verdun, Precis Parasitol., 1912; Dis¬ 
comyces lasserrei Neveu-Lemaire, Precis 
Parasitol. Hum., 5th ed., 1921, 43; 
Oospora lasserei Sartory, Champ. Paras. 
Homme et Anim., 1928,798, Actinomyces 
lasserei Brumpt, Precis de Parasitol., 
4th ed., 1927,1206.) From an ulcerative 
lesion on the pharynx and upper lip. 

Nocardia lingualis (Eisenberg) Chal¬ 
mers and Christopherson. (Zungenbelag- 
Vibrio, Weibel, Cent. f. Bakt., 4, 1888, 
227; Vibrio lingualis Eisenberg, Bakt. 
Diag., 3 Aufl., 1891, 212; Spirillum 
linguae Sternberg, Man. of Bact., 1893, 
697; Spirosoma lingualis Migula, in 
Engler and Prantl, Die nattirl. Pflan- 
zenfam., 1, la, 1895, 31; Streptothrix 
lingualis Bajardi, Cent. f. Bakt., I 
Abt., Orig., S6, 1904, 129; Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 265; not Nocardia 
lingualis Castellani and Chalmers, Man. 
Trop. Med., 2nd ed., 1913, 819; Dis¬ 
comyces lingualis Brumpt, Precis de 
Parasitol., Paris, 3rd ed., 1922, 980; 
Actinomyces lingualis Sartory and Bailly, 
Mycoses Pulmonaires, 1923,252.) From 
a deposit on the tongue. Jensen (Proc. 
Linn. Soc. New So. Wales, 69, 1934, 43) 
regards this species as closely related to 
Corynebacterium filamentosum. Also see 
page 205. 

Nocardia londinensis (sic) Chalmers 
and Christopherson. (Streptothrix 
hominis II, Foulerton, Lancet, 1, 1906, 
970; Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 256; 
Discomyces londinensis Brumpt, Precis 
de Parasitol., Paris, 3rd ed., 1922, 993; 
Actinomyces londinensis Brumpt, ibid., 



FAMILY AGTINOMYCBTACEAE 


921 


4tli ed., 1927, 1204.) From cases of 
human actinomycosis. 

Nocardia macrodipodidarum Fox. 
(Fox, Disease in Captive Wild Mammals 
and Birds, 1923, 670; Actinomyces macro- 
dipodidarum Dodge, Medical Mycology, 
St. Louis, 1935, 747.) Found in lumpy 
jaw with septicemia and gasteroenteritis 
of kangaroos. 

Nocardia nicollci Delano6. (DelanoS, 
Arch. Inst. Past. Tunis, /7, 1928, 257; 
Actinomyces nicollei Nannizzi, in Pol- 
lacci, Tratt. Micopat. Umana, 4, 1934, 
36.) From a mycetoma of the thigh. 

Nocardia nigra (Castellani) Castellani 
and Chalmers. (Streptothrix nigra Cas¬ 
tellani, 1913, according to Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed., 1919, 1062; presumably not Strepto- 
thrix nigra Rossi Doria, Ann. 1st. Ig. 
sper. Univ. Roma, /, 1891,399; Castellani 
and Chalmers, idem.) From black gran¬ 
ules in a case of tonsillar nocardiomyco- 
sis. Usually forms black colonies on 
agar. 

Nocardia panginensis de Mello and 
Fernandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
Actinomyces panginensis Dodge, Medical 
Mycology, St. Louis, 1935, 718.) From 
a dermatosis. 

Nocardia pijperi Castellani and 
Chalmers. (Nocardia sp. Pijper, Folia 
Microbiol., 5, 1917, 50 and Med. Jour. 
So. Africa, IB, 1917, 141; Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 1060; Discomyces pijperi Neveu- 
Lemaire, Precis Parasitol. Hum., 5th 
ed., 1921,44; Actinomyces pijperi Sartory 
and Bailly, Mycoses pulmonaires, 1923, 
256.) From sputum in a case of chronic 
bronchitis. 

Nocardia pinoyi de Mello and Fernan¬ 
des. (De Mello and Fernandes, Mem. 
Asiatic Soc. Bengal, 7, 1919, 130; Acti¬ 
nomyces pinoyi Dodge, Medical My¬ 
cology, St. Louis, 1935, 723.) From a 
case of erythrasma. 

Nocardia ponceti Verdun. (Verdun, 
Precis Parasitol., 1912; Diseamyces pon¬ 


ceti Neveu-Lemaire, Precis Parasitol. 
Hum., 5th ed., 1921, 43; Oospora poneM 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 778; Actinomyces ponceti 
Brumpt, Precis de Parasit., Paris, 4th 
ed., 1927, 1205.) Isolated by Moorhof, 
Dor and Poncet from a muscular pseudo- 
aictinomycosis. This species may be 
synonymous with Nocardia krausei 
(Chester). 

Nocardia ptUridogenes (Vezspremi) de 
Mello and Pais. (Cladothrix putrido- 
genes Vezspremi, Cent. f. Bakt., I Abt., 
44 1 1907, 408 and 515; de Mello and Pais, 
Arq. Hig. Pat. Exot., 6, 1918, 187, Oo¬ 
spora putridogenes Sartory, Champ. 
Paras. Homme et Anim., 1923, 823; 
Actinomyces putridogenes Nannizzi, in 
Pollacci, Tratt. Micopat. Umana, 4, 
1934,41.) From greenish pus from gingi¬ 
val ulcers and abscess of the jaw. 

Nocardia repens (Eklund) Vuillemin. 
(Epidermophyton sp. Lang, 1879; Lepo- 
collarepens Eklund, 1883; Achorionrepens 
Gu4guen, 1904; Epidermophyton repens; 
all quoted from Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4> 1934; Vuille¬ 
min, Encyclop6die Mycologique, Paris, 
B, 1931, 124; Actinomyces repens Nan¬ 
nizzi, idem.) From the skin in cases of 
psoriasis. 

Nocardia rivierei Verdun. (Streplo- 
thrix sp. Riviere, Cong. Fran9. M4d. 
Bordeaux 1895, B, 1896,1003; Actinomyces 
Sabrazes et Rivieri, Berestnev, Inaug. 
Diss., Moscow, 1897; Verdun, Pr4ci8 
Parasitol., 1912; Discomyces rivierei 
Neveu-Lemaire, Prdcis Parasitol. Hum., 
5th ed., 1921,43; Oospora rivierei Sartory, 
Champ. Paras. Homme et Anim., 1923, 
792; Actinomyces rivierei Brumpt, Precis 
de Parasitol., 4th ed., 1927,1201.) From 
sputum and pus in a bronchopleuropul- 
monary infection followed by multiple 
abscesses. 

Nocardia sanfelicei Redaelli. (Strepto- 
thrix acido-resistente, Sanfelice, Boll. 
Ist. Sieroterapico hBlanese, B, 1922, 
327; Redaelli, Ist. Sieroterapico Milan¬ 
ese, 7, 1928, 75 and 121; Acftnomyccii 
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satkfelicei Naniiizzi, in Pollacci, Trait. 
Micopat. Umana, 1934, 51.) From 
fatal lesions in a rat. 

i^ocardia splenica Gibson. (Gibson, 
1930, quoted from Nannizzi, in Pollacci, 
Trait. Micopat. Umana, 4i 1934, 50; 
Actinomyces splenica Xannizzi, idem,) 
From a ease of splenomegalia. 

Nocardia tenuis Castcllani. (Castel- 
lani, Brit. Jour. Derm. Syphilis, 

1911, 341; Discomyces tenuis Castellani, 
Proc. Roy. Soc. Med., Derm., 1912, 
23; Cohnisireptothnx tenuis Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., iO, 1916, 273; Actinomyces 
tenuis Dodge, Medical Mycology, St. 
Louis, 1935, 715.) From cases of tricho¬ 
mycosis flava. 

Nocardia valvulae Chalmers and 
Christopherson. (Streptothrix valvulae 
destruens hovis Luginger, Monats. f. 
prakt. Tierheilk., 15, 1904,289; Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., W, 1916 , 263; Oospora 
valvulae destruens bovis Sartory, Champ. 
Paras. Homme et Anim., 1923 , 788; 
Actinomyces valvularis Ford, Textb. of 
Bact., 1927, 211; Actinomyces valvulae 
Xannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 51.) From endocarditis 
in cattle. 

Oospora anaerobies Sartory. (Acti¬ 
nomyces sp, Butterfield, Jour, Inf. Dis., 
2, 1905, 421; Sartory, Champ. Parasit. 
Homme et Anim., 1923,830; Actinomyces 
anaerobies Plant, quoted from Dodge, 
Medical Mycology, St. Louis, 1935, 
717.) From pus from human lung. 

Oospora hronchialis Sartory and Levas- 
sour. (Sartory and Levasseur, 1914, 
quoted from Neveu-Lemaire, Prdcis 
Parasitol. Hum., 5th ed., 1921, 43; 
Actinomyces hronchialis Sartory, Bull. 
Sci. Pharm., 2S, 1916, 12; Discomyces 
hronchialis Neveu-Lemaire, idem.) 
From sputum in a case of pulmonary 
oosporosis. 

Oospora huccalis Roger, Bory and Sar-’ 
tory. (Roger, Bory and Sartory, Bull. 
Mem. Soc. M^d. Hdp. Paris, 27, 1909, 


319 and Compt. rend. Soc. Bipl., 66, 
1909, 301; Discomyces huccalis Brumpt, 
Pr6cis de Parasitol., Paris, Ist ed., 1910, 
861; Nocardia huccalis Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913, 819; Actinomyces huccalis Sartory 
and Bailly, Mycoses pulmonaires, 1923, 
256.) From a case of creamy stomatitis 
with tonsillar abscess. 

Oospora catarrhalis Sartory and Bailly. 
(Sartory and Bailly, Thdse Univ. Stras¬ 
bourg Fac. Pharm., 4, 1921, 57; Dis¬ 
comyces catarrhalis Brumpt, Precis do 
Parasitol., Paris, 3rd ed., 1922, 984; 
Actinomyces catarrhalis Brumpt, ibid., 
4th ed., 1927, 1195.) From sputum in a 
case of pulmonary oosporosis. 

Oospora hominis Ridet. (Streptothrix 
hominis IV Foulerton, 1906; Streptothrix 
hominis III Foulerton, 1910; Ridet, 1911, 
according to Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4, 1934, 9; Nocardia 
appcndicis Chalmers and Christopher¬ 
son, Ann. Trop. Med. and Parasit., 10, 
1916,256; Discomyces appendicis Brumpt, 
Precis dc Parasitol., 3rd cd., 1922, 977; 
Actinomyces appendicis Brumpt, ibid., 
4th cd., 1927, 1189.) From a case of 
appendicitis and an iliac abscess. 

Oospora lingualis Gu^guen. (Gu5guen, 
Compt. rend. Soc. Biol., 64, 1908, 852; 
Discomyces lingualis Brumpt, Precis de 
Parasitol., Paris, let ed., 1910, 865 and 
2nd ed., 1913,976; not Discomyces lingua¬ 
lis Brumpt, ibid., 3rd ed., 1922, 980; 
Nocardia lingualis Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913, 819; not Nocardia lingualis Chal¬ 
mers and Christopherson, Ann. Trop. 
Med. and Parasitol., 10, 1916, 265; 
Di.scomyces guegueni Brumpt, ibid., 3rd 
cd., 1922, 980; Actinomyces guegueni 
Brumpt, ibid., 4th ed., 1927, 1191, No- 
enrdia guegueni Ota, Jap. Jour. Derm. 
Urol., 28, 1928.) From cases of lingua 
nigra. 

Oospora pulmonalis Roger, Sartory 
and Bory. (Roger, Sartory and Bory, 
Compt. rend. Soc. Biol., 66, 1909, 150; 
Discomyces pulmonalis Brumpt, Prdcia 
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de Parasitologic, Ist od., 1910, 860; 
N ocardia puhnonalis Castcllani and 
Chalmers, Man. Trop. Med., 2nd ed., 

1913, 817; ActinomyceB pulmonalia Sar- 
tory and Bailly, Mycoses Pulmonaircs, 
1923, 256.) From the sputum of a 
patient with pulmonary mycosis. 

OoBpora pulmonalia var. chromogena 
Sartory. (Sartory, 1913; Actinomycea 
pulmonalia var. chromogenua Nannizzi, 
in Pollacci, Tratt. Micopat. Umana, 
4, 1934, 39.) From sputum of a patient 
suspected of having pulmonary tubercu¬ 
losis. 

Proactinomycea albua Krassilnikov. 
(Bull. Acad. Sci., U. S. S. R., No. 1, 
1938, 139.) Cells at first produce my¬ 
celium with frequent branching varying 
in - diameter from 0.6 to 1.0 micron. 
Breaks up after 2 or 3 days into rods and 
sometimes later into cocci. Multiply 
by fission, cross-wall formation and 
budding. Does not form spores; cells 
are Gram-positive and are not acid-fast. 
Colorless growth. Colonies vary in the 
different strains, somewhat rough, folded, 
shiny or dull, of a dough-like consistency. 
Krassilnikov listed several strains of this 
organism, including Proactinomycea olU 
gocarbophilua, 

Proacti nomyeva aquosus Tu rfit t. 
(Jour. Bact.. 47 , 1944 , 490 ) From soil. 
Decomposes cholesterol. 

Proactinomycea cyaneus (Beijerinck) 
Krassilnikov. (Actinococcua cyaneua 
Beijerinck, Folia microbiol.. Delft, 

1914, 196; Krassilnikov, loc, cii.) Blue 
pigment produced on synthetic media. 
Cells are rod-shaped. 0.7 to 0.8 by 3 to 
7 microns. Branching cell material on 
potato multiplies by means of bud forma¬ 
tion, by fission, and cross-wall formation; 
no true spores formed. 

Proacti nomycea cyaneus-antibioticu^ 
Gausc. (Jour. Bact., 51^ 1946, 649.) 
From soil. Produces litmocidin, a new 
antibiotic. 

Proactinomycea moonnani Franklin. 
(Ann. Intern. Med., /S, 1940, 1205.) 


From the pus of multiple molar abooesses 
in a dental patient. 

Proactinomycea paraguayenaia Al¬ 
meida. (Mycopath., S, 1940, 201.) 

From a thoracic mycetoma with heavy, 
dark grains affecting a Canadian patient 
living in . the Paraguayan Chaco. 
Sabouraud’s glucose agar: Pseudomem¬ 
branous colony with raised, dark center 
surrounded by a white band, progres¬ 
sively increasing in size, and then by a 
light chocolate area. 

Proactinomycea reatrictua Turfitt. 
(Jour. Bact., 47, 1944, 491.) From soil. 
Deconipose.s cholesterol. 

Proactinomycea ap. Helzer. Found in 
sputum of tuberculous patient. Patho¬ 
genic for guinea pigs and rabbits. 

Streptothrix buccalia Goadby. (My¬ 
cology of the Mouth, London, 1903,200.) 
From the mouth in cases of pyorrhoea. 
Chalmers and Christopherson (Ann. 
Trop. Med. and Parasit., 10, 1916, 234) 
regard this as a synonym of Nocardia 
liquejaciena. 

Streptothrix flava Chester. (Actf- 
nomycea ap. Bruns, Cent. f. Bakt., t6, 
1899, 11; Chester, Man. Determ. Bact., 
1901, 362; Nocardia hruni Chalmers and 
Christopherson, Ann. Trop. Med. and 
Pamsit., 10, 1916, 256; Streptothrix homi- 
nis Bruns, according to Chalmers and 
Christopherson, idem; Diacomycea hruni 
Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922, 992; Actinomycea bruni 
Brumpt, ibid,, 4th ed., 1927, 1204; Acti¬ 
nomycea flavua Dodge, Medical My¬ 
cology, St. Louis, f935, 752.) From pus 
from a case of actinomycosis of the ab¬ 
dominal wall. 

Streptothrix fuaca Karwacki. (Kar- 
wacki, Compt. rend. Soc. Biol., 66, 
1911, 180; not Streptothrix fuaca Corda, 
Pracht flora europaischer Schimmel- 
bildungen, Leipzig and Dresden, 1839, 
27; Nocardia fuaca Castellani and Chal¬ 
mers, Man. Trop. Med., 2nd ed., 1913, 
818; Diacomycea fuacua Brumpt, Precis 
de Parasitol., Paris, 3rd ed., 1922, 993; 
Ooapora fuaca Sartory, Champ. Paras. 
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Homme et Anim., 1923,809; AcHnamyeea 
fuBcua Sartory and Bailly, Mycoses 
pulmonaires, 1923, 256; not Actinomyces 
fusca SOhngen and Fol, Cent. f. Bakt., 
II Abt., 40^ 1914,87.) From the sputum 
of a tuberculosis patient. 

Streptothrix luteola Foulerton and 
Jones. (Foulerton and Jones, Trans. 
Path. Soc. London, 5S, 1902, 75; also see 
Foulerton, Lancet, I, 1905, 12()0 and 1, 
1906, 970; Nocardia luteola Castellani 
and Chalmers, Man. Trop. Med., 2nd 
ed., 1913, 818; Discomyces luteolus 
Brumpt, Pr4cis de Parasitol., Paris, 
3rd ed., 1922, 981; Oospora luteola 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 812; Actinomyces luteolus 
Ford, Textb. of Bact., 1927,213.) From 
a lung infection, from a case of conjunc¬ 
tivitis, and from a dental abscess. 

Streptothrix madurae Solan. (Solari, 
Semana M6d., 1917, 573; not Strepto¬ 

thrix madurae Vincent, Ann. Inst. Past., 
8, 1894, 129; not Streptothrix madurae 


Koch and Stutsger, Ztschr. f. Hyg., 
59, 1911, 17.) From Madura foot. See 
Acttnomyces avadi, 

Streptothrix muris-ratti SchottmOller. 
(SchottmOller, Derm. Wochnschr.,-58, 
1914, 77; Nocardia muris de Mello and 
Pais, Arq. Hig. Pat. Exot., 5, 1918, 
183; Actinomyces muris-ratti Nannizzi, 
in Pollacci, Tratt. Micopat. Umana, 
4, 1934, 51.) From sodoku or rat-bite 
fever. 

Streptothrix tarozzii Miescher. (Acti¬ 
nomyces albus Tarozzi, Archivio Sci. 
Med., 35, 1909, 553; Miescher, Arch. 
Derm. Syphilis, 154,1917,297; Actinomy¬ 
ces tarozzii Dodge, Medical Mycology, 
St. Louis, 1935, 7^.) From a case of 
Madura foot. 

Streptothrix verrucosa (Adler) Miescher. 
{Actinomyces verrucosus Adler, 1904, see 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4) 1934, 46; Miescher, Arch. 
Derm. Syphilis, 154, 1917, 314.) From 
mycetoma pedis. 
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OenuB n, Actinomyces Harz» 

(Harz, in Bollinger, Centbl. f. med. Wissensch., iJ, 1877, 485; Harz, Jahresber. d. 
Mtlnch. Thierarzneischule for 1877-78, 1879, 125; not Actinomyce Meyen, Linnaea, 
F, 1827,442; Discomyces Hivolta, Clinica Veter., Milano, 1, 1878, 208; Actinocladothrix 
Afanasiev, St. Petersb. med. Wchnschr., 4, 1887, 323; Micromyces Gruber, Cent. f. 
Bakt., 10, 1891, 648; not Micromycea Dangeard, Lc Botaniste, 1, 1888, 55; Actino^ 
bacUrium Haas, Cent. f. Bakt., I Abt., Ori^., 40 , 1906, 180; Carteria and CarUrii 
Musgrave, Clegg and Polk, Philippine Jour. Sci., Ser. B, Med. Sci., 3, 1908, 470; 
Cohniatreptothnx Pinoy (in part), 1911, see Pinoy, Bull. Inst. Past., 11, 1913, 929; 
Anaeromyces Castellani, Douglas and Thomson, Jour. Trop. Med. Hyg., 1921, 
149; Brevistreptothrix Lignieres, Ann. Parasit. Hum. Comp., 3, 1924, 1.) 

True mycelium produced. The vegetative mycelium fragments into elements of 
irregular size and may exhibit angular branching. No conidia produced. Not acid- 
fast. Anaerobic to microaerophilic. Pathogenic for man and animals. 

The type species is Actinomyces bovis Harz. 

Key to the species of genus Actinomyces. 

I. Colonies soft, smooth, uniform, not adherent to medium. No aerial hyphae. 

1. Actinomyces bovis. 

II. Colonies tougher iii texture and warted in appearance, adherent to medium. 
Scanty aerial growth of hyphae. 

2. Actinomyces israeli. 


1. Actinomyces bovis Harz. (Harz, 
in Bollinger, Cent. f. med. Wissensch., 
15, 1877, 485; Jahrb. d. Mlinch. Thier- 
arzeneischule, 1877,781; Discomyces bovis 
Rivolta, La clinica Veteiinaria, 1, 1878, 
169 or 208; Bacterium actinocladothrix 
Afanasiev, St. Petersburger Med. 
Wochnschr., IS, 1888, 84; Nocardia ac- 
tinomyces Trevisan, I generi e le specie 
dellc Batteriacee, Milan, ISS9,9; Strepto- 
trix actinomyces Rossi Doria, Ann. d. 
Ist. d*Igi. Sper., Univ di Roma, /, 1891, 
425; Cladothnx boms Mac6, Trait6 de 
Bact., 2nd ed., 1891, 666; Oospora bovis 
Sauvageau and Radais, Ann. Inst. Past., 
Paris, 6, 1892, 271; Actinomyces bovis 
sulphureus Gasperini, Cent. f. Bakt., 15, 
1894, 684; Nocardia bovis Blanchard, 
in Bouchard, Traitd de Path. Gdn^ralo, 
F, 1896, 857; Actinomyces sulphuretts 
Gasperini, Atti Soc. Tosc. Scienz. Nat., 
P. V., Ilf 1896; Cladothrix actinomyces 
Mac4, Traiti^ de Bact., 3rd ed., 1897, 
1038; Streptothrix actinomycotica Fouler- 
ton, Lancet, 3, 1899, 780; Streptothrix 
bovis communis Foulerton, Jour. Comp. 
Path, and Therap., 7^, 1901, 50; Strepto- 


thnx bovis Chester, Man. Determ. 
Bact., 1901, 361, Streptothrix sulphuren 
Caminiti, Cent. f. Bakt., I Abt., Grig., 
1907, 107; Sphaerotilus bovis Engler, 
Syllabus dor Pflanzenfam., 5 AuB., 
1907, 5; Nocardia sidphurea Vuillemin, 
Encyclop4die Mycologique, Paris, 2, 
1931*, 129; Proactinomyces bovis Henrici, 
Biology of Bact., 2nd ed., 1939 , 409.) 
From Latin bovis, of the ox. 

Synonyms previous to 1919 as given by 
Breed and Conn, Jour. Bact., 4, 1919, 
596. 

Probable synonym: Brevistreptothrix 
spitzi Ligni6rcs, Annales de Parasit., 2, 
1924, 2 {Streptothrix spitzi Lignieres and 
Spitz, Cent. f. Bakt., I Abt., Orig., S5, 
1904, 453; Actinnbactvnum isreali var. 
spitzi Sampiolro, .\nn. Igieno, 18, BKIS, 
391; Discomyces spitzi Briimpt, Precis 
de Parasitol., Paris, 1st ed., 1910, 847; 
Actinomyces spitzi Lioskc, Morphol. u. 
Biol. d. Strahlcnpilze, Leipzig, 1921, 
32; Oospora spihi Sartory, Champ. 
Paras. Homme ct Anim., 1923, 775), 
Found in mycosis of the upper jaw of 
oxen in Argentina. 
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Description from Erikson, Med. Res. 
Council, London, Special Report Ser. 
240, 1940,63 pp. ' 

No aerial hyphae. Radiate, sulfur- 
colored granules occur in the pus found in 
cases of actinomycosis. Large club- 
shaped hyphae are seen in morbid tissues. 
Oram-positive. Non-motile. Not acid- 
fast. 

Mycelium: Undergoes fragmentation 
very rapidly, extensive branching is rare. 
Hyphae less than 1 micron in diameter. 

Colonies: Smoother and softer in con¬ 
sistency, and more upiform than in the 
following species. The colonies are not 
adherent to the medium and growth is 
scantier. 

Semi-solid media: Excellent growth, 
especially with paraffin seal. 

Gelatin: Occasionally scant, flaky 
growth. No liquefaction. 

Liquid media: Occasional turbidity 
with a light flocculent growth. 

Acid from glucose, sucrose and maltose. 
No acid from salicin and mannitol. 

Pigments: No soluble pigments pro¬ 
duced on protein media. No insoluble 
pigments produced by growth. 

Egg or .serum meditw: No proteolytic 
action. 

Litmus milk: Becomes acid but usually 
no coagulation, no peptonization. Some¬ 
times no growth. 

No hemolysis in blood broth or blood 

agar. 

Serology: No cross agglutination be¬ 
tween five bovine strains and human 
strains of Actinomyce9 israeli. No cross 
reactions with representative aerobic 
strains. 

Optimum temperature 37®C. 

Anaerobic to microaerophilic. Bovine 
strains are more oxygen-tolerant on egg 
or serum media than strains of human 
oriipn belonging to the following species. 

As pointed out by Ligni^res and Spitz 
(Bull. Soc. cent. M6d. vet., 20, 1902, 487 
and 540) and others, distinction should be 
made between the infections produced by 
Aciinomye€$ bovis and those produced by 


the Gram-negative Actinobacillua now 
known as Actinobacillua ligniereai. 
These infections frequently occur in 
mixed form and are also frequently com¬ 
plicated by the presence of pyogenic 
cocci (Magnussen, Acta path. Microbiol. 
Scand., 6, 1928, 170; and others). 

Source: Originally found in lumpy jaw 
of cattle. 

Habitat: Frequently found in and 
about mouth of cattle and probably other 
animals. Lesions ma}’’ also be produced 
in the liver, udder or other organs of 
cattle and hogs. Possibly also in human 
mouth (Naeslund, Acta path. Microbiol. 
Scand., 2, 1925, 110). 

This and the following species are 
sometimes regarded as being identical 
(sec Emmons, Public Health Repts., 
U.S.P.H.S., 6S, 1935, 1967; Rosebury, 
Bact. Rev., 8, 1944, 190; and others). 

2. Actinomyces Israeli (Kruse) 
Lachner-Sandoval. (Strahlenpilz, Wolff 
and Israel, Arch. f. path. Anat., 126, 
1891, 11; Streptothrix israeli Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 56; Actinomyces israeli Lachner- 
Sandoval, Inaug. Diss., Strassburg, 1898, 
64; Diacomycea israeli Gedoelst, I^es 
champignons parasites dc Phomme et 
des animaux domestiques, 1902, 163; 
Actinohacterium israeli Sampietro, Ann. 
dTg. sperim., 18, 1908, 331; Cohnisirepto- 
thrix israeli Pinoy, Bull. Inst. Pasteur, 
Paris, 11, 1913^- 931; Nocardia israeli 
Castellani and Chalmers, Man. Trop. 
Med., 2nd ed., 1913, 814; Anaeromycea 
bronchitica Castellani, Douglas and 
Thomson, Jour. Trop. Med. Hyg., 24, 
1921, 149; Cohnistreptothrix bronchitica 
Verdun and Mandoul, Precis Parasitol., 
1924, 754; Brevislrepiothrix israeli Lig- 
nic^res, Annales de Parasit., 2, 1924, 2; 
Proactinomycea israeli Negroni, Compt. 
rend. Soc, Biol., Paris, 117^ 1934, 1239; 
Corynebacterium israeli Haupt and Zeki, 
Cent. f. Bakt., I Abt., Orig., ISO, 1933, 
95;Oospora israeli,quoted fromNannizzi, 



FAMILY ACTINOMYCBTACBAR 


Trait. ’Micopat. Umaiia, 53; 

Actinomyces woljf-israel Lcntzc, Cent. f. 
Bakt., I Abt., Orig., m, 1938, 2l.» 
Named for Prof. Israel, one of the origi¬ 
nal isolators of this organism. 

Synonyms previous to 1019 essentially 
as given by Breed and Conn, Jour. Bact., 
4, 1919, 597. 

Description from Kriksou, Aled. Res. 
Council, London, Special Rept. Ser. 240, 
1940, 63 pp. 

Erect aerial hyphae pro<luced in an 
atmosphere of reduced oxygen tension. 
These hyphae arc occasionally septate 
but no definite spores are formed. One 
micron or more in diameter. Large 
club-shaped forms are seen in morbid 
tissues. Gram-positive. Xon-motile. 
Not acid-fast. 

Substrate mycelium: Initially uni¬ 
cellular and the branches may extend 
into the medium in long filaments or 
may, more or less quickly, exhibit frag¬ 
mentation and characteristic angular 
branching. The latt(;r resembles the 
similar phenomcm)n found in Corynchac- 
terium , 

Colonics:-These exhibit a considerable 
degree of polymorphism but no stable 
variants have been established. Tougher 
in texture than tho.se of Actuiomyces 
bovis. Old colonies wart ed in appearance. 
Adherent to the medium. 

Gelatin: Occasionally scant, flaky 
growth. Xo liuiicfaction. 

Licpiid media: r.sually clear. 

.Vcid from sugars: .Vccording to Slack 
(Jour. Bact., {I, 1941, 193-209) acid from 
glucose, maltose, maniiitel, sucrose and 
lactose; according to Xegroni and Bon- 
figlioli (Physic.s, 15, 1939, 159) acid from 
glucose, galactose, lactose, fructose, mal¬ 
tose, raffino.se, suero.se and xylo.s«' 

Pigments: Xo soluble pigments on 
protein media. Xo iihsolublc pigments 
produced by growth. 

Egg or .serum media: Xo proteolytic 
action. 

Litmus milk: Becomes acid but usually 
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does not clot. No peptonization. Fre- 
(juently no growth. 

No hemolysis. 

Serology: Xo cross agglutination be¬ 
tween 12 human strains and bovine 
strains of Actinomyces, No cross reac¬ 
tions with representative aerobic strains. 

'Optimum temperature 37°C. 

Anaerobic to microacrophilic. 

Source: From 2 cases of human ac¬ 
tinomycosis : (1) A retromaxillary tumor, 
(2) actinomycosis of lung and breast 
(Wolff and Isreal). 

Habitat: From human sources (mouth, 
tonsillar crypts, etc.). Also reported 
from various domestic animals such as 
dogs (Baudot, Ann. Parasit., 1934, 
296) and cats (Edington, Vet. Record., 
14, 1034, 311). 

Appendix: The following names have 
been applied to anaerobic or semi-anaero¬ 
bic .species, with descriptions which do 
not permit clear separation from the 
al) 0 ve or from each other. 

Actinobacteriiim meyeri Prdvot. (An¬ 
aerobe Strcptothrix-.\rt, Meyer, Cent. f. 
Bakt., 1 Abt., Grig., 60, 1911, 75; Prdvot, 
.\nn. In.st. Past., 60, 1938, 303.) From 
fetid pus. 

Actinomyces discofoliatus Griiter. 
(Oruter, Ztschr. f. Augenheilk., IS, 
1933, 477; rcdcscribed by Negroni, 
Mycopathologia, /, 1938, 81.) From 
lachrymal concretion and human infec¬ 
tion. 

Actinomyces lanfranchii Sani. (Sani, 
1916, rpioted from Dodge, Medical My¬ 
cology, .^t. Louis, 1935, 731; Nocardia 
lanfrnnrhii cle Mello and Pais, Arq. Hig. 
Pat. Exot., 6, 1918,178.) From glandu¬ 
lar and ganglionar actinomycosis of the 
o\. Regarded as a variety of Actinomy¬ 
ces hovis, 

Actin')myces thjoeitae Dodge. (Co^ni- 
streptothrix sp. or Streptothrix sp, 
Thj0tta and Gunderson, Jour. Bact., 10, 
1925,1; Dodge, Medical Mycologj*, 1935, 
713.) From the blood in a case of acute 
rheumatism. 
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CohnuiriplolhrhiM$ck€zadw^^ (sie) 
Chahners and Christopherson. (Eine 
Streptothrix, Neschcxadimenko, Cent, f. 
Bakt., I Abt., Orig., 46, 1908, 573; 
Ghalmeni and Chriatophenon, Ann. 
Trop. Med.y 10, 1916, 273; Aetirumyces 
n$$€hez(tdinmki Dodge, Medical My¬ 
cology, 1935,712; Actincbacterium abacea- 
MUB Pi6vot, Ann. Inst. Past., 60, 1938, 
303.) From a human infection. 

DiBcmyeeB carougeaui f^ugerot. 
(Gougerot, Compt. rend. Soc. Biol., 
Paris, 67, 1909,5^; Nocardia carougeaui 
Oastcdlani and Chalmers, Man. Trop. 
Med., 2nd ed., 1913, 817; CohnUtrcpio- 
thrix earogeanui (sic) 'Chalmers and 
Christopherson, Ann. Trop. Med., 10, 
1916,273; Streptothrix carougeaui Qreco, 
Origine des Tumeurs, 1916, 724; Actino- 
myces carougeaui Brumpt, Precis de 
Parasitol., 4th ed., 1927, 1206.) From 
a human infection. 

Diecamycee tkibiergei Ravaut and 
Pinoy. (Ravaut and Pinoy, Ann. Derm, 
et Syph., 10, 1909, 417; Nocardia thu 
bkrgei Outellani and Chalmers, Man. 


Trop. Med., 2nd ed., 1913, 817; Cohni» 
streptothrix thihiergei Pinoy, Bull. Inst. 
Past., 11, 1913, 938; Oospora thihiergei 
Sartory, Champignons Parasites de 
THomme et des Animaux, Fasc. 11,1923, 
792; Actinomyces thibierget Greco, Ori¬ 
gine des Tumeurs, 1916, 723.) From a 
human infection. 

Streptothrix cunicuLi Schmorl. 
(Schmorl, Deutsch. Ztschr. f. Thiermed., 
17, 1891, 375; Actinomyces cuniculi 
Gasperini, Ann. 1st. Ig. sper. Univ. 
Roma, 6, 1892, 222; Cladothrix cuniculi 
Mac4, Trait4 de Bact., 6th ed., 6, 1913, 
753; Cohnistreptothrix cuniculi Chalmers 
and Christopherson, Ann. Trop. Med., 
10, 1916, 273; Nocardia cuniculi Froilani 
de Mello and Fernandes, Mem. Asiatic 
Soc. Bengal, 7,1919,107; Oospora cuniculi 
Sartory, Champignons parasites de 
PHomme et des Animaux, Fasc. 11,1923, 
824.) From infections in rabbits. Gen¬ 
erally regarded as probably identical with 
Spherophorus necrophorus (FlUgge) Pr4- 
vot. See page 678. 
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FAMILY III. STREPTOMYCETACEAE WAKSMAN AND HENRICI.^ 
(Jour. Bact., 4 $, 1943, 339.) 

Vegetative mycelium not fragmenting into bacillary or coccoid forms. Conidia 
borne on sporophores. Primarily soil forms, sometimes thermophilic in rotting 
manure. A few species are parasitic. 

Key to the genera of family Streptomycetaceae. 

I. Conidia produced in aerial hyphae in chains. 

Qenus I. Streptomyeee, p. 929. 

II. Conidia produced terminally and singly on short conidiophores. 

Genus II. Micromonoepora, p. 978. 

Genua /. Streptomyces Wakaman and Henrici, 

(jStreptothrix Cohn, Beitr. zur Biol, der Pflanzen, /, Heft 3, 1875, 186; not Strep- 
tothrix Corda, Prachtflora Europaescher Schimmelbildung, 1839; Nocardia 
Wright, Jour. Med. Research, 15, 1905, 349; Nocardia Winslow et al.. Jour. Bact., 
5, 1917, 554; not Nocardia Trevisan, I generi e le specie delle Batteriacee, 1889, 
9; Cohniatreptoihrix (Group I) 0iBkov, Investigations in the Morphology of the Ray 
Fungi. Copenhagen, 1923, 147; not Cohniatreptoihrix Pinoy, in Li4gard and Lan- 
drieu. Bull. Soc. Opht., 54i 1911, 253 and Bull. Inst. Past.,. 11, 1913, 929; Aerothrix 
Wollenweber (in part), Ber. deut. Bot. Gesel., S9, 1921, 26; Euactinomyees Langeron 
(in part), Nouv. Traits de M4d., 4, 1922; Waksman and Henrici, Jour. Bact., 46, 
1943, 339.) 

Organisms growing in the form of a much-branched mycelium with a typical aerial 
mycelium. Conidiospores formed in chains. Aerobic. Saprophytic soil forms, less 
commonly parasitic on plants or animals. 

This genus can be divided, on the basis of the structure of sporulating hyphae, into 
five groups: 

Group 1. Straight sporulating hyphae, monopodial branching, never producing 
regular spirals. 

Group 2. Spore-bearing hyphae arranged in clusters. 

Group 3. Spiral formation in aerial mycelium; long, open spirals. 

Group 4. Spiral formation in aerial mycelium; short, compact spirals. 

Group 5. Spore-bearing hyphae arranged on mycelium in whorb or tufts. 

The type species is Streptomycea albua (Rossi Doria emend. Krainsky) Waksman 
and Henrici. 

Key to the apeeiea of genua Streptomyces. 

I. Saprophytes; psychrophilic to mesophilic. 

A. Soluble pigment on organic media faint brown, golden-yellow, or blue; 
pigment may abo be absent entirely. 

1. Pigment absent, or faint brown pigment formed at first and bter lost; 

aerial mycelium abundant, white. 

1. Streptomycea albus. 

2. Pigment blue or red, when present. The red (insoluble) phase occurs 

when the reaction b dbtinctly acid, the blue (soluble) phase 
when it b alkaline. 

2. Streptomyces coelicolor, 

♦ Revbed by Prof. S. A. Waksman, New Jersey Experiment Station, Now Bfuns- 
wick. New Jeney aad Prof. A, T. Henrid, Univeidty of KGanaaoto, Minn e^ i e, 
kQaMNto, Mi^r. 1948. 
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3. Pigment at iir.st green beeuining brown; aerial mycelium usually 

absent. 

3 . Slrcptonijjcea vernc. 

4. Pigment yel lo wish-given; growth on synthetic agar penetrating into 

medium, pink. 

4. Slrcptomyces californiens. 

5. Pigmcnl golden-yellow ; growth on synthetic agar yellow, with yellow 

soluble pigment. 

5. Slreptomyccs flareohis. 

0. Pigment brown (only on certain protein media, as gelatin, glucose 
broth). 

a. Grown on synthetic agar red to pink. Scant, white aerial 
mycelium. 

6. Streptomyces hohiline. 

aa. rh*ow*th on synthetic agar colorless; aerial mycelium thin, 
rose-colored. 

7. Streplumyccs roseochromogenus, 

aaa. t^rowth on synthetic agar mouse-gray; ix)wdery aerial myce¬ 
lium. 

8. Streptomyces griscolus. 

aaaa. Grow’th on synthetic agar white turning yellowish, aerial 
mycelium white. 

9. Streptomyces crythrevs. 

B. Soluble yellow pigment on Ca-malatc agar. 

t. Proteolytic action strong in milk and gelatin, 
a. Yellow' pigment formed. 

b. Cellulose decomposed; starch is hydrolyzed. 

10. Streptomyces cellulosae. 
bb. Cellulose not decomix)sod. 

11. Slreptoynyces parvus. 

2. Proteolytic action w’cak 

12. Streptomyces lualcuctmt. 

(*. Soluble browm pigment formed on synthetic agar. 

1. Yellowish-green pigment on potato. 

13. Streptomyces diastaticus. 

2. Red-brown pigment on potato plug. 

14. Streptomyces Jimicanua. 

D. Grceriish-ycllow soluble pigment formed; sulfur-yellow pigment on potato. 

15. Streptomyces Jlamvirvn.'i. 

E. Soluble brow'n pigment formed in all media containing organic substances. 

1. Pigment deep brt»wn (ehi-omogcnic type). 

a. T^igmcnt faint brown on organic media, becoming greenish- 
brown to black; reddish aerial mycelium on glucose agar. 
IG. Streptomyces olivochromogenus. 
aa. Aerial inj'celium yellowish with gray margin; weak diastatic 
action. 

17. Streptomyces iHastatochromogenes. 
iiaa. Aerial mycelium yellowish; diastatic action weak. 

18. Streptomyces flavochromogenes. 

aaaa. Aerial mycelium gray; siwrophores in clusters; strongly anti¬ 
biotic. 


10. Streptomyces antibiotievs. 
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2. Growth and aerial mycelium green on synthetic agar. 

20. Sireptomyces viridochromogenes, 

3. Deep brown to black pigment on synthetic agar. 

a. Orange-red on potato; no aerial mycelium on synthetic agar; 
growing feebly. 

21. Streptomijces purpeochromogen'ua. 

aa. Brown to black on potato; abundant cottony aerial mycelium 
on synthetic agar. 

b. Brown ring on milk culture; coagulated; peptonized. 

22. Streptomyces phaeochromogenus* 

bbb. Black ring on milk; no coagulation; peptonization doubt¬ 
ful. 


F. 


23. Streptomyces aureus. 

c^. Red to rose-red pigment on glucose, maltose, and 
starch agar. 

24. Streptomyces erythrochromogenes. 
c*. Lavender-colored aerial mycelium. 

25. Streptomyces lavendulae. 

c^. Growth on potato gray with black center. 

26. Streptomyces reticuli, 

c*. Growth on potato cream-colored, becoming pink to 
dark red. 

27. Streptomyces rubrireticuli. 
c^. Growth on potato greenish-olive. 

d. Aerial mycelium straw-colored. 

28. Streptomyces flavus. 

dd. Aerial mycelium chrome-orange. 

29. Streptomyces ruber. 

No soluble pigment formed on gelatin or other media. 

1. Proteolytic action strong in milk and gelatin. 

a^. Yellowish-green growth on starch with pinkish aerial mycelium. 

30. Streptomyces citreus. 

a*. Golden-yellow growth, later becoming orange to red-brown, on 
synthetic media. 

31. Streptomyces fulvissimus. 
a*. Cream-colored growth on starch media. 

32. Streptomyces gougeroti. 

a<. Bluish-black color on synthetic media, with white aerial myce¬ 
lium. 


33. Streptomyces violaceoniger. 
a*. Yellowish pigment on potato. 

b. Aerial mycelium thick, powdery, water-green; starch is hy¬ 
drolyzed. 

34. Streptomyces griseus. 

bb. Aerial mycelium white; starch weakly hydrolyzed. 

35. Streptomyces griscojlavus. 

a*. Greenish-black pigment on potato; aerial mycelium white. 

36. Streptomyces alhidoflatms. 

a’. Reddish-brown pigment on potato; aerial mycelium white; 
starch is not hydrolyzed. 

37. Streptomyces poolensis. 
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a*. Gray to sulfur-yellow pigment on potato. 

b. Aerial mycelium mouse-gray to light drab; starch is 
hydrolyzed. 

38. Sireptomyces olivaceus. 
bb. Aerial mycelium yellowish-white. 

39. Sireptomyces lieskei. 
bbb. No aerial mycelium; starch is hydrolyzed. 

40. Sireptomyces microflavus. 
a^. No soluble pigment on potato. 

41. Sireptomyces cacaoi. 

2. Proteolytic action weak. 

a. Soluble pigment formed on synthetic agar, 

b. Pigment blue or blue-black. 

42. Streptomyces novaccaesarcae. 
bb. Pigment brown to black. 

43. Streptomyces exfoliatus. 

44. Streptomyces gelaticus. 
aa. No soluble pigment on synthetic agar. 

b‘. Growth turning black; diastatic action strong. 

c. Growth on synthetic agar scant with abundant 
spirals in aerial mycelium. 

45. Streptomyces rutgersensis. 

cc. No spirals on synthetic agar; characteristic green- 
colored growth on protein-glycerol medium. 

46. Sireptomyces lipmanii. 

ccc. No spirals on synthetic agar; growth dark,almost 
black. 

47. Streptomyces halstedii, 
b*. Moist aerial mycelium, many spirals. 

48. Sireptomyces hygroscopicus. 
b*. Growth orange-colored. 

49. Streptomyces fradiae. 
b^ Growth yellowish. 

50. Streptomyces alboflavus, 

b*. Growth rose to red; aerial mycelium white. 

51. Streptomyces albosporeus. 

b*. Growth cream-colored; aerial mycelium flaky. 

52. Sireptomyces flocculus. 
b^ Growth red; aerial mycelium black. 

c. Complete decomposition of celluIo.se; weakly 
diastatic. 

t 53. Sireptomyces melanosporeus. 

cc. Incomplete decomiwsition of cellulose; strongly 
diastatic. 

54. Streptomyces mclanocyclns. 

3. No proteolytic action or very little. 

a. Acid-resistant strains. 

55. Sireptomyces acidophilus, 

aa. Non-acid-resistant. 

56 . Sireptomyces rubescens. 
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II. Saprophytes; thermophilic. 

A. Starch hydrolyzed. Yellowish growth on potato. 

57. StrepUmyceB thermophUw. 

B. Starch not hydrolyzed. Abundant, dark-colored growth on potato. 

58. Streptamyees thennofu$eu$, 

III. Plant parasites. 

A. Tyrosinase reaction positive; aerial mycelium gray-white. 

59. Streptomycea scabies. 

B. Tyrosinase reaction negative; attaclu sweet potatoes. 

60. StrepUmyces ipomoea. 

IV. Isolated from animal tissues. In the animal body, hyphae often show clavate 

enlargements at the ends. 

A. Limited proteolytic action in gelatin, milk, coagulated egg-albumin or 
fibrin. 

1. Color of vegetative growth golden-brown. 

61. StrepUmyces fordii. 

2. Color of vegetative growth pink* 

a. Sparse white aerial mycelium. 

62. Streptomyces africanus. 

aa. Formation on mycelium of bodies similar to ThennoacHnomyces. 

63. Streptomyces gaUicus. 

aaa. Yellowish-pink growth on potato plug; scant white aerial 
mycelium. 


64. Streptomyces pelletieri. 

3. Color of vegetative growth white. 

65. Streptomyces listeri. 

4. Vegetative growth cream-colored, scant white aerial mycelium. 

66. Streptomyces upcottii. 

5. Growth very limited on various media, except on potato plug; no 

liquefaction of gelatin. 

67. Streptomyces hortonensis. 

B. Strong proteolytic action in gelatin and milk. 

1. No pigment produced. 

a^. No growth on potato plug. 

68. Streptomyces gibsonii. 

a*. Moist, membranous growth on potato plug; diastase formed. 

69. Streptomyces heddardii. 

70. Streptomyces kimberi. 

a*. Extensive growth on potato media; white powdery aerial 


mycelium. 

a^ Abundant growth on potato plug, becoming black; white-gray 
aerial mycelium; plug discolored. 

71. Streptomyces somaliensis. 
a*. Pink-colored growth on some media. 

72. Streptomyces panjae. 

i^t. Profuse white aerial mycelium on most media, spiral formation. 

73. StrepUmyces mllmorei. 


I. Streptomyces albiis (Rossi Doria (^ffrsptofrtx ol6o Rossi Doria, Ann. d^Ist. 
smciid.Kiainsky) WaksmanandHenrici. d*Ig. sper. di. Univ. di Roma, U 1*1 • 
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399; Cladothrix alba Mac4, Traitd Pra¬ 
tique Bact., 3rd ed.^ 1897; Actinoniycea 
alhua Krainsky, Cent. f. Bakt., II Abt., 
41, 1914,662; Nocardia alba Chalmers and 
C^atopherson, Ann. Trop. Med. and 
Parasit., 10, 1916) 270; Waksmait and 
Henrici, Jour. Bact., 40, 1943, 339.) 
From Latin cdbus, white. 

Additional synonyms as given by 
Baldacci (Mycopathologia, 2, 1940, 156): 
Cladothrix dichotoina Mac^, not Cohn, 
1886; Streplothrix foersteri Gasperini, not 
Cohn, 1890; Streplothrix No, 2 and S, 
Almquist, 1890; Actinomyces saprophyti- 
CU8 Gasperini) 1892; Oospora doriae 
Sauvageau and Raclais, 1892; Cladothrix 
liquefaciens Ilessc, 1892 (according to 
Duchd); Cladothrix invulnerabilia Acosta 
and Grande Rossi, 1893; Actinomyces 
chromogenus Gasperini, 1894 (Strepto- 
trix nigra Rossi Doria, 1891); Strepto- 
thrix gedanensis I Schecle and 
Petruschky, 1897; Streplothrix gramme- 
arum Berestneff, 1898; Actinomyces ther- 
mophilis (Bcrc.stnoff) Miche, not Gilbert, 
1898; Cladothrix odorifera Rullinann, 
1898; Actinomyces chromogenes Gasperini 
^ alba Lehmann and Xeuinaiin, 1899; 
Oospora sp, Bodiii, 1899 (according to 
Duchd); Oospora alpha Price-Jones, 1900 
(according to Chalmers and Christopher- 
son); Streplothrix Icucea Foulerton, 1902 
(according to Clialmers and Christopher- 
son); Streplothrix Candida IVlruscliky, 
1903; Streplothrix lathridii Petruschky, 
1903; Streplothrix dassourillci Broeq- 
Rousseau, 1907 (according to Duclu^); 
Streplothrix pyogenes Caminiti, 1907 (ac¬ 
cording to Chalmers and Christopher- 
son); Streplothrix sanninii Ciferri, 1922; 
Actinomyces almquisti Duch5, 1934; 
Actinomyces gougeroti Duch4, 1934. 
Doubtful synonyms: Oospora metchnu 
kowi Sauvageau and Radais, 1892; 
Oospora guignardi Sauvageau and Radais, 
1892; Actinomyces albus Waksman and 
Curtis, 1919; Actinomyces thermodiastat- 
icus Bergcy, (1919) 1925. Varieties: 
Actinomyces albus var. acidus Neukircli, 
1002. (according to Nannizsi); Actino¬ 


myces albus var. ochroUueus Neukirch, 
1902 (according to Wollenweber); Ac¬ 
tinomyces albus var. toxica Rossi, 1005; 
Actinomyces albus var. cretaeeus 
(Kroger) Wollenweber, 1920; Actino¬ 
myces cUbus var. a Ciferri, 1927. 

More complete information regarding 
these species will be found in the text or 
in the Appendix to Genus Streptomyces, 

The description of this species by 
Rossi Doria is incomplete. The charac¬ 
ters given below are taken from Krainsky 
(foe. cit,) with some supplementary in¬ 
formation from later authors. Other de¬ 
scriptions which may vary from this in 
certain details are given by Waksman and 
Curtis (Soil Sci., 1, 1916, 117), Bergcy 
et al. (Manual, 1st ed., 1923, 367), 
Duchd (Les actinomyces du groupc albus, 
Paris, 1034, 257) and Baldacci {loc. cit.). 

Vegetative hyphae: Branched, 1 micron 
in diameter. 

Aerial mycelium: Abundant, white. 
Hyphae 1.3 to 1.7 microns in diameter 
with ellipsoidal sf^ores (1 micron long) 
in coiled chains on lateral branches of 
the aerial hyphae. 

Gelatin: Liquefaction. Colonies gray, 
no soluble pigment. 

Ca-malate agar: Colonies of medium 
size, the center only is covered with a 
white aerial mycelium. 

Starch agar: Aerial mycelium white 
but covers the whole surface. 

Glucose agar; Gray aerial mycelium 
iMJCOining brownish. 

Peptone and bouillon agar: No aerial 
mycelium but a chalky white deposit 
forms on old colonies. 

Odor: Earthy or musty. 

Broth: Flaky growth on bottom with 
surface pellicle in old cultures. 

Potato: Colonies and aerial mycelium 
white. 

Carrots and other vegetables : Excel¬ 
lent growth (Duch5). 

No growth on cellulose. 

No hydrolysis of starch. 

Actively proteolytic. 

Nitrites produced from nitrates. 
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Milk: Peptonized after coagulation. 
Reaction becomes alkaline (Duch^), 

Aerobic. 

Source: From air and soil (Rossi 
Doria); from garden soil (Krainsky). 

Habitat: Dust, soil, grains and straw. 
Widely distributed. 

2. Streptomyces coelicolor (llcincr> 
Muller) comb. nov. {Strepiotkrix coelicolor 
Reiner-Miiller, Cent. f. Bakt., I Abt., 
Orig., 1908, 197; Nocardia coelicolor 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 271; 
Aciinomycea coelicolor Lieske, Morphol. 
u. Biol. d. Strahlenpilzc, Leipzig, 1921, 
28.) From Latin caelvm, sky and color. 
color. 

Regarded by the authors of this section 
as the same as Actinotntfces violaceus 
Waksman and Curtis, Soil Science, i, 
1916, 110 (Actinomyces violaceus-ruber 
Waksman and Curtis, ibid., 127; Actino¬ 
myces wakamanii Bergey et al.. Manual, 
3rd cd., 1930, 489) and Actinomyces tri¬ 
color Wollenweber, Arbeiten d. For- 
schungsinstitut ftir Iwtoffelbau, 1920, 
13. It is, however, pointed out by J. E. 
Conn (Jour. Bact., 4^, 1943, 133) that 
certain differences between the descrip¬ 
tions of Waksman and Curtis, and that of 
Mfiller may correspond to actual chemical 
differences in the pigments produced; 
and that the organism of Waksman and 
Curtis may be a seimrate species. 

Description by Miiller except as 
noted. 

Morphology of Streptomyces coelicolor 
has not been fully described. According 
to Waksman and Curtis who described 
Actinomyces viola 4 :cu 8 -ruber, this is as 
follows: Straight filaments with oi)en, 
dextrorse spimls, breaking up into coni- 
dia. Conidia oval or rod -shaped, 0.7 to 1.0 
by 0.8 to 1.5 microns. 

Gelatin: Good growth. Xo pigment 
formation. Liquefaction fairly rapid, 
beginning in 4 to 7 days. 

Plain agar: Good growth. Pigment 
lacking or faint blue (Conn). 


Czapek agar (according to Waksman 
and Curtis concerning Actinomyces viola- 
ceus-ruber): Thin, spreading, colorless at 
first, becoming red, then blue. Aerial 
mycelium thin, white, powdery, becom¬ 
ing mouse-gray. 

Asparagine agar (synthetic): With 
glycerol :is source of carbon, good growth, 
violet to deep blue, with pigment diffus¬ 
ing through medium; final 11-ion con¬ 
centration about pH 7.0 to 8.0. With 
glucose as source of carbon, poorer 
growth, red, no diffusion of pigment; 
final H-ion concentration about pH 6.0 
to 5.0 (Conn). 

Broth: Good growth. Cretaceous layer 
around edge. 

Milk: No change at 25®C (Conn). 
At 37®C, coagulation. Peptonization be¬ 
ginning in 3 to 5 days. 

Potato: Strong pigment production, 
sometimes greenish-blue or violet, but 
usually sky-blue, diffusing through me¬ 
dium and coloring water at base of tube. 

Nitrites produced from nitrates. 

Blood agar: Hemolysis showing on 4th 
day. 

Muller reports no acid from carbohy¬ 
drates on organic media. Ck>nn, however, 
finds acid from glucose and lactose, and 
sometimes from sucrose and mannitol 
when grown on synthetic juedia. 

Pigment: The most striking charac¬ 
teristic of this organism is a litmus-like 
pigment usually produced on potato or 
synthetic media, which is deep blue and 
water-soluble at alkaline reactions (be¬ 
yond pFI 8.0), violet around neutrality, 
and red (insoluble in water) at about pH 
6.0. Conn points out that the primary 
pigment has a s|xictropliotometric curve 
almost identical with that of azolitmin; 
but that there are undoubtedly other pig¬ 
ments produced, especially in the case of 
the strains believed to be typical of 
Actinomyces violaccus-rnher (as pre¬ 
viously |K>intcd out by Waksman and 
Curtis), 

Good growth at room temperatqrc aiul 
at 37®C. 
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Aerobic. 

Dietinetiye character: litmus^like pig¬ 
ment. 

Source: Dust contamination on a 
potato slant. 

Habitat: Soil and plant surfaces. 
Very abundant. 

Nom: Because of the numerous colors 
and shades shown by the pigment ac¬ 
cording to final H-ion concentration and 
other less understood factorsi this species 
may have been described under various 
names. On the other hand, it is entirely 
possible, as pointed out by Conn (loc. 
ciQt that careful study of the pigments 
may show that more than one species is 
actually involved. 

3. Streptomyces veme (Waksman and 
Curtis) comb, nov, {Actinomyces veme 
Waksman and Curtis, Soil Science, f, 
1916, 120.) Derivation uncertain. 

Filaments with close branching of the 
hyphae. No conidia demonstrated. 

Gelatin stab: Small, cream-colored 
colonies. Rapid liquefaction. 

Synthetic agar: Abundant, spreading, 
wrinkled, elevated, glossy, yellowish 
growth, becoming brownish, lichenoid 
margin. 

Starch agar: Scant, brownish, re¬ 
stricted growth. 

Glucose agar: Abundant, much folded 
growth, center raised, gray with purplish 
tinge, entire. 

Plain agar: Small, grayish colonies with 
depressed center, becoming wrinkled. 

Glucose broth: Slightly flaky sediment. 

Litmus milk: Pinkish-brown ring; 
coagulated; peptonized, with alkaline 
reaction. 

Potato: Cream-colored growth, be¬ 
coming gray, wrinkled. 

Nitrites produced from nitrates. 

Soluble brown pigment formed.'Sol¬ 
uble green pigment produced when 
freshly isolated. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37*0. 


Source: Isolated once from upland 
California soil. 

Habitat: Soil. 

4. Streptomyces caUfornicus (Waks¬ 
man and Curtis) comb. nov. {Actinomyces 
caUfornicus Waksman and Curtis, Soil 
Science, i, 1916,122.) Named for the 
State of California. 

Filaments with long, narrow, open 
spirals. Spherical to oval conidia from 
straight and spiral hyphae. 

Gelatin stab: Gray, moist, abundant 
surface growth. Liquefaction in 30 days. 

Synthetic agar: Spreading, vinaceous- 
colored growth. Aerial mycelium pow¬ 
dery, thin, light neutral gray. 

Starch agar: Growth spreading, pink 
center with colorless to gray margin. 

Glucose agar: Restricted, much folded, 
cream-colored growth, with sulfur-yellow 
tinge. 

Plain agar: Thin, restricted, yellowish 
to cream-colored growth. 

Glucose broth: Solid cream-colored 
mass on surface, with pink tinge. 

Litmus milk: Faint, brownish surface 
growth; coagulated; peptonized in 40 
days. 

Potato: Glossy, yellow to red growth, 
turning red-brown. 

Nitrites produced from nitrates. 

No soluble pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37 *C. 

Source: Isolated once from California 
sandy loam. 

Habitat: Soil. 

5. Streptomyces flaveolus (Waksman) 
comb, nov, (Actinomyces 168, Waksman, 
Soil Science, 3, 1919, 134; Actinomyces 
flaveolus Waksman, in Manual, 1st ed., 
1923, 368; Actinomyces heimi Duch4, 
Actinomyces du groupe albus. Encyclo- 
p4die Mycologique, Paris, 3, 1934, 369.) 
From Latin flavus, yellow and eoliis, 
diminutive ending; hence, somewhat 
yellow. 
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Numerous closed and open spirals on 
all media. Conidia oval to elliptical. 

Gelatin stab: Liquefied; abundant, 
yellowish, spreading pellicle. 

Synthetic agar: Growth light sulfur- 
yellow turning to cadmium-yellow, pene¬ 
trating deep intermedium. Aerial my¬ 
celium as white to ash-gray patches. 

Starch agar: White, spreading growth. 

Glucose agar: Restricted growth, sur¬ 
face folded, raised. 

Plain agar: White, glistening, wrinkled 
growth. 

Glucose broth: Thin, yellow pellicle. 

Litmus milk: Sulfur-yellow ring; co¬ 
agulated; peptonized, with faintly alka¬ 
line reaction. 

Potato: Abundant, wrinkled, cream- 
colored growth. 

Nitrites produced from nitrates. 

Soluble empire-yellow pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25'’C. 

Habitat: Soil. 

6. Streptomycesbobiliae(WakBmanand 
Curtis) comb. nov. (Actinomyces hobili 
Waksman and Curtis, Soil Science, /, 
1916, 121.) From the name of a person. 

Mycelium with branching hyphae. 
Few close spirals of a dextrorse type. 

Gelatin stab: Dense, cream-colored to 
brownish surface growth. Rapid lique¬ 
faction. 

Synthetic agar: Abundant, glossy, 
wrinkled, elevated, coral-red growth 
becoming deep red. Scant, white aerial 
mycelium. 

Starch agar: Restricted, finely 
wrinkled, coral-red growth with hyaline 
margin. 

Plain agar: Restricted, glossy, gray 
growth, becoming brownish. 

Glucose broth: Round colonies in fluid. 
Flaky sediment. 

Litmus milk: Dark brown ring. No 
coagulation. Peptonized. 

Potato: Thin, yellowish growth, be¬ 
coming red, dry and wrinkled. 


Nitrites produced from nitratee. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37^C. 

Source: Isolated once from adobe and 
garden soils. 

Habitat: Soil. 

7. Streptomyces roseochromogenos 

(Jensen) comb . not;. (Actinomyces roseus 
Krainsky, Cent. f. Bakt., II Abt., 
1914, 662; Waksman and Curtis, Soil 
Science, 1 , 1916, 125; Waksman, Soil 
Science, 3, 1919, 148; not Actinomyces 
roseus Namyslowski, Cent. f. Bakt., I 
Abt., Orig., 62, 1912, 567; Nocardia rosea 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 270; 
Actino^nyces roseoehromogenus Jensen, 
Proc. Linnean Soc. New So. Wales, 66 , 
1931, 359.) From Latin, producing rose 
color. 

Filaments with numerous open and 
closed spirals. Conidia 1.0 to 1.2 by 1.5 
to 3.0 microns. 

Gelatin stab: Liquefaction, with small, 
cream-colored colonies in bottom of 
liquid. 

Synthetic agar: Thin, spreading, color¬ 
less growth. Aerial mycelium thin, pale, 
brownish. 

Starch agar: Colorless, spreading 
growth. 

Glucose agar: Growth extensive, 
spreading, colorless, entire. 

Plain agar: White growth, becoming 
yellowish. 

Glucose broth: Cream-colored ring, 
with flaky sediment. 

Litmus milk: Brownish ring. No co¬ 
agulation. Peptonized in 10 to 15 days, 
becoming strongly alkaline. 

Potato: Much wrinkled, brownish 
growth. 

Nitrites produced from nitrates. 

Purple pigment on egg media; brown on 
gelatin. 

Starch is hydrolyzed. 

Aerobic. 
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Optimum temperature 37^0. 

Habitat: Soil. 

8. Streptomyces grlseolus (Waksman) 
com6. nav. (Actinomyces 96, Waksman, 
Soil Science, 8, 1919, 121; Actinofnycea 
griteolua Waksman, in Manual, 1st ed., 
1923,360.) From Latin griaeuSy gray and 
eahtSf diminutive ending; hence, some- 
what gray. 

Branching mycelium; no spirals ob¬ 
served. Conidia spherical or oval¬ 
shaped. 

Gelatin stab: Liquefied with yellowish, 
flaky pellicle and sediment. 

Synthetic agar: Colorless, thin, spread¬ 
ing growth, chiefly in the medium; sur¬ 
face growth limited almost entirely to the 
aerial mycelium. Aerial mycelium at 
first gray, later becoming pallid, neutral- 
g»y. 

Starch agar: Grayish-brown growth, 
with dark ring. 

Glucose agar: Spreading growth, both 
on the surface and into the medium; 
center raised, cream-colored, turning 
dark. 

Plain agar: Brownish growth, with 
smooth surface. 

Glucose broth: Thick, brown ring. 

Litmus milk: Abundant growth, pink 
pellicle; coagulated; peptonized, becom¬ 
ing alkaline. 

Potato; Cream-colored growth, becom¬ 
ing black, spreading. 

Nitrites produced from nitrates. 

Faint brownish soluble pigment 
formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25^C. 

Habitat: Soil. 

9. Streptomyces erythreus (Waksman) 
comb. nov. (Actinomyces 161, Waksman, 
Soil Science, 8, 1919, 112;* Actinomycea 
eryikreuB Waksman, in Manual, 1st ed., 
1923, 370; AcHnomyeea krainakii Duch4,* 
EncyclopMie Mycoloipque, Paris, 8, 
1934,300.) From Greek erythrua, red. 


Mycelium fine, branching; numerous 
open spirals formed as side branches of 
the main hyphae. 

Gelatin stab: Abundant, dense, gray 
growth with pinkish tinge, chiefly on sur¬ 
face of liquefied medium. 

Synthetic agar: Spreading growth with 
irregular margin, developing deep into 
the medium; color at first white, later 
turning yellowish, agar around growth 
has a white, milky surface. Aerial myce¬ 
lium, thick, solid, white. 

Starch agar: Cream-colored, circular 
colonies, with faint greenish tinge. 

Glucose agar: Abundant, spreading, 
cream-colored growth, later turning 
brown chiefly on surface; center raised, 
lobate margin. 

Plain agar: Cream-colored growth. 

Glucose broth: Abundant, cream- 
colored surface growth. 

Litmus milk: Yellowish surface zone; 
coagulated; peptonized, becoming alka¬ 
line. 

Potato: Wrinkled, cream-colored 

growth, becoming yellowish. 

Nitrites produced from nitrates. 

Soluble purple pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Similar to SlrepUmycea erytkrochromo- 
genea (Species No. 24) except that no 
brown soluble pigment is formed. 

Source: From California and Hawaiian 
soils. 

Habitat: Soil. 

10. Streptomyces cellulosae (Krain- 
sky) comb, nov. (Actinomycea celluloaae 
Krainsky, Cent. f. Bakt., II Abt., it, 
1914, 662.) From M. L. celluloaay cellu¬ 
lose. 

Conidia almost spherical, 1.3 microns 
in diameter, often arranged in chains. 

Gelatin colonies: Circular, yellowish. 

Gelatin stab: Liquefied. 

Plain agar: White aerial mycelium. 
Ca-malate agar: Yellowish colonies; 
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gray aerial mycelium. Soluble yellow 
pigment formed. 

Qlucoee agar; Abundant growth, gray 
aerial mycelium. Soluble yellow pig- 
ment. 

Starch agar: Same as on glucose agar. 

Glucose broth: Coarse, flaky growth. 
Yellow pigment. 

Litmus milk; Peptonized. 

Potato: Light gray growth; gray aerial 
mycelium. 

Nitrates show slight reduction. 

. Strong diastatic action. Esculin is hy¬ 
drolyzed. 

Cellulose is decomposed. 

Aerobic. 

Optimum temperature 30® to 36®C. 

i^bitat: Soil. 

11. Streptomyces parvus (Krainsky) 
comb, nav, {Actinomyces parvus Krainsky, 
Cent. f. Bakt., II Abt., 41, 1914, 662; 
Nocardia parva Chalmers and Chris- 
topherson, Ann. Trop. Med. and Para- 
sit., 10, 1916, 268.) From Latin parvus, 
small. 

Conidia more or less oval, 0.9 to 1.3 
by 1.2 to 1.8 microns. 

Gelatin: Colonies yellow. Slow lique> 
faction. 

Ca-malate agar: Small, yellow colonies 
with light yellow aerial mycelium. 

Glucose agar: Same as on Ca-malate 
agar. 

Starch agar: Same as on Ca-malate 
agar. 

Glucose broth: Hemispherical colonies 
in bottom of tube. 

Litmus milk: Peptonized. 

Nitrate slightly reduced. 

Moderate diastatic action. 

Cellulose not decomposed. 

Aerobic. 

Optimum temperature. 

Source: Garden soil. 

Habitat: Soil. 

12. Streptomycel malenconli (Duch6) 
eom6. nov. {Actinomyces fMdenconi 
Duohd, EncyclopWieMycologique, Paris, 


6 , 1934, 353.) Named for Mr. Maleupon 
from whom the original culture was 
obtained. 

Gelatin: Poor growth; liquefaction. 

Asparagine glucose agar: Rapid opaque 
growth, later becoming covered with 
white aerial mycelium; amber-colored 
pigment, dissolved in medium. 

Peptone agar: Cream-colored lobous 
growth, covered with whitish aerial my¬ 
celium. 

Asparagine glucose solution: Long, 
much branching filaments, 0.5 to 0.7 
micron; somewhat heavier aerial myce¬ 
lium with a few irregular conidia; some 
flaky growth on bottom of tube; surface 
growth is cream-colored with rare white 
aerial mycelium; liquid becomes slightly 
yellow. 

Peptone solution: Whitish growth with 
yellowish soluble pigment. 

Milk; Surface growth with whitish 
aerial mycelium; slow peptonization, 
liquid becoming brownish-colored. 

Potato: Rapid growth with thin white. 
mycelium; no soluble pigment. 

Coagulated serum: Radiating cream- 
colored growth covered with white aerial 
mycelium; slow liquefaction. 

No pigment on tyrosine medium. 

Source: Culture obtained from Mr. 
Malen^on, an inspector in Morocco. 

13. Streptomyces dlastaticus (Krain¬ 
sky) comb, nov. {Actinomyces diastait- 
cus Krainsky, Cent. f. Bakt., II Bakt., 
41 , 1914, 662; Waksman and Curtis, Soil 
Science, /, 1916, 116.) From, M. L. 
diastaticus, diastatic. 

Actinomyces roseodiastaticus Duch5, 
Encyclopedic Mycologique, Paris, 6, 1934, 
329 is said to differ from both Kreun- 
sky’s, and Waksman and Curtis’ strains. 

Filaments may show fine, long, narrow 
spirals. Conidia oval, 1.0 to 1.2 by 1.1 
to 1.5 microns. 

Gelatin stab: Liquefied with small, 
cream-colored flakes in liquid. 

Synthetic agar: Thin, gray, spreading 
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growth. Aerial mycelium white, becom* 
log drab grgy. 

Starch agar: Thin, colorless, spreading 
growth. Aerial mycelium gray. 

Glucose agar: Yellowish, spreading 
growth. No aerial mycelium. 

Plain agar: Cream-colored growth. 
Thin aerial mycelium. 

Glucose broth: Gray ring with grayish 
colonies in bottom of tube. 

litmus milk: Brownish ring; coagu¬ 
lated; peptonised in 25 to 30 days, becom¬ 
ing faintly alkaline. 

Potato: Abundant, wrinkled, cream- 
colored growth with greenish tinge. 

Nitrites produced from nitrates. 

Brown to dark brown soluble pigment 
formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37^0. 

Habitat: Soil. 

14. Streptomycea fimicarius (Duch4) 
comb. nov. (Actinomyces fimicarius 
Duch4, Encyclopedic Mycologique, Paris, 
d, 1034, 346.) From Latin fimus, dung 
and eartis, loving. 

Gelatin: Punctiform colonies with 
whitish aerial mycelium; reddish soluble 
pigment. Liquefaction. 

Asparagine agar: Cream-colored growth 
with whitish aerial mycelium; reverse 
side, cream-colored to slight ochre. 

Czapek’s agar: Yellowish masses of 
growth with yellowish-white aerial my¬ 
celium; reverse side orange-colored; faint 
yellowish soluble pigment. 

Peptone agar: Cream-colored growth 
with white aerial mycelium; reverse side, 
yellowish. 

Asparagine solution; Vegetative fila¬ 
ments 0.5 to 0.6 micron long; branching 
aerial mycelium 0.8 to 1.0 micron, forming 
numerous conidia; flaky growth produced 
on bottom; surface growth becomes cov¬ 
ered with a white aerial mycelium; re- 
veise side, brownish-red. 

Czapek’s solution: Cream-colored 


punctiform growth with yellowish aerial 
mycelium; no soluble pigment. 

Peptone solution: Whitish.growth that 
flakes throughout liquid; yellowish pig* 
ment. 

Tyrosine medium: White growth with 
yellowish reverse; yellowish soluble pig¬ 
ment. 

Milk: Colorless growth becoming cov¬ 
ered with whitish aerial mycelium; slow 
peptonization of milk which becomes rose- 
colored, finally changing to brownish-red. 

Potato: Cream-colored to yellor *sh 
growth with whitish aerial mycelium; 
reddish-brown pigmentation of plug. 

Coagulated serum: Cream-colored 
growth with whitish aerial mycelium; 
rapid liquefaction of serum. 

Distinctive characters: Abundant 
growth upon neutral and acid media; 
whitish aerial mycelium; marked odor; 
soluble brownish-red pigment. This spe¬ 
cies seems to form the transition type 
between the Actinomyces alhus group and 
the Actinomyces chromogenus group. 

Habitat: Found abundantly in manure. 

15. Streptomyces flavovirens (Waks- 
man) comb. nov. (Actinomyces 128, 
Waksman, Soil Science, 8, 1919, 117; 
Actinomyces flavovirens Waksman, in 
Manual, 1st ed., 1923, 352; Actinomyces 
alboviridis Duch5, Encyclop6die Mycd- 
logique, Paris, 8,1934,317.) From Latin 
flavuSf yellow and virens, becoming green. 

Large masses of minute tufts; the hy- 
phae coarse, straight, short, relatively 
unbranched, beaded; open spirals may be 
produced in certain sutetances. Conidia 
spherical, oval to rod-shaped, 0.75 to 1.0 
by 1.0 to 1.5 microns. 

Gelatin stab: Yellowish-green surface 
pellicle, consisting of a mass of small 
colonies, on the liquefied medium. 

Synthetic agar: Growth spreading deep 
into the substratum, yellowish with 
greenish tinge. Aerial mycelium, gray, 
powdeiy. 

Starch agar: Greenish-yellow, spread¬ 
ing growth, developing deep into the 
medium. 
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Glucose a^: Restricted growth, de¬ 
veloping only to a very small extent into 
the medium, yellow, turning black, edge 
entire. 

Plain agar: Yellowish growth; the re¬ 
verse dark in center with yellowish zone 
and outer white zone. 

Glucose broth: Thick, sulfur-yellow 
pellicle or ring. 

Litmus milk: Cream-colored to brown¬ 
ish ring; coagulated; peptonized, becom¬ 
ing faintly alkaline. 

Potato: Sulfur-yellow, wrinkled 

growth. 

Only a trace of nitrite is formed from 
nitrates. 

Greenish-yellow soluble pigment 
formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

16. Streptomyces olivochromogenus 

(Bergey et al.) comh, nov» (Aclinomyces 
chromogenuB 205, Waksman, Soil Science, 
8 , 1919, 106; Actinomyces olivochromog¬ 
enus Bergey et al.. Manual, 2nd ed., 1925, 
368.) From Greek, producing an olive 
color. 

Filaments with numerous close spirals. 
Conidia oval or elliptical. 

Gelatin stab: Cream-colored, spreading 
surface growth. Rapid liquefaction. 

Synthetic agar: White, spreading 
growth. Aerial mycelium ash gray with 
brownish tinge. 

Starch agar: Transparent, spreading 
growth. 

Glucose agar: Abundant, natal brown 
to almost black growth, entire margin. 

Plain agar: Wrinkled, brown growth, 
becoming gray-green 

Glucose broth: Thin, brown growth, 
flaky sediment. 

Litmus milk: Dark brown ring; coagu¬ 
lated; peptonized, becoming alkaline. 

Potato: Small, wrinkled, black colonies. 

Faint traces of nitrites formed from 
nitrates. 


Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Habitat: Soil. 

17. Streptomyces diastatochromo* 
genes (Krainsky) cornb.*nov, {Actino¬ 
myces diastatochromogenes Krainsky, 
Cent. f. Bakt., II Abt., H, 1914, 662.) 
From Greek, probably intended to mean 
producing both diastase and color. 

Conidia spherical or oval, about 1.2 
microns. 

Gelatin colonies: Light gray-colored. 

Gelatin stab: Liquefied. 

Plain agar: Medium-sized colonies, 
with white to gray aerial mycelium. 

Ca-malate agar: Medium-sized colonies, 
colorless, with gray aerial mycelium. 

Glucose agar: Same as on Ca-malate 
agar. 

Starch agar: Same as on Ca-malate agar. 

Glucose broth: Flaky colonies in depth 
at first, later also over surface. 

Potato: Light gray colonies; gray aerial 
mycelium; medium colored black. 

Soluble brown pigment formed in 
gelatin. 

Weakly diastatic. 

No growth on cellulose. 

Tyrosinase formed. 

Aerobic. 

Optimum temperature 35*’C. 

nkbitat: Soil. 

18. Streptomyces flavoclu’omogenes 

(Krainsky) comb, nov. (Aetinomyees 
flavochromogenes Krainsky, Cent. f. 
Bakt., II Abt., 1914, 662.) From 
Latin Jfavus, yellow and Greek, produc¬ 
ing color. 

Conidia oval, 1.7 microns. 

Gelatin colonies: Yellowish colonies. 

Gelatin stab: Slight liquefaction. 

Plain agar: Aerial mycelium formed 
late, at first white, later gray. Gray 
soluble pigment formed. 

Ca-malate agar: Colonies yellow with 
white aerial mycelium forming late. 
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Glucose agar: Brown soluble pigment 
formed. 

Starch agar: Yellow colonies, with 
w'hite aerial mycelium. 

Glucose broth; Fine flakes, with small 
spherical colonies adherent to glass. 
Medium colored brown. 

Potato: Yellow colonies, with white 
aerial mycelium. 

Nitrites produced from nitrates. 

Weakly diastatic. Esculin acted upon. 

Slow growth on cellulose. 

Tyrosinase formed. 

Aerobic. 

Optimum temperature 35^0. 

Habitat: Soil. 

19. Streptomyces antlbioticus (Waks- 
man and Woodruff) comb. nov. (Actino¬ 
myces antibioticus Waksman and Wood¬ 
ruff, Jour. Bact., 4^, 1941, 232 and 246.) 
From Greek, antibiotic. 

Spore-bearing hyphae produced in the 
form of straight aerial hyphae. The 
conidiophores are arranged in clusters; no 
spirals formed. The conidia are nearly 
spherical to somewhat elliptical. 

Gelatin: Dark brown growth on surface, 
with patches of gray aerial mycellium. 
Dark pigment produced, which gradually 
diffuses into the unliquefied part of the 
gelatin. Liquefaction at first very slow, 
later becoming rapid. 

Czapek’s agar: Thin, whitish growth. 
Thin, gray aerial mycelium. 

Peptone media: Production of dark 
pigment at,early stage of growth is very 
characteristic. Grow*th brownish, thin, 
with a yellowish-gray to yellowish-green 
aerial mycelium. 

Potato plug: Folded, brown-colored 
growth, with a thin black ring on plug, 
fading into a bluish tinge. No aerial 
mycelium. 

Carrot plug: Cream-colored to faint 
brownish growth. No aerial mycelium. 
No pigment. 

Litmus milk: Thick, brownish ring bn 
surface of milk. Mouse-gray aerial my¬ 
celium with greenish.tinge; growth be¬ 


comes brown, especially in drier portions 
adhering to glass. No reaction change, 
no coagulation of milk, no clearing; whit¬ 
ish sediment at bottom of tube. Old cul¬ 
tures : Heavy growth ring on surface of 
milk, heavy precipitation on bottom; li¬ 
quid brownish to black in upper portion. 

Odor: Very characteristic soil odor. 

Antagonistic properties: Has a marked 
ant^nistic effect on Gram-positive and 
Gram-negative bacteria, much more on 
the former than on the latter, as well as on 
actinomycetes. It is also active against 
fungi, which vary in degree of sensitivity. 
Produces a specific bacteriostatic and 
bactericidal substance known as actino- 
mycin (Waksman and Woodruff, Jour. 
Bact., 40y 1940, 581). 

Source: Isolated from soil on Escheri¬ 
chia cofi-washed-agar plate, using living 
cells of E. coli as the only source of avail¬ 
able nutrients. 

Habitat: Soil. 

20. Streptomyces vlridochromogenes 
(Krainsky) comb . nov. (Actinomyces vir- 
idochromogenes Krainsky, Cent. f. Bakt., 
II Abt., 1914, 662; Wakt»man and 
Curtis, Soil Science, f, 1916,114.) From 
Latin, green and Greek, producing 
color. 

Filaments with numerous open spirals, 
3 to 5 microns in diameter, occurring as 
side branches and terminal conidia, short 
ovals or spheres, 1.25 to 1.5 microns. 

Gelatin stab: Cream-colored surface 
growth, becoming greenish. Slow lique¬ 
faction. 

Synthetic agar: Spreading growth, 
cream-colored with dark center, becoming 
dark green; reverse yellowish to light 
cadmium. Aerial mycelium abundant, 
spreading, white, becoming light green. 

Starch agar: Circular, spreading, yel¬ 
lowish colonies. 

Glucose agar: Abundant, spreading, 
wrinkled, gray growth, becoming black. 

Plain agar: Abundant, restricted, gray 
growth, with greenish tinge. 
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Glucose broth; Dense, solid ring, 
brownish, becoming dark green. 

Litmus milk: Dark brown surface 
growth; coagulated; peptonized, with 
faintly alkaline reaction. 

Potato: Abundant, gray-brown growth. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Habitat: Soil. 

21. Streptomyces purpeochromogenus 

(Waksman and Curtis) comb. nov. (Ac- 
tinomyces purpeochromogenus Waksman 
and Curtis, Soil Science, /, 1916, 113.) 
From Tjatin, purple and Greek, producing 
color. 

Branching mycelium and hyphae with 
few imperfect spirals. Conidia spheri¬ 
cal, 0.76 to 1.0 micron in diameter. 

Gelatin stab: Slow, brownish surface 
growth. Slow liquefac;i^n. 

Synthetic agar: Sk»w, restricted, 
smooth, gray growth, becoming brown 
wdth purplish tinge; center raised. 
Margin yellow. 

Starch agar: Small, dark brown colonies. 

Glucose agar: Abundant, restricted, 
gray growth, becoming brown to dark 
brown. 

Plain agar; Gray to brownish growth, 
becoming dark brown, almost black. 

Glucose broth: Slight, flaky sediment. 

Litmus milk; Dark-brown ring; coagu¬ 
lated; slowly peptonized, with faintly 
alkaline reaction. 

Potato: Restricted, orange to orange- 
red growth. 

Nitrites not produced from nitrates. 

Soluble dark brown pigment formed. 

Starch shows slight hydrolysis. 

Aerobic. 

Optimum temperature 25*’C. 

Source; Isolated once from California 
adobe soil. 

Habitat: Soil. 


22. Streptomyces phaeochromofenifs 

(Conn) comb. nov. (Actinomyces pheo- 
ckromogenus (sic) Conn, N. Y. State 
Agr. Exp. Sta. Tech. Bull. No. 00, 1917, 
16.) From Greek, producing a brown 
color. 

Branching filaments and hyphae, 
spirals narrow, open, elongated, sinis- 
trorsc. 

Gelatin stab: Abundant, spreading, 
cream-colored surface grow'th, becoming 
brown. Slow liquefaction. 

Synthetic agar; Colorless growth, be¬ 
coming brown to almost black. Aerial 
mycelium abundant, w^hite with brownish 
shade. 

Starch agar: Spreading, brownish 
growth, becoming brown. 

Glucose agar: Restricted, much folded, 
brown growth. 

Plain agar: Thin, cream-colored growth, 
becoming gray. 

Glucose broth: Dense, wrinkled 
pellicle. 

Litmus milk: Dark, almost black ring; 
coagulated, with slow peptonization, 
faintly alkaline reaction. 

Potato: Brown to almost black grow th. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Source: Isolated from soil. 

Habitat: Soil. 

23. Streptomyces aureus (Waksman 
and Curtis) comb. nov. (Actinomyces 
aurea.s Waksman and Curtis, Soil Science, 
f, 1916,124; not Aciimmyces aurea Ford, 
Textb. of Bact., 1927, 220.) From Latin 
aureusf golden. 

Mycelium shows numerous spirals. 
Conidia spherical to oval, 0.6 to 1.0 by 
0.8 to 1.4 microns. 

Gelatin stab: Fair, cream-colored sur¬ 
face growth, becoming brown, spreading. 
Liquefied. 

Synthetic agar: Thin, spreading, oolor- 
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less growth. Aerial mycelium thiUi gray, 
powdery, becoming cinnamon drab. 

Starch agar: Thin, transparent, spread¬ 
ing growth. 

Glucose agar: Spreading, light orange 
growth, raised center, hyaline margin. 
Plain agar: Restricted, gray growth. 
Glucose broth: Thin, brownish ring; 
flaky sediment. 

Litmus milk: Black ring. No coagula¬ 
tion. Peptonization doubtful. 

Potato: Abundant, wrinkled, brown 
growth, becoming black. 

Nitrites produced from nitrates. 
Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25^0. 

Source: Isolated many times from a 
variety of soils. 

Habitat: Soil. 

24. Streptomyces erythrochromogenes 

(Krainsky) comb. nov. (Actinomyces ery- 
throckromogenes Kniimky, Cent. f. Bakt., 
II Abt., 4f 1 1914,662; Waksmanand Cur¬ 
tis, Soil Science, 1, 1916, 112.) From 
Greek, producing a red color. 

Conidia oval, about 2.0 microns long. 
Gelatin colonies: Slow growth. 

Gelatin stab: Liquefied. A soluble 
brown pigment formed. 

Plain agar: Brown soluble pigment. 
White aerial mycelium. 

Ca-malate agar: Colonies circular,* with 
grayish-white margined aerial mycelium. 
Glucose agar: Red pigment formed. 
Starch agar: A soluble rose pigment on 
old cultures. 

Glucose broth: Abundant growth. 
Floating colonies, later a pellicle is 
formed. Brown soluble pigment. 

Potato: Gray aerial mycelium. 

Medium colored black. 

Nitrates show slight reduction. 

Weakly diastatic. 

No proteolytic;enzyme formed. 

No growth in cellulose. 

Aerobic. 

Optimum temperature 30^C. 


Source: Soil and roots of Alntu (alder). 

Habitat: Soil. 

25. Streptomyces lavendulae (Waks- 
man and Curtis) comb. nov. (Aciino^ 
myces lavendulae Waksman and Curtis, 
Soil Science, f, 1916, 126.) FromM. L., 
lavender. 

Hyphae coarse, branching. Spirals 
close, 5 to 8 microns in diameter. Conidia 
ovdl, 1.0 to 1.2 by 1.6 to 2.0 microns. 

Gelatin stab: Creamy to brownish sur¬ 
face growth. Liquefied. 

Synthetic agar: Thin, spreading, color¬ 
less growth. Aerial mycelium cottony, 
white, becoming vinous-lavender. 

Starch agar: Restricted, glistening, 
transparent growth. 

Plain agar: Gray, wrinkled growth. 

Glucose broth: Abundant, flaky sedi¬ 
ment. 

Litmus milk: Cream-colored ring. No 
coagulation; peptonized, with strong al¬ 
kaline reaction. 

Potato: Thin, wrinkled, cream-colored 
to yellowish growth. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Certain strains of this organism pro¬ 
duce antibiotics. One such antibiotic, 
designated as streptothricin, is active 
both in vitro and in vivo against various 
Gram-positive and Gram-negative bac¬ 
teria, fungi and actinomycctes (Waks¬ 
man and Woodruff, Proc. Soc. Exp. Biol. 
Med., 49, 1942, 207; Waksman, Jour. 
Bact., 49, 1943 , 299). 

Source: Isolated once from orchard soil. 

Habitat: Soil. 

26. Streptomyces reticull (Waksman 
and Curtis) comb. nov. (Actinomyces 
reticuli Waksman and Curtis, Soil Sci¬ 
ence, f, 1916,118.) From Latin reticulum, 
a small net. 

Mycelium in whorls; spirals formed on 
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glucose agar are sinistrorse. Conidia 
spherical, 1.0 to 1.4 microns in diameter. 

Gelatin stab; Liquefied with small, 
brown flakes. 

Synthetic agar; Colorless growth, ^ith 
yellowish tinge, becoming brownish, 
spreading. AeHal mycelium thin, white, 
cottony. 

Starch agar: Brownish-gray growth. 

Glucose agar; Restricted, brownish 
growth, center raised. 

Plain agar: Gray, wrinkled growth, be¬ 
coming brownish. 

Glucose broth: Sediment consisting of 
large colonies. 

Litmus milk: Reaction unchanged, co¬ 
agulated; peptonized. 

Potato: Gray growth, with black 
center. 

Nitrites produced from nitrates. 

Dark brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Source: From upland and adobe soils in 
California. 

Habitat: Soil, 

27. Streptomyces rubrireticuli nom. 
nov, {Actinomyces reiiculus-niber Waks- 
man. Soil Science, S, 1919, 146; Actino¬ 
myces reticulus Bergey et al., Manual, 
2nd ed., 1925, 373.) From Latin ruber, 
red and reiicnlum^ a small net. 

Branching filaments^with both primary 
and secondary whorl formation. Spirals 
formed on glucose agar. Conidia oval- 
shaped. 

Gelatin stab: Surface growth yellow¬ 
ish-red to dragon-pink. Liquefied. 

Synthetic agar: Abundant, spreading 
growth, usually pink. Aerial mycelium 
thin, rose to pink. 

Starch agar: White growth with red 
tinge. 

Glucose agar; Abundant, spreading, 
rose-red, entire growth. 

Plain agar; Red growth, with yellowish 
margin, ^coming red. 

Glucose broth: Thin, flaky sediment. 


Litmus milk: Abundant, red pellicle; 
coagulated; peptonized. Reaction un¬ 
changed. 

Potato: Cream-colored growth, later 
pink to dark red. 

Nitrites produced from nitrates. 

Soluble dark brown pi^ent formed. 

Starch is hydrolyzed. 

Aerobic. 

Certain strains of this organism pro¬ 
duce an antibiotic. 

Source: Isolated fn>m New Jersey 
orchard and California upland soils. 

Optimum temperature 37®C. 

Habitat ■ Soil. 

28. Streptomyces flavus (Krainsky) 
comb. nov. {Actinomyces flams Krain¬ 
sky, Cent. f. Bakt., II Abt., J/, 1914,662; 
Waksman and Curtis, Soil Science, I, 
1916, 118; not Actinomyces flavus San- 
felice. Cent. f. Bakt., I Abt., Orig., S6, 
1905, 359.) From Latin Claims, yellow. 

Coarse filaments with branching hy- 
phae. Conidia formed by budding and 
breaking up of hyphae into oval forms. 

Gelatin stab: Small, yellowdsh masses 
on surface of liquefied medium. 

Synthetic agar: Circular, yellow or sul¬ 
fur-yellow colonies. Aerial mycelium 
straw-yellow. 

Starch agar: Spreading, cream-colored 
growth, with pink tinge. 

Glucose agar: Restricted, raised, folded, 
sulfur-yellow growth, center shading to 
brown. 

Plain agar: Gray, spreading, folded 
growth. 

Glucose broth: Small, white colonies in 
bottom of tube. 

Litmus milk: Coagulated; peptonized, 
becoming distinctly alkaline. 

Potato: Elevated, much wrinkled, 
greenish-olive growth. 

Traces of nitrite formed. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 
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Optimum temperature 25^C. 

Habitat: Soil. 

29. Streptomyces ruber (Krainsky) 
comb, nov, (AciinomyccB ruher Krain¬ 
sky, Cent. f. ^kt., II Abt., 1914,662; 
Wa^man, Soil Science, 8 ^ 1919, 149; not 
Actinomyces ruber Sanfelice, Cent. f. 
Bakt., I Abt., Orig., S6, 1904, 355; No- 
cardia krainskii Chalmers and Chris- 
topherson, Ann. Trop. Med. and Para- 
sit., Wy 1916, 268.) From Latin ruber, 
red. 

Straight, branching mycelium, radiat¬ 
ing. A few spirals may be formed. 

Gelatin stab: Liquefaction, with yellow 
flakes. 

Synthetic agar: Abundant, spreading, 
red growth. Aerial mycelium abundant, 
cottony, chrome-orange. 

Starch agar: Abundant, spreading, red 
growth. 

Glucose agar: Restricted, abundant, 
entire, coral-red growth. 

Plain agar: Restricted, elevated, wrin¬ 
kled, olive-green growth. 

Glucose broth: Red ring, with spongy 
colonies on the surface. 

Litmus milk: Dark ring with red tinge; 
coagulated; peptonized, with alkaline 
reaction. 

Potato: Elevated, wrinkled, greenish 
growth. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

I^bitat: Soil. 

30. Streptomyces citreus (Krainsky) 
comb. nov. (Actinomyces citreus Krain¬ 
sky, Cent. f. Bakt., II Abt., 41 , 1914,662; 
Wabman and Curtis, Soil Science, 1 , 
1916, 99; not Actinomyces citreus Gas- 
perini, Cent. f. Bakt., 16, 1894, 684.) 
From M. L. citreus, lemon-yellow. 

Filaments with long, narrow open 
spirals. Conidia spherical to oval, 1.2 
to 1.5 by 1.2 to 1.8 microns. 


Gelatin stab: Yellowish, restricted sur¬ 
face growth. Liquefaction in 35 days. 

Synthetic agar: Abundant, spreading, 
raised, wrinkled, citron-yellow growth. 
Aerial mycelium covering surface; citron- 
yellow. 

Starch agar; Abundant, yellowish- 
green growth. 

Glucose agar: Extensive, glossy, olive- 
yellow, entire growth; center elevated. 

Plain agar: Restricted, cream-colored 
growth. 

Glucose broth: Thin, wide, yellow ring; 
flaky sediment. 

Litmus milk: Cream-colored surface 
growth; coagulated; peptonized, becom¬ 
ing alkaline. 

Potato: Yellowish growth, aerial my¬ 
celium white. 

Trace of nitrite production from ni¬ 
trate. 

The pigment formed is not soluble. 

Starch hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

E^bitat: Soil. 

31. Streptomyces fulvlsslmus (Jensen) 
comb, nov, (Actinomyces fulvissimus 
Jensen, Soil Science, SO, 1930,66.) From 
Lskiin fulvissimus, very yellow. 

Vegetative mycelium without any spe¬ 
cial characteristics; aerial mycelium of 
short, straight, often trifurcated hyphae, 
1.0 to 1.2 microns broad; no spiral forma¬ 
tion; branches of hyphae break up into 
conidia, 1.0 to 1.2 by 1.2 to 1.5 microns. 

Gelatin: Vegetative mycelium narrow, 
smooth, yellowish-brown to red-brown; 
no aerial mycelium; no pigment; gelatin 
completely liquefied in 10 to 12 days. 

Nutrient agar: Good growth; vegetative 
mycelium raised, finely wrinkled, deep 
red-brown; no aerial mycelium; brownish- 
yellow pigment. 

Czapek’s agar: Good growth (one strain 
very scant), vegetative mycelium flat, 
narrow, first light golden, later deep 
orange to red-brown; aerial mycelium 
scant, sometimes almost absent, first 
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white, later lig^t grayish-brown; pigment 
very characteristic, bright golden to 
orange. 

Glycerol agar: Good growth; vegeta¬ 
tive mycelium narrow, raised, smooth, 
golden to dark bronze; aerial mycelium 
scant, in patches, white to light cinna¬ 
mon-brown; pigment intensely golden to 
orange. 

Starch-casein agar: Good growth; vege¬ 
tative mycelium spreading, folded, yel¬ 
lowish-brown ; aerial mycelium abundant, 
smooth, lead-gray; pigment dull yellow 
to orange. 

Potato: Good growth; vegetative my¬ 
celium raised, much wrinkled, rust- 
brown; aerial mycelium absent or traces 
of white; pigment gray to faint lemon- 
yellow. 

Loeffler’s blood serum: Vegetative my¬ 
celium red-brown; no aerial mycelium; 
yellowish pigment; no liquefaction. 

Distinctive characters: The character¬ 
istic golden pigment is formed in nearly 
all media in which the organism grows, 
but becomes most typical and attains its 
greatest brightness in synthetic agar 
media; it has indicator properties, turn¬ 
ing red in strongly acid solutions. The 
species is easily recognized on agar plates 
by its bronze-colored colonies, sur¬ 
rounded by haloes of bright yellow pig¬ 
ment. 

Source: Very common in Danish soils. 

Habitat: Soil. 

32. Streptomyces gougeroti (Duch6) 
comb, nov, {Actinomyces gougeroti Du- 
ch6, Encyclop6die Mycologique, Paris, 
d, 1934,272.) Named for Prof. Gougerot, 
from whom the culture was obtained. 

Gelatin: Cream-colored colonies de¬ 
veloping slowly with faint aerial my¬ 
celium; no pigment; liquefaction. 

Plain agar: Cream-colored growth form¬ 
ing concentric ring with age, with brown¬ 
ish reverse; faint yellowish soluble pig¬ 
ment. 

Synthetic agar: Slow growth as puncti- 
form colonies; cream-oolored with smooth 


edge; no aerial mycelium: no soluble pig¬ 
ment. 

Peptone broth: Cream-colored ring on 
surface of medium with flakes throughout 
the medium; no soluble pigment. 

Synthetic solution: Submerged my¬ 
celium in the form of flakes, later forming 
a surface pellicle; filaments of aerial my¬ 
celium 1 micron in diameter, with nu¬ 
merous conidia; cream-colored growth; no 
soluble pigment. 

Tyrosine medium: Good growth with 
white aerial mycelium; no soluble jag- 
ment. 

Litmus milk: Growth in the form of 
colonies which remain separated from one 
another; also flakes in the bottom of the 
tube with bluish tinge on reverse of 
growth; milk turns blue in 10 to 12 days. 

Coagulated serum: Cream-colored 
growth covered with white aerial myce¬ 
lium; rapid liquefaction of serum. 

Potato:Slow growth of a greenish tinge; 
aerial mycelium; no black pigment. 

Distinctive character: Intermediate 
between Streptomyces albus with its 
abundant aerial mycelium and Actino- 
myces almquisti with its very scanty aerial 
mycelium. 

Source: Culture obtained from the col¬ 
lection of Prof. Gougerot. 

33. Streptomyces vlolaceonlger (Waks- 
man and Curtis) comb. nov. {Actino- 
myces violaceus-niger Waksman and 
.Curtis, Soil Science, f, 1916, 111.) From 
Latin violaceus, violet and niger^ black. 

Gelatifi: Gray growth, with no produc¬ 
tion of aerial mycelium. Gelatin around 
colony rapidly liquefied, but without any 
change in color. 

Czapek’s agar: Colony at first dark 
gray, turning almost black, 2 to 4 mm in 
diameter. Surface glossy, much folded 
with a very thin gray margin. A white 
to gray aerial mycelium is produced after 
the colony has well developed. A bluish- 
black pigment is produced at a later stage 
of its growth. The pigment slowly dis¬ 
solves in the medium, turning almost 
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black. Odor fairly strong. Microscopi¬ 
cally two types of mycelium are found: 
the thin^ branching filaments of the sub¬ 
stratum, and the thick filaments of the 
aerial mycelium. The aerial mycelium 
fragments not very rapidly, producing a 
few conidia, spherical and oval, 1.2 to 
1.6 by 1.2 to 2.3 microns. These often 
occur in chains. 

Czapek’s solution: Colonics large, 2 to 
3 mm in diameter, appearing at the bot¬ 
tom and surface of the solution, but none 
throughout the medium. Colonies blu¬ 
ish in color, with a regular margin. Me¬ 
dium not colored. 

Potato plug: Growth at first very slight, 
but after 48 hours develops into a yellow¬ 
ish-gray continuous thick smear which 
later turns brown, with a white aerial 
mycelium covering the growth. Medium 
not colored. 

Source: Isolated once from the upland 
California soil. 

Habitat: Soil. 

34. Streptomyces griseus (Krainsky) 
comb. noo. (Actinomyces griseus Krain¬ 
sky, Cent. f. Bakt., IP Abt., 1914, 
662.) From M. L. griseus^ gray. 

Branching filaments; a few spirals have 
been observed. Conidia rod-shaped to 
short cylindrical, 0.8 by 0.8 to 1.7 microns. 
Aerial mycelium greenish-gray. 

Gelatin stab: Greenish-yellow or cream- 
colored surface growth with brownish 
tinge. Rapid liquefaction. 

Synthetic agar: Thin, colorless, spread¬ 
ing growth, becoming olive buff. Aerial 
mycelium thick, powdery, water-green. 

Starch agar: Thin, spreading, trans¬ 
parent growth. 

Glucose agar: Growth elevated in cen¬ 
ter, radiate, cream-colored to orange, 
erose margin. 

Plain agar: Abundant, cream-colored, 
almost transparent growth. 

Glucose broth: Abundant, yellowish 
pellicle with greenish tinge, much fdlded. 

Litmus milk: Cream-colored ring; co¬ 


agulated with rapid peptonization, be¬ 
coming alkaline. 

Potato: Yellowish, wrinkled growth. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37 ®C. 

Different strains of this organism pro¬ 
duce different antibiotics. One of these, 
slTeptoipycin, was isolated in crystalline 
form. It is active against a large num¬ 
ber of bacteria and actinomyeetes, but 
not against fungi and viruse.s. It is not 
very to.'iic to animals, and has found 
extensive application in the treatment of 
various diseases, mostly caused by 
Gram-negative bacteria and certain 
forms of tuberculosis. 

Source: Garden soil. 

Habitat: Soil. 

35. Streptomyces griseoflavus (Krain¬ 
sky) comb, nov. (Actinomyces griseo» 
flavtis Krainsky, Cent. f. Bakt., II Abt., 
41, 1914, 662.) From M. L. griseus^ gray 
and Latin yZai;ws, yellow. 

Conidia oval, 1.2 microns. 

Gelatin colonies: Yellowish. Concentric 
rings. 

Gelatin stab: Rapidly liquefied. 

Plain agar: Colonies yellowish, with 
white aerial mycelium. 

Ca-malate agar: Large colonics covered 
with yellow to greenish gray aerial my¬ 
celium. 

Glucose agar: White aerial mycelium is 
slowly formed. 

Starch agar: White aerial mycelium. 

Glucose broth: Flaky growth. 

Litmus milk: Peptonized. 

Potato: Yellowish growth, aerial my¬ 
celium gray. 

Nitrites produced from nitrates. 

Weakly diastatic. Acts on esculin. 

Grows well on cellulose. 

Aerobic. 

Optimum temperature 35®C. 

Habitat: Soil. 
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36. Streptomyces albidoflavus (Rossi 
Doria) comb, nov, (Streptotrix (sic) 
albido^flava Rossi Doria, Ann. d. 1st. 
dig. sper. d. Univ. di Roma, 7, 1891, 
407; Actinomyces albido-flavus Gas- 
perini, 2, 1892, 222; Strepiothriz 

albido Chester, Man. Determ. Bact., 
1901, 365; Cladothrix albido-flava Mac4, 
Traitd Pratique de Bact., 4th ed., 1901, 
1097; Nocardia albida Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 70, 1916, 271.) From Latin 
albidua, white and flavuSf yellow. 

Description from Duch6, Encyclo¬ 
pedic Mycologique, Paris, 0, 1934, 294. 

Gelatin: Punctiform colonies with 
white aerial mycelium on surface of 
liquid; no soluble pigment; rapid lique¬ 
faction. 

Synthetic asparagine agar: Growth be¬ 
comes rapidly covered with white aerial 
myceliuin, later becoming whitish- 
yellow ; brown on reverse side; yellowish 
soluble pigment. 

Peptone agar: Cream-colored growth 
covered with fine white aerial mycelium; 
yellow soluble pigment. 

Tyrosine agar: Fine growth with 
orange-yellow on reverse side; medium 
becomes colored yellowish to yellowish- 
rose. 

Synthetic asparagine solution: Long 
branching filaments, 0.6 micron in di¬ 
ameter. Thicker aerial mycelium pro¬ 
ducing irregular spores; flaky growth 
dropping to bottom of tube. Surface 
growth becomes covered with yellowish- 
white aerial mycelium; brownish on 
reverse side; soluble pigment yellowish. 

Peptone solution: Rapid, much folded 
grow^th, partly covered with white my¬ 
celium on surface of medium; soluble 
yellow-ochre pigment. 

Milk: Rapid growth becoming covered 
with whitish aerial mycelium; never fully 
covering the surface; no coagulation; 
peptonization begins slowly and is com¬ 
pleted in 13 days, liquid becoming colored 
yellowish-orange. 


CUQ 
crtiV 

Coagulated serum: Cream-colored 
growth of surface becoming covered with 
white aerial mycelium; rapid liquefaction 
of serum. 

Starch medium; Cream-colored growth 
rapidly colored with yellow aerial myce¬ 
lium ; after 20 days growth becomes much 
iolded; greenish on reverse side; slightly 
amber color in medium. 

This strain is closely related to Strepto¬ 
myces albus. Develops poorly on 
Czapek’s medium without asparagine. 

Source : From dust. 

37. Streptomyces poolensls (Tauben- 
haus) comb, nov, {Actinomyces poolen- 
sis Taubenhaus, Jour. Agr. Res., 75, 
1918,446.) Named for Prof. R. F. Poole, 
plant pathologist. 

Description from Waksman, Soil Sci., 
8, 1919, 140. 

Fine, branching mycelium; spirals 
usually not seen. Conidia oval to ellipti¬ 
cal. 

Gelatin stab: Liquefied, with small, 
brownish flakes in fluid. 

Synthetic agar: Thin, colorless, spread¬ 
ing growth. Aerial mycelium white to 
gray. 

Starch agar: Restricted, cream-colored 
growth. 

Glucose agar: Growth abundant, light 
brown, glossy, raised center, entire. 

Plain agar: Yellowish, translucent 
growth. 

Glucose broth: Thin, brownish ring. 

Litmus milk: Brownish ring; coagu¬ 
lated ; peptonized, with strongly alkaline 
reaction. 

Potato: Thin, reddish-brown; medium 
becoming purplish. 

Nitrites produced from nitrates. 

Faint trace of soluble brown pigment. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Associated with disease of 
sweet potato. 
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38. Streptomyceg olivAceus (Waks- 
man) comd. nov, (Actinomyces 206, 
Waksman, Soil Science, 7, 1919, 117; 
Actinomyces olivaceus Waksman, in Man¬ 
ual, Ist ed., 1923, 354.) From Latin, 
olive-colored. 

Small clumps, with straight and 
branching hyphae. No spirals on most 
media. Conidia spherical and oval, 0.9 
to 1.1 by 0.9 to 2.0 microns. 

Gelatin stab; Liquefied with cream- 
colored, flaky, yellow sediment. 

Synthetic agar: Growth abundant, 
spreading, developing deep into medium, 
jsHlow to olive-odue, reverse yellow to 
almost black. Aerial mycelium mouse- 
gray to light drab. 

Starch agar: Thin, yellowish-green, 
spreading growth. 

Glucose agar: Growth abundant, re¬ 
stricted, entire, center raised. 

Plain agar: White, glistening growth. 

Glucose broth: Sulfur-yellow ring. 

Litmus milk: Faint, pinkish growth; 
coagulated; peptonized, becoming alka¬ 
line. 

Potato; Growth abundant, much 
wrinkled, elevated, gray, turning sulfur- 
yellow on edge. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25^0. 

Habitat: Soil. 

39. Streptomyces lieskei (Duch4) 
comh. nov, (Actinomyces lieskei Duch4, 
Encyclopedic Mycologique, Paris, d, 
1934, 289.) Named for Prof. Lieske of 
Leipzig. 

Gelatin; Cream-colored growth be¬ 
coming covered with white aerial myce¬ 
lium; no soluble pigment. Rapid 
liquefaction. 

Pliun agar: Cream-colored growth be¬ 
coming covered with white aerial myce¬ 
lium'*, yellowish soluble pigment. 

Synthetic agar: Cream-colored growth 
with delayed white aerial mycelium grow¬ 
ing from the edge toward the center; 


mycelium later yellowish. Reverse of 
growth yellowish to green. Dirty yellow 
to yellow-green soluble pigment. 

Synthetic solution: Long branching 
filaments 0.7 micron in diameter. Yel¬ 
lowish-white aerial mycelium does not 
readily produce spores; flakes drop to 
the bottom of the tube. 

Peptone solution: Cream-colored colo¬ 
nies on surface with flakes in the liquid 
dropping to the bottom of the tube. 
Liquid becomes yellowish in color. 

Tyrosine medium: Rapid growth on 
surface with whitish-yellow aerial myce¬ 
lium; yellowish to orange-yellow soluble 
pigment. 

Milk: Cream-colored growth; colorless 
on reverse side; no aerial mycelium. 
Peptonization without coagulation. 
After 20 days the whole milk becomes a 
clear yellowish liquid. 

Coagulated serum: Clear-colored 

growth. Rapid liquefaction. 

Culture related to Streptomyces albo* 
flavus and Streptomyces albidoflavus, 

40. Streptomyces mlcroflavus (Krain- 
sky) comb, nov. (Actinomyces micro^ 
Jlaims Krainsky, Cent. f. Bakt., II Abt., 
4/, 1914, 662; Micromonospora microflava 
Duch4, Encyclopedic Mycologique, 
Paris, fl, 1934,29.) From Greek micrxis, 
small, and hniin flavus, yellow. 

Conidia large, spherical to rod-shaped, 
often in pairs or chains, 2.0 by 2.0 to 5.0 
microns. 

Gelatin colonies.: Small, yellow. 

Gelatin stab: Liquefied. 

Plain agar: Yellow colonies, with rose- 
yellow aerial mycelium in 3 to 4 weeks. 

Ca-malate agar; Minute yellow colo¬ 
nies. No aerial mycelium. 

Glucose agar: A rose-yellow aerial my¬ 
celium develops in about 12 days. 

Starch agar: Same as on glucose agar. 

Glucose broth: Small spherical colonies 
in depth. 

Litmus milk: Peptonized. 

Potato: Yellow growth. No aerial 
mycelium. 

Nitrites produced from nitrates. 
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»Stroiig]y diafltatic. 

Scant growth on cellulose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 26®C. 

Habitat: Soil. 

41. Streptomyces cacao! (Waksman) 
comb, ncv. {Actinomyces cacaoi Waks¬ 
man, in Bunting, Ann. Appl. Biol., 19^ 
1932, 515.) Named for the chocolate 
tree {Theohroma cacao). 

Long aerial mycelium with considerable 
spiral formation; the spirals are long and 
open, not compact. 

Gelatin: Flocciilent growth. No aerial 
mycelium. Rapid liquefaction. No pig¬ 
ment production. 

Nutrient agar: Brown-colored growth 
covered with tiny patches of ivory- 
coloied aerial mycelium. 

Glucose agar: Thin yellowish growth, 
later turning reddish-brown; no soluble 
pigment; light gray to mouse-gray myce¬ 
lium, with white edge. Typical odor 
of streptomyces. 

Czapek’s agar: Same as on glucose agar. 

Potato: Abundant brownish growth 
with white to mouse-gray aerial myce¬ 
lium. 

Biochemical characteristics: Strong 
proteolytic enzymes acting on casein and 
gelatin; strong diastatic action, no sugar 
or dextrin left in 1 per cent starch solu¬ 
tion after a few days. Limited reduction 
of nitrate. 

Source: Three strains isolated from 
cacao beans in Nigeria. There were 
slight differences among the three strains; 
the above description is of Strain I. 

42. Streptomyces novaecaesareae nom. 
nov. {Actinomyces violaceus-cacseri Waks¬ 
man and Curtis, Soil Science, i, 1916, 
111.) From Nova Caesarea^ Latin name 
for the State of New Jersey. 

Filaments wdth both straight and spiral 
aerial hyphac;spirals dextrorse. Conidia 
oval to elongate. 

Gelatin stab: Small, cream-colored sur¬ 
face colonies with slow liquefaction. 


Synthetic agar: Growth grayi becoming 
bluish, glossy, much wrinkled. Aerial 
mycelium appears late; white. 

Starch agar: Restricted, circular, blue- 
ish-violet colonies. 

Glucose agar: Restricted, gray growth, 
becoming red. 

* Plain agar: Thin, cream-colored 
growth. 

Glucose broth: Fine, colorless, flaky 
sediment. 

Litmus milk: Gray ring; coagulated; 
slow peptonization, becoming faintly 
alkaline. 

Potato: Growth cream-colored; 

wrinkled, turning yellowish. 

Nitrites produced from nitrates. 

Soluble purple pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated once from upland 
California soil. 

Habitat: Soil. 

43. Streptomyces ezfoliatus (Waks¬ 
man and Curtis) comb. nov. {Aciino* 
myces exjoliatus Waksman and Curtis, 
Soil Science, f, 1916,116.) From Latin, 
stripped of foliage. 

Slightly wavy filaments with tendency 
to form spirals. Conidia oval, 1.0 to 
1.5 by 1.2 to 1.8 microns. 

Gelatin stab: Cream-colored surface 
growth. Liquefied. 

Synthetic agar: Growth colorless, be¬ 
coming brown, smooth, glossy. Aerial 
mycelium in white patches over surface. 

Starch agar: Restricted, gray growth, 
becoming brown. 

Plain agar: Grows only in depth of 
medium. 

Glucose broth: Small, grayish colonies 
in deptk. 

Litmus milk: Cream-colored ring, soft 
coagulum in 12 days; slow peptonization, 
becoming strongly alkaline. 

Potato: Growth somewhat wrinkled, 
gray, becoming brown. 

Nitrites produced from nitrates. 

Brown, soluble pigment formed. 
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Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated several times from 
adobe and upland soils in California. 

Habitat: l^il. 

44. Streptomyces gelaticus (Waks* 
man) comb. ?ior. (Actinomyces 104, 
Waksman, Soil Science, 8 , 1919, 165; 
Aciinomi/ces gelaticus Waksman, in 
Manual, 1st ed., 1923, 356.) From M. L. 
gelaticus, gelatinous. 

Branching mycelium with open spirals. 

Gelatin stab: Liquefied with cream- 
colored flaky sediment. 

Synthetic agar: Growth colorless, 
spreading, chiefly deep into the medium. 
Aerial mycelium thin, white, turning 
grayish. 

Starch agar: Thin, spreading, cream- 
colored grow'th. 

Glucose agar: Abundant, spreading, 
white growth. 

Plain agar: Wrinkled, cream-colored 
growth only on the surface. 

Glucose broth: Thin, cream-colored 
pellicle; slight flaky sediment. 

Litmus milk: Pinkish ring; coagulated; 
peptonized with distinctly alkaline reac¬ 
tion. 

Potato: Growth abundant, much 
wrinkled, greenish, becoming black with 
yellowish margin. 

Nitrates show slight reduction to ni¬ 
trites. 

Soluble browm pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

45. Streptomyces rutgersensis (Waks¬ 
man and Curtis) comb. nov. (Actino- 
myces rutgersensis Waksman and Curtis, 
Soil Science, /, 1916, 123.) Named for 
Rutgers University, New Brunswick, 
New Jersey. 

Branching filaments with abundant 
open and closed spirals; Kyphae fine, long, 
branching. Conidia spherical and oval, 


I. 0 to 1.2 microns, with tendency to 
bipolar staining. 

Gelatin stab: Cream-colored, spreading 
surface growth. Liquefied. 

Synthetic agar: Growth thin, colorless, 
spreading, becoming brownish to almost 
black. Aerial mycelium thin, white, 
becoming dull-gray. 

Starch agar: Gray, spreading growth. 

Glucose agar: Abundant, brown myce¬ 
lium, becoming black wdth cream-colorcd 
margin. 

Plain agar: Thin, wrinkled, cream- 
colorcd growth. 

Litmus milk: Cream-colored ring; 
coagulated; slow peptonization, becoming 
alkaline. 

Potato: Abundant, white-gray, much 
folded grow th. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37°C. 

Source: Isolated many times from a 
variety of soils. 

Habitat: Common in soil. 

46. Streptomyces lipmanil (Waksman 

and Curtis) comb. nov. (Actinomyces 
lipmanii Waksman and Curtis, Soil 
Science, /, 1916, 123.) Named for Prof. 

J. G. Lipman, Xcw^ Jersey Agricultural 
Experiment Station. 

Straight, branching mycelium and 
hyphae. (,'onidia oval, 0.8 to l.l by 1.0 
to 1.5 microns. 

Gelatin stab: Liquefied with cream- 
colored, flaky sediment. 

Synthetic agar: Growth abundant, 
raised, colorless, becoming light brown 
and wTinkled. Aerial mycelium white, 
turning gray. 

Starch agar: Transparent growth, be¬ 
coming dark with age. 

Glucose agar: Light yellow, irregular, 
spreading growth. 

Plain agar: Yellow, glossy, radiately 
WTinkled growth. 

Glucose broth: White ring, with abun¬ 
dant, colorless flaky sediment. 
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Litmus milk: Cream-colored ring; co¬ 
agulated ; peptonization with alkaline re¬ 
action. 

Potato: Abundant, cream-colored, 
wrinkled growth. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25°C. 

Source: Isolated many times from a 
variety of soils. 

Habitat: Common in soil. 

47. Streptomyces halstedii (Waksnian 
and Curtis) comb, nov, {Actinomyces 
halstedii Waksman and Curtis, Soil 
Science, f, 1916, 124.) Named for a 
person. 

Branching mycelium and hyphac with 
close spirals. Conidia oval or rod- 
shaped, 1.0 to 1.2 by 1.2 to 1.8 microns. 

Gelatin stab: Liquefied, with small, 
cream-colored masses in bottom of tube. 

Synthetic agar: nrov\th abundant, 
heavy, spreading, raised, light, becoming 
dark, almost black. Aerial mycelium 
white, turning dull-gray. 

Starch agar; Abundant, brownish, 
glossy growth. 

Glucose agar: Growth spreading, color¬ 
less, wTinkled, center elevated, edge 
lichenoid, becoming brown. 

Plain agar: Restricted, wrinkled, 
cream-colored growth. 

Glucose broth: Small, colorless colonies 
in bottom of tube. 

Litmus milk: Cream-colored ring; co¬ 
agulated; peptonized, becoming alkaline. 

Potato: Growth abundant, moist, 
wrinkled, cream-colored with green tinge. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Optimum temperature 37®C. 

Aerobic. 

Source: Isolated many times from the 
deeper soil layers. 

Habitat: Common in subsoil. 

48. Streptomyces hygroscoplcus (Jen¬ 


sen) comb, nov, {Actinomyces hygro- 
scopicus Jensen, Proc. Linn. Soc. New 
So. Wales, 1931, 257.) From Greek, 
hygroscopic. 

Hyphac of vegetative mycelium 0.6 to 
0.8 micron in diameter. Aerial hyphae 
long, tangled, branched, 0.8 to 1.0 micron 
ih diameter; spirals numerous, sinis- 
trorse, narrow, usually short, only 1 cr 2 
turns, closed, typically situated as dense 
clusters on the main stems of the aerial 
hypliae. Ckinidia oval, 0.8 to 1.0 by 
1.0 to 1.2 microns. 

Gelatin: Slow liquefaction. No pig¬ 
ment produced. 

Nutrient agar: Good growth. Vegeta¬ 
tive mycelium raised, wrinkled, glossy, 
cream-colored; later yellowish-gray with 
yellowish-brown reverse. Occasionally 
a scant white aerial mycelium. 

Sucrose agar: Good to abundant 
growth. Vegetative mycelium heavy, 
superhcially spreading, folded, glossy 
surface, white to cream-colored, later 
sulfur-yellow^ to yellowish-gray, wdth 
golden to light orange reverse. Soluble 
pigment of the same color. Aerial myce¬ 
lium scant, thin, white or absent. 

Glucose agar: Good grow^th. Vegeta¬ 
tive mycelium superficially spreading, 
surface granulated, cream-colored to 
straw’-yellow’, later dull chrome-yellow to 
brownish-orange. Aerial mycelium thin, 
smooth, dusty, white to pale yellowish- 
gray, after 1 or 2 weeks more or less 
abundantly interspersed with small, 
moist, dark violet-gray to browmish 
patches which gradually spread over the 
wdiole surface. Light yellow' soluble 
pigment. 

Potato: Fair grow’th. Vegetative my¬ 
celium raised, wrinkled, cream-colored, 
later yellowdsh-gray to dull brow'nish. 
Aerial mycelium absent or trace of white. 

Milk: Completely digested in 3 to 4 
weeks at 30®C without any previous co¬ 
agulation. The reaction becomes faintly 
acid (pH 6.0 or less). 

Nitrates not reduced with sucrose as 
source of energy. 

Sucrose is inverted. 
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Starch is hydrolysed. 

Cellulose is decomposed readily by 
some strains. 

Distinctive character: In this specif, 
the aerial mycelium (which in other 
actinomycetes is strikins^y hydrophobic) 
on certain media (glucose or glycerol 
asparagine agar) becomes moistened and 
exhibits dark, glistening patches. These 
patches, when touched with a needle, 
prove to be a moist, smeary mass of 
spores. This characteristic feature is 
not equally distinct in all strains. 

Source: Seven strains isolated from 
soils* 

Habitat: Soil. 

49. Streptomyces fradiae (Waksman 
and Curtis) comJb. nov, (Actinomyces 
fradii Waksman and Curtis, Soil Science, 
1, 1916, 125.) From the name of a per¬ 
son. 

Straight, branching filaments and hy- 
phae. No spirals. Conidia rod- or oval- 
shaped, 0.5 by 0.7 to 1.25 microns. 

Gelatin stab: Cream-colored to brown¬ 
ish, dense growth on liquid medium. 

Synthetic agar: Smooth, spreading, 
colorless growth. Aerial mycelium 
thick, cottony mass covering surface, 
sea-shell pink. 

Starch agar: Spreading, colorless 
growth. 

Glucose agar; Growth restricted, 
glossy, buff-colored, lichenoid margin. 

Plain agar: Growth yellowish, becoming 
orange-yellow, restricted. 

Glucose broth: Dense, narrow, orange- 
colored ring; abundant, flaky, colorless 
sediment. 

Litmus milk: Faint, cream-colored 
ring; coagulated; peptonized, becoming 
alkaline. 

Potato: Restricted, orange-colored 
growth. 

Nitrites not produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 26^C. 


Source: Isolated once from adobe soil 
in California. 

Habitat: Soil. 

50. Streptomyces alboflavus (Waks¬ 
man and Curtis) comb, nov, (Actinomyces 
aXbofiavus Waksman and Curtis, Soil Sci¬ 
ence, i, 1916, 120.) From Latin alhus^ 
white and flavits, yellow. 

Straight, branching mycelium, with 
very little tendency to form spirals. 
Very few oval-shaped conidia formed. 

Gelatin stab: Abundant, colorless sur¬ 
face growth. Liquefaction occurs in 35 
days. 

Synthetic agar: Growth glossy, color¬ 
less, spreading, becoming yellowish. 
Aerial mycelium white, powdery, with 
yellow tinge. 

Starch agar: Thiin, yellowish, spread¬ 
ing growth. 

Glucose agar: Growth restricted, 
much-folded, creamy with sulfur-yellow 
surface. 

Plain agar; Restricted, cream-colored 
growth. 

Glucose broth: White, cylindrical 
colonies on surface, later flaky mass in 
bottom of tube. 

Litmus milk: Pinkish ring. No coagu¬ 
lation. Peptonized, becoming alkaline. 

Potato: Moist, cream-colored, wrinkled 
growth. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated once from orchard soil. 

Habitat: Soil. 

61. Streptomyces albosporeus (Krain- 
sky) comb, nov, (Actinomyces albo^ 
sporeus Krainsky, Cent. f. Bakt., II 
Abt., 41, 1914, 649; Nocardia albosporea 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 268; 
Waksman and Curtis^ Soil Science, 1, 
1916, 99.) From Latin albns, white and 
Greek spora, spore. 
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Straight, branching filaments with 
straight, branching hyphae, and occa¬ 
sional spirals. Conidia spherical or oval, 
0.8 to 1.2 by 1.0 to 1.8 microns. 

Gelatin stab: Growth yellow, changing 
to red, with hyaline margin. Lique¬ 
faction in 35 days. 

Synthetic agar: Growth spreading, 
colorless with pink center, becoming 
brownish. Aerial mycelium white at 
first, later covering the surface. 

Starch agar: Growth thin, spreading, 
transparent, with red tinge. 

Glucose agar: Growth spreading, red, 
wrinkled, radiate, entire. 

Plain agar: Minute, cream-colored 
colonies. 

Glucose broth: Pinkish ring. 

Litmus milk: Scant, pink ring. No 
coagulation. No peptonization. 

Potato: Growth thin, spreading, wrin¬ 
kled, gray, becoming brown with greenish 
tinge. 

Nitrites produced fiom nitrates. 

The pigment formed ^s not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37°C. 

Habitat: Soil. 

52. Streptomyces flocculus (Duch5) 
com5. nov. {Actinomyces flocculus 
Duch6, Encyclopedic Mycologique, 
Paris, 8, 1934, 300.) From Latin, some¬ 
what woolly, referring to the appearance 
of the aerial mycelium. 

Gelatin: Very limited growth. Slow 
liquefaction. 

Asparagine glucose agar: Weak growth; 
limited cream-colored colonies hardly 
raised above the surface of the medium; 
occasionally abundant growth is produced 
with white aerial mycelium and colorless 
on reverse side. 

Czapek^s agar: Cream-colored growth, 
later covered with white aerial mycelium; 
no soluble pigment. 

Peptone agar: Cream-colored growth, 
later covered with white aerial mycelium; 
no soluble pigment. 


Asparagine glucose solution: Branch¬ 
ing immersed filaments, 0.8 micron in 
diameter; aerial mycelium 1.0 by 1.2 
microns with numerous conidia; flakes 
settle to the bottom of the tube. 

Peptone solution: Pointed colonies; 
cream-colored on surface of medium. 

Tyrosine medium: Whitish growth 
without any pigment. 

Milk: Rose-colored growth; slow pep¬ 
tonization. 

Potato: Punctiform growth covered 
with white aerial mycelium; faint yellow¬ 
ish pigment. 

Coagulated serum: Cream-colored 
growth; fine white aerial mycelium; 
slow liquefaction of serum. 

Source: Culture obtained from Mr. 
Malengon, an inspector in Morocco. 

53. Streptomyces melanosporeus 

(Krainsky) comb, nov, {Actinomyces meU 
anosporeus Krainsky, Cent. f. Bakt., II 
Abt., 41 , 1914, 662; Nooardia melano- 
sporea Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
268.) From Greek meUis, black and 
spora, spore. 

Conidia almost spherical, 1.2 microns 
in diameter. 

Gelatin colony: Small, reddish colo¬ 
nies. 

Gelatin stab: Liquefied. 

Ca-malate agar: Colonies red, with 
black aerial mycelium. 

Glucose agar: Same as on Ca-malate 
agar. 

Starch agar: Same as on Ca-malate 
agar. 

Glucose broth: Flaky, orange-red colo¬ 
nies adherent to glass. 

Litmus milk: Peptonized. 

Potato: Red colonies with black aerial 
mycelium. 

Nitrites produced from nitrates. 

Weakly diastatic. 

Grows well op cellulose. Cellulose is 
decomposed. 

Aerobic. 
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Optimum temperature 25^0. 

HAbitat: Soil. 

54. Streptomyces melanocyclus (Mar¬ 

ker) comb. noo. (Miaococcus melanocy- 
clua Merkor, Cent, f, Bakt., II Abt. 31, 
1911, 6^9; Actinomyces melanocyclus 

Krainsky, Cent. f. Bakt., II Aht., 41 , 
1914, 662; Nocanha melanocycla Chal¬ 
mers and Christepherson, .\nn. Trop. 
Med. and Parasit., 10 , 1916. 268.) From 
Greek melas, black and cyclus, circle. 

Conidia almost spherical, 0.9 micron 
in diameter. 

Gelatin colonies: Growth poor. 

Gelatin stab: Rapid liquefaction. 

Ca-malate agar: Colonies small, flat, 
orange^red. Aerial mycelium black, oc¬ 
curring along the edges. 

Glucose broth: Same as on Ca-malatc 
agar. 

Starch agar: Same as on Ca-malate agar. 

Glucose broth: Colorless, spherical 
colonies. 

Litmus milk: Peptonized. 

Nitrites produced from nitrates. 

Good diastatic action. 

Cellulose is decomposed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

55. Streptomyces acidophilus (Jensen) 
comb. nov. (Actinomyces acidophilus 
Jensen, Soil Sci., 1928, 226.) From 
Greek, acid-loving. 

Vegetative mycelium profusely 
branched, hyphae 0.6 to 0.8 micron in 
diameter with homogeneous protoplasm 
and no visible septa. Aerial mycelium 
with hyphae 1.0 to 1.2 microns in di¬ 
ameter, somewhat branched, forming 
either very few or very numerous sin- 
istrorse spirals. Oval conidia 1.0 to 1.2 
by 1.2 to 1.5 microns. 

Gelatin: After 10 days growth very 
scant, thin, colorless, semi-transparent. 
Slow liquefaction. 

Nutrient agar; No growth. 

Glucose agar: Gofxi growth at 25^C. 
Substratum mycelium raised, somewhat 


wrinkled, colorless in young cultures. 
Aerial mycelium thin, white at first, 
later gray or yellowish-brown. 

Starch agar: Good growth at 25*’C. 
Substratum mycelium fiat, smooth, color¬ 
less. Aerial mycelium abundant, 
smooth, white. 

Czapek’s agar: No growth. 

Plain broth: No growth. 

Milk: No growth. 

Potato: Growth good, raised, folded. 
No discoloration. 

Nitrites not produced from nitrates 
except a trace in two strains. 

Diastatic. 

Weakly proteolytic. 

Inversion of sucrose: Negative. 

Distinctive character: The ability to 
live in acid media only. 

Source: Four strains isolated from 
three acid humus soils. 

Habitat: Acid humus soils. 

56. Streptomyces rubescens (Jarach) 

comb. nov. (Strepiothrix rubescens Jamchf 
Boll. Sez. Ital. Soc. Intern. Microb., 5, 
1931, 43.) From Latin rubescens, be¬ 
coming red. 

Gelatin: No liquefaction; limited non- 
pigmented growth. 

Glucose agar: I^rge number of small 
round colonics raised in the center and 
growing together, as well as deep into the 
medium; of a whitish opalescent color 

Czapek’s agar: Poor growth, becoming 
pigmented salmon-red, edge entire. 

Milk agar medium: Hose-coral-colored, 
thin growth with edge entire. 

Broth: Minute flakes, the liquid later 
becoming reddish-colored. 

Milk: No coagulation and no digestion; 
slight red coloration of milk. 

Potato plug: Reddish growth, not ex¬ 
tensive; opalescent surface. 

Source: From soil. 

57. Streptomyces thermophilus (Gil¬ 
bert) comb. nov. (Actinomyces thermo^ 
philus Gilbert, Ztschr. f. Ilyg., J7, 1904, 
383; not Actinomyces thermophilus 
Berestnew, Inaug. Diss., Moskow, 1897; 
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Nocardia thermophila Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 271.) From Greek 
ihermuB, heat and philus, loving. 

Description from Waksman, Umbreit 
and Gordon, Soil Sci., 47, 1939, 49. 

Hyphae straight, conidia formed. 

Gelatin: Liquefaction. 

Czapek’s agar: At 28®C, deep colorless 
growth, thin white aerial mycelium; no 
soluble pigment. 

Starch agar: Yellowish growth with 
white-gray, powdery aerial mycelium. 

Milk: Proteolysis. 

Potato plug: Yellowish growth with no 
aerial mycelium, the plug usually being 
colored brown. 

Starch is hydrolyzed. 

No pigment produced on nutrient agar 
or gelatin. 

Temperature relations : Optimum 50®C. 
Good growth at 28 ®C. Usually no 
growth at 60®C. Some strains are in¬ 
capable of growing at 28^C, whereas others 
seem to grow well even ix*. 65®C. 

Aerobic. 

Habitat: Soil, hay, composts. 

58. Streptomyces thermofuscus (Waks¬ 
man, Umbreit and Gordon) cotnh. nov, 
(Actinomyces thermofuscus Waksman, 
Umbreit and Gordon, Soil Sci., 47, 
1939, 49.) From Greek thermus, heat 
and Latin fuscus, dark. Presumably 
derived to mean heat-loving and dark in 
color. 

Hyphae spiral-shaped; conidia pro¬ 
duced. 

Gelatin: Liquefaction. At 50®C, a 
grayish ring is produced and soluble pig¬ 
ment is formed. At 28®C, growth with 
no soluble pigment. 

Czapek’s agar: Poor growth at 28®C, 
deep-gray, with but little aerial myce¬ 
lium. At 50®C, growth dark to violet, 
with gray to lavender aerial mycelium 
and soluble brown pigment. 

Milk: Proteolysis. 

Potato: Abundant, dark-colored 

growth, no aerial mycelium, or few white 
patches, dark soluble pigment. 


Starch is hydrolyzed. 

Temperature relations: Good growth 
at 60® and 60®C. Will grow at 66®C. 
Faint growth at 28®C. 

Aerobic. 

Distinctive characters: This species is 
distinguished from Streptomyces thermo- 
philus by the brown-colored aerial myce¬ 
lium on synthetic media, spiral-shaped 
hyphae, and ability to grow readily at 
65®C. 

Habitat: Soils and composts. 

59. Streptomyces scabies (Thaxter) 
comb. nov. (Oospora scabies Thaxter, 
Ann. Rept. Conn. Agr. Exp. Sta., 1891, 
153; Actinomyces scabies Gussow, 
Science, N. S. S9, 1914, 431.) From 
Latin scabies, scab. 

Wavy or slightly curved mycelium, 
with long branched aerial hyphae, show¬ 
ing a few spirals. Conidia more or less 
cylindrical, 0.8 to 1.0 by 1.2 to 1.5 mi¬ 
crons. 

Gelatin stab: Cream-colored surface 
growth, becoming brown. Slow lique¬ 
faction. 

Synthetic agar: Abundant, cream- 
colored , wTinkled, raised growth. Aerial 
mycelium white, scarce. 

Starch agar: Thin, transparent, spread¬ 
ing growth. 

Glucose agar: Restricted, folded, 
cream-colored, entire growth. 

Plain agar: Circular, entire colonies, 
smooth, becoming raised, lichenoid, 
wrinkled, white to straw-colored, opales¬ 
cent to opaque. 

Glucose broth: Ring in form of small 
colonies, settling to the bottom. 

Litmus milk: Brown ring with greenish 
tinge; coagulated; peptonized with alka¬ 
line reaction. 

Potato: Gray, opalescent growth, be¬ 
coming black, wrinkled. 

Nitrites produced from nitrates. 

Brown soluble pigment formed. 

Starch is hydrolyzed. 

Optimum temperature 37®C. 

Aerobic. 

The potato scab organism, like other 



958 


BCANUAL OF DBTERMINATIVE BACIERIOLOGY 


acid-faat organisms, can be selectively 
impregnated with carbol-auromin and 
when exposed to ultraviolet radiation 
fluoresces bright yellow. This technic 
confirms Lutman’s conclusion that the 
hyphae are intercellular and grow within 
t^ middle lamellae (Richards, Stain 
Tech., 18, 1943, 91-94). 

Source: Isolated from potato scab le¬ 
sions. 

Habitat: Cause of potato scab; found 
in soil. 

60. Streptomyces ipomoea (Person and 
Martin) comb, nov, {Actinomyces ipo¬ 
moea Person and Martin, Phytopath., 
SO, 1940, 313.) From M. L. Ipomoea, a 
generic name. 

0>nidia on glucose-casein agar: Oval to 
elliptical, 0.9 to 1.3 by 1.3 to 1.8 microns. 

Gelatin: After 25 days at 20^C, scanty 
giowth, no aerial mycelium; no soluble 
pigment; liquefaction. 

Synthetic agar: Abundant growth, 
mostly on surface of medium, moderately 
wrinkled, olive-yellow. 

Nutrient agar: Moderate growth in the 
form of small, shiny, crinkled colonies 
both on the surface and imbedded in the 
medium, silver-colored. 

Starch agar: Growth moderate, smooth, 
deep in medium, ivory-colored. Aerial 
mycelium white with patches of bluish- 
green. No soluble pigment. Complete 
hydrolysis after 12 days. 

Milk: Growth in form of ring; hydroly¬ 
sis, without visible coagulation. 

Potato: Growth moderate, light brown, 
shiny, wrinkled. No aerial mycelium. 
No soluble pigment. 

Nitrites are produced from nitrates. 

Starch is hydrolysed. 

No growth on cellulose. 

Source: From diseased sweet-potato 
{Ipomoea ep,) tubers and small rootlets 
from several localities in Louisiana. 

61. Streptomyces fordil (Erikson) 
comb. nov. {Actinomycee fordii Erikson, 
Med. Res. Counc. Spec. l^pt. Ser. 203, 
1065,15 and 36.) Presumably named for 


the surgeon who first secured the culture. 

Mycelium: Filaments of medium 
length, no spirals or markedly wavy 
branches. Short, straight, sparse aerial 
mycelium. Small oval conidia on potato 
agar and starch agar. 

Gelatin: No visible growth, slight 
softening in 20 days; half-liquefied after 
40 days. 

Agar: Small, creamy-golden, ring- 
shaped colonies, and heaped-up patches, 
becoming golden-brown in color and 
convoluted. 

Glycerol agar: Extensive, golden- 
brown, convoluted, thin layer. 

Serum agar: Golden-brown ring-shaped 
and coiled smooth colonies; no liquefac¬ 
tion. 

Ca-agar: Yellow, scale-like closely ad¬ 
herent colonies; scattered white aerial 
mycelium. 

Blood agar: Innumerable small yellow* 
ish ring-shaped colonies; no hemolysis. 

Broth: Few flakes "at first; later abun¬ 
dant coherent puffball growth. 

Synthetic sucrose solution: Moderate 
sediment of minute round white colonies. 

Synthetic glycerol solution: Light 
white fluffy colonies, minute and in clus¬ 
ters. 

Inspissated serum: Innumerable color¬ 
less pinpoint colonies; scant white aerial 
mycelium; after 15 days colonies large, 
hollow on reverse side; margin depressed; 
no liquefaction. 

Dorset’s egg medium: Minute, cream- 
col6red, elevated colonies, becoming 
golden-brown, raised, convoluted. 

Milk: Coagulated; brownish surface 
ring. 

Litmus milk: No change in reaction. 

Potato plug: Yellowish growth in thin 
line, terminal portion tending to be piled 
up, scant white aerial mycelium at top 
of slant; after 12 days, growth abundant, 
golden-brown, confluent, partly honey¬ 
combed, partly piled up. 

Starch not hydrolyzed. 

Tyrosine agar: Reaction negative. 

Swree: Human spleen in a case of 
acholuric jaundice. 



FAMILY STREPTOMYCBTACBAE 


959 


62. Streptomyces ^frlcanus (Pijper 
and Pullinger) comb. nov. (Nocardia 
africana Pijper and Pullinger, Jour. 
Trop. Med. and Hyg., $0, 1927, 163; 
Actinomyces africanus Nannizzi, in Pol- 
laci, Tratt. Micopat. Umana, 4,1934,8.) 
From Latin Africanus, relating to Africa. 

Description from Erikson, Med. Res. 
Counc. Spec. Kept. Ser. 203, 1936, 18. 

Unicellular branching mycelium form¬ 
ing small dense pink colonies with short 
straight sparse white aerial mycelium. 

Gelatin: Irregular pink flakes; no 
liquefaction. 

Agar: A few flat pink discoid colonies. 

Glucose agar: Minute red discrete 
round colonies and piled up paler pink 
maes with thin white aerial mycelium. 

Glycerol agar: After 2 weeks, small 
heaped-up colorless masses with pink 
tinge around the colorless colonies, mar¬ 
gin depressed; after 3 weeks, abundant, 
piled up, ^le pink growth. 

Ca-agar: After 1 week, small, round, 
colorless colonies with red centers, mar¬ 
gins submerged; after 2 weeks, growth 
bright cherry-red, confluent, with color¬ 
less margin. 

Dorset’s egg medium: Small colorless 
blister colonies, partly confluent; be¬ 
coming wrinkled, depressed into medium; 
slight liquefaction. 

Serum agar: Irregularly round, raised, 
wrinkled, colorless colonies; becoming 
dry, pink and flaky; later piled up, 
brownish, friable. 

Inspissated serum: After one week, 
smooth, round, colorless colonies with 
submerged margin, in confluent patches 
pink and pitted into medium; after 2 
weeks, medium broken up, slight lique¬ 
faction; after 3 weeks, liquid dried up, 
colonies umbilicated, raised, dry and 
friable. 

Broth: Small pink colonies embedded 
in coherent flocculent mass. 

Synthetic sucrose solution: Small pink 
granules in sediment after 1 week; 
colonies of medium size, coherent, after 
3 weeks. 

Fbtato agar: Bright red growth, small 


round colonies with colorless submerged 
margins, and piled up patches with stiff 
sparse white aerial mycelium. 

Litmus milk: Bright red surface 
growth, liquid unchanged after one 
month; liquid opaque reddish-purple 
after 2 months; hydrolyzed, clear wine- 
red after 3 months. 

Source: From a case of mycetoma of a 
foot in South Africa. 

63. Streptomyces gallicus (Erikson) 
comb. nov. (Actinomyces gallicus Erik¬ 
son, Med. Res. Counc. Spec. Rept. Ser. 
203, 1936, 36.) From Latin gallicus, of 
the Gauls (French). 

Description from Erikson (loc. cit., 
p. 24). 

Mycelium shows lateral highly refrac¬ 
tive bodies which appear almost identical 
with the singly situated spores found in 
Micromonospora chalceae. 

Gelatin: Scant irregular pink growth; 
liquefaction very slow, only slight degree 
in 20 days. 

Agar: A few transparent minute pink 
colonies; growth becomes partly con¬ 
fluent. 

Glucose agar: No growth. 

Glycerol agar: No growth. 

Czapek’s agar: No growth. 

Coon’s agar: Minute colorless to pink¬ 
ish colonies. 

Ca-agar: Glossy pink pinhead colonies. 

Potato agar: Pale pink, moist, granular 
growth. 

Serum agar: Pinpoint colonies, pink, 
shining. 

Blood agar: Abundant growth, minute, 
discrete, round, pink colonies, some 
aggregated in confluent narrow bands. 
No hemolysis. 

Dorset’s egg medium: Minute colonies, 
becoming confluent, tangerine-colored. 

Inspissated serum: Abundant, pink, 
membranous growth, becoming reddish- 
brown; later discrete colonies at margin, 
clear on reverse side. No liquefaction. 

Broth: Pinkish flakes. 

Synthetic sucrose solution: A few fine 
white flocculi. 
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Synthetic glycerol solution: A few 
small round white colonies. 

Milk: Coagulated; peptonized; yeN 
lowish'pink surface ring. 

Litmus milk: No coagulation or pep> 
tonization; no change in color. 

Potiito plug: Very slow growth, a few 
minute translucent pink colonies after 
16 days; after 21 days, considerable in¬ 
crease in number of colonies, still small 
and discrete. After 2 months, colonies 
1 to 2 mm in diameter, bright coral, 
tending to be umbilicated and heaped up. 

Tyrosine agar: Reaction negative. 

Source: From blood culture in a case 
of Banti’s disease. 

64. Streptomyces pelletleri (Laveran) 
comb. nor. (Micrococcus pelleiicrt I^av- 
eran, Compt. rend. Soc. Biol., Paris, 
61 f 1906, 340; Oospora pelletieri Thiroux 
and Pelletier, Bull. Soc. path, exot., 5, 
1912, 585; Xocardia pelletieri Thiroux, 
sec Pinoy, Bull. Inst. Past., //, 1913, 
935; Dhromuces pelletieri Brumpt, Precis 
de Parasitol., Paris, 2nd ed., 1913, 970; 
Aclinomyces pelletieri Brumpt, ihid.^ 
4th ed., 1927, 1204.) Named for .M. 
Pelletier who first isolated this species. 

Description from Erikson, Med. Res. 
Council Spec. Rept. Ser. 203, 1935, 21. 

Thiroux and Pelletier (Bull. Soc. path, 
exot., 5, 1912, 585) coasidered that their 
cultures resembled Xocardia madurac, 
but they grew the organism only 
on Sabouraud’s gelatin, on which it 
appeared in a constantly red, ea.sily de¬ 
tachable form. Xocardia htdico was 
regarded as identical by Pinoy. although 
in the original description by Laveran the 
organism was called Micrococcus pdle- 
tierif owing to the fact that no mycelium 
w'as seen, merely coccoid bodies. .Vo- 
cardia genesii Frocs (Bull. Inst. Past., 
1931, 1158) is described as closely 
allied, the distinction being founded 
upon the fact that the red grains, were 
smaller in size and much more numerous, 
but no cultural details arc given. 

Mycelium composed of slender straight 
and not very long filaments, forming small 


dense pink colonies with a few short 
straight isolated aerial branches. 

Gelatin: Slight liquefaction; few pink 
flakes; later almost completely liquefied. 

/Vgar: Minute colorless colonies and 
piled up pale pink masses. 

Glucose agar: Poor growth, a few 
minute pink colonics. 

Glycerol agar: Poor growth, a few moist 
pink colonics. 

‘Ca-agar: Colorless small colonies; after 
1 week, confluent skin, pink, buckled; 
medium discolored later. 

Coon^s agar: Poor growth, cream- 
colored with pink center, mostly sub¬ 
merged. 

Potato agar: Colorless blister colonies; 
after 3 weeks, colonies larger, showing 
concentric zones, submerged margins 
and occasional zone or tuft of w^hite 
aerial mycelium, pinkish coloration. 

Dorset's egg medium: Abundant, 
wrinkled, pink skin with snmll discrete 
colonies at margin in six days; later 
surface rough, mealy; considerable lique¬ 
faction in 17 days. 

Scrum agar: Moist cream-colored 
grow th tending to be heaped up, discrete 
colonh's at margin; becoming umbili- 
cated. 

Inspissated serum* Round, moist, 
colorles.s colonies. 

Blood agar: At first a few* pinhead, 
cream-colored colonies, no hemolysis; 
later colonies dense, button-shaped, 
with narrow fringed margin. 

Bn>th: Small, minute, pink, clustered 
colonies. 

Synthetic sucrose solution: Small, pink 
colonies in sediment; later minute col¬ 
onies adhering to side of tube. 

Milk: Soft curd; lullf-digested; pep¬ 
tonization complete in 20 days. 

Litmus milk: Pink surface grow’’th, 
semi-solid, no color change; after 20 days, 
coagulum cleared, liquid purple. 

Potato plug: After one month growth 
sparse, yellowish-pink, irregularly piled 
up, portions with scant w^hite aerial 
mycelium; after 6 months abundant 
highly piled up small rounded pink 
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nuusseSi scant white aerial mycelium 
persistent. 

Source: From a case of crimson-grained 
mycetoma in Nigeria (E. C. Smith, 
Trans. R. Soc. Trop. Med. Hyg., 

1928, 157). 

Habitat: Human infections so far as 
known. 

65. Streptomyces lister! (Erikson) 
co7nb. noi\ (Actinomyces lisieri Erikson, 
Med. Res. Council Spec. Rept. Scr. 203, 
1035, 36.) Named for Dr. Joseph Lister, 
the father of antiseptic surgery. 

Description from Erikson {loc. cit., 
p. 23). 

Long slender filaments, many loosely 
wavy, forming a dense spreading my¬ 
celium which rapidly grows into a mem¬ 
brane on most media. Aerial mycelium 
very slow and inconstant in appearance, 
short and straight, conidia oval. 

Gelatin: Slight liquefaction; round 
white surface colonies; after 45 days, 
confluent skin, Hlmo .t completely lique¬ 
fied. 

Agar: Smooth, round, moist, cream- 
colored, margin <lcprcssed, center ele¬ 
vated, closely adherent; becoming um- 
hilicated, with a myceloid margin. 

Glucose agar: Cream-colored, glisten¬ 
ing, pinpoint colonies; later aggregated 
in convoluted jkin. 

Glycerol agar: Abundant, moist, 
cream-colored growth, colonies elevated, 
piled up; powdery white aerial m 3 "celium. 
After 20 days, skin deeply buckled; 
colorless with exuded drops. 

(.'a-agar: Poor growth, a slight biscuit- 
colored membrane. 

Potato agar: After oim week, extensive 
growth, colorless submerged colonies, 
warted surface; dirty pink coloration 
after 2 weeks; scant white aerial my¬ 
celium after 4 months. 

Dorset’s egg medium; No growth. 

Blood agar: Small, round, cream- 
colored colonies, smooth translucent 
surface; no hemolysis. 

Serum agar: Small, irregular, moist, 
cream-colored colonies, tending to be 


heaped up; later somewhat transparent. 

Inspissated serum; Abundant growth, 
colorless shiny colonies, centrally ele¬ 
vated, becoming confluent. 

Broth: Small, round, white colonies in 
sediment. 

Glucose broth: Small, white, nodular 
(folonics; later abundant flocculi. 

Synthetic sucrose solution: Delicate 
white colonies in suspension and in 
sediment. 

Litmus milk: Coagulation. No change 
in reaction. 

Potato plug: Abundant, dull, browm- 
ish, wrinkled skin w'ilh w'hite aerial 
mycelium; large, stellate, fluffy, white 
colonies in liquid at base. 

Source: From human material. Strain 
from lister Collection. 

Habitat: From human infections so far 
as known. 

66. Streptomyces upcottli (Erikson) 
comb. nov. (A new pathogenic form of 
StreptoihriXf Gibson, Jour. Bact. and 
Path., 1920, 357'; Actinomyces upcotth 
Erikson, Med. Res. Council Spec. Rept. 
Ser. 203. 1935, 36.) Named for Dr. 
Harold Upcott, the surgeon who first 
secured the culture. 

Description from Erikson (loc. cit., 

p.22). 

Filaments cliaracteristically long, 
straight, much interwoven and ramified; 
typical unicellular mycelium, usually 
forming medium to large heavy carti¬ 
laginous colonies. Gibson states that 
the threads vary in thickness and show 
septa, but this has not been confirmed. 
A very slight transient aerial mycelium 
appeared on one agar slope, but this has 
not been repeated on any slide micro¬ 
culture on any medium. Slightly acid- 
fast. 

Gelatin: Abundant flocculent growth 
along streak, round cream-colored 
colonies on surface. Partly liquefied in 
14 days; complete liquefaction in 2 
months. 

Agar: Smooth, shining, round, cream- 
colored colonies, margin submerged, 
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scant white aerial mycelium in one week; 
colonies large (up to 10 mm in diameter), 
centers elevated, greenish tinge, very 
sparse aerial mycelium in two weeks; the 
aerial mycelium disappears and large 
radial grooves appear in most colonies in 
3 weeks. 

Glucose agar; Smooth, round, cream- 
colored colonies, margin depressed, cen¬ 
ters elevated, hollow on reverse side; 
later a coherent membranous growth, 
piled up, yellowish. 

Glycerol agar: Small, round, cream- 
colored, glistening colonies, heavy tex¬ 
ture, margins submerged; later, colonies 
umbilicated, tending to be piled up; after 
6 weeks, growth very much convoluted 
and raised, broad submerged margin, 
slightly reddish medium. 

Coon’s agar: Small, radiating, white 
colonies, growth mostly submerged. 

Ca-agar: Small, colorless membranous 
growth with undulating margin; later, 
centrally depressed into medium. 

Potato agar: Poor growth, small, color¬ 
less blister colonies, medium slightly 
discolored. 

Dorset’s egg medium: Round, flat, 
colorless, scale-like colonies, some marked 
by concentric rings and slightly hollowed 
in center; growth becomes yellow-brown. 

Serum agar: Laige colonies (3 to 4 mm 
in diameter), colorless, granular, cen¬ 
trally elevated, depressed at margin, re¬ 
sembling limpets. 

Blood agar: Large drab heavily tex¬ 
tured colonies; no aerial mycelium; no 
hemolysis. 

Broth: Large coherent mass composed 
of fluffy colonies. 

Synthetic sucme solution: Fair 
growth, minute white colonies. 

Carrot plug: Colorless, spreading, 
moist, wrinkled growth in six weeks; 
later a dull greenish-brown, moist, very 
much wrinkled and depressed skin. 

Source: From the spleen in a casO of 
acholuric jaundice. 

Habitat: From human infections so 
far as known* 


67. Streptomyces hortonensis (Erik- 
son) comb, nov, (Actinomycea horton 
Erikson, Med. Res. Council Spec. Rept. 
Ser. 203, 1935, 36.) Named for the 
Horton War Hospital at Epsom, England 
from which the culture was obtained. 

Description from Erikson (loc, cit, 
p. 22). 

Typical germination into very slow 
growing unicellular mycelium composed 
of long slender straight branching fila¬ 
ments. Very sparse straight aerial my¬ 
celium produced only once on potato. 
Non-acid-fast. 

Gelatin: Round cream-colored colonic 
on surface and a few mm below. No 
liquefaction. 

Agar: Very slow growth, a few smooth 
cream-colored coiled colonies in ID da 3 rs; 
after 2 months, liberal, irregular, convo¬ 
luted growth. 

Glucose agar: Coiled and heaped up 
cream-colored translucent masses; after 
2 months, growth rounded, elevated, 
ridged outwards from hollow center. 

Glycerol agar: Coiled, colorless, lus¬ 
trous patches, isolated colony with cen¬ 
tral depression. 

Serum agar: Poor growth, small amor¬ 
phous cream-colored mass. 

Inspissated serum: Intricately coiled 
cream-colored growth. No liquefaction. 

Broth: Flakes. 

Synthetic sucrose solution: Poor 
growth, a few flakes. 

Synthetic glycerol solution: Delicate 
white flocculi at base. 

Litmus milk: Green surface growth, 
liquid hydrolysed, partly clear purple; 
later decolorized, brown. 

Potato agar: Colorless blister colonies 
in one week; dull green heaped and coiled 
mass after 3 weeks; medium becomes 
slightly discolored. 

Potato plug: After 3 weeks, abundant, 
colorless, umbilicated, round colonies, 
some coiled in raised masses; later, liberal 
olive-green growth, piled up, dense, 
velvety gray-green aerial mycelium at 
top of slant, small round fluffy white 
colonies in liquid at base. 



FAMILY STBEPTOMYCETACBAB 


963 


Source: From pus containing typical 
actinomycotic granules from parotid 
abscess. 

Habitat; From human infections so 
far as known. 

68. Streptomyces gibsonli (Erikson) 
comb, nov, {Actinomyces gibsonii Erik¬ 
son, Med. Res. Council Spec. Kept. Ser. 
203, 1935, 36.) Named for Prof. Gibson 
of Oxford. 

Description from Erikson {loc, cU,, 
p. 15). 

Young growing mycelium branches 
profusely at short intervals; later grows 
out into long frequently wavy filaments; 
twisted hyphae also seen on water agar. 
Power of producing aerial mycelium 
apparently lost. 

Gelatin: Dull white Hakes sinking as 
medium liquefies; liquefaction complete 
in 12 days. 

Agar: Small, cream-colored, depressed, 
partly confluent colonies, becoming an 
extensive wrinkled cream-colored skin. 

Glucose agar: Cream-colored wrinkled 
membranous growth. 

Potato agar; Wrinkled glistening mem¬ 
branous growth. 

Serum agar: Small moist cream-colored 
colonies growing into medium. 

Dorset’s egg medium: Small, round, 
smooth, colorless colonies; with conically 
elevated centers. 

Inspissated serum: Innumerable color¬ 
less pinpoint colonies with scant white 
aerial mycelium at top; after 8 days, a 
coherent wrinkled skin with brownish- 
red discoloration at reverse, medium be¬ 
coming transparent; completely lique¬ 
fied, pigmented brown in 15 days. 

Blood agar: Yellowish confluent bands, 
irregularly wrinkled, with small discrete 
colonies, clear hemolytic zone. 

Broth: Sediment of flocculi, some round 
and fan-shaped colonies. 

Synthetic sucrose solution: Very deli¬ 
cate white flocculi. 

Potato plug: No growth. 

Starch not hydrolyzed. 

Milk: Coagulated; partly peptonized. 


agar: Negative reaction. 

Source: From the spleen in a case of 
acholuric jaundice. Injected into a mon¬ 
key, and reisolated. 

Habitat: From human infections so 
far as known. 

*69. Streptomyces beddardil (Erikson) 
comb, nov, {Actinomyces beddardii Erik¬ 
son, Med. Res. Council Spec. Rept. Ser. 
203, 1035, 36.) Presumably named for 
the surgeon who first secured the culture. 

Description from Erikson {loc, cit,, 
p. 13). 

Rapidly growing, dense, spreading 
mycelium composed of very long slender 
filaments, many wavy or closely coiled, 
particularly on glucose agar; spirals less 
marked or lacking on poorer nutritive 
media like synthetic glycerol agar or 
water agar. Aerial mycelium sparse, 
short, straight on synthetic glycerol 
agar, much slower and more plentiful on 
glucose agar; later shows long, very fine 
spirals breaking up into small oval co- 
nidia; aerial hyphae straighter and more 
branched with shorter conidiophores on 
starch agar. Non-acid-fast. 

Gelatin; Dull white flakes sinking to 
bottom as medium liquefies; liquefaction 
complete in 8 days. 

Agar: Colorless, coherent, wrinkled, 
membranous growth with submerged 
margin; after 3 months, medium dis¬ 
colored, scant white aerial mycelium 
at top. 

Glucose agar: Wrinkled membranous 
growth; after 2 months, scant white 
aerial mycelium. 

Glycerol agar: Small, cream-colored, 
discrete colonies becoming confluent, 
under surface much buckled. 

Potato agar: Moist, cream-colored skin, 
convoluted, closely adherent. 

Ca-agar: Extensive, moist, cream- 
colored, wrinkled, membranous growth. 

Coon’s agar: Scant, cream-colored, 
membranous growth. 

Starch agar; Spreading, colorless 
growth, considerable white aerial my¬ 
celium. 
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Blood agar: Hemolysis. Growth in 
uniformly striated colorless bands, occa¬ 
sional round colonies at margin. 

Dorset’s egg medium: Extensive, very 
wrinkled, membranous growth, surface 
bright yellow. After 2 months, consider¬ 
able liquefaction. 

Serum agar: Wrinkled, glistening, 
cream-colored, membranous growth. 

Inspissated serum: Colorless smeary 
growth, reverse becoming transparent, 
starting to liquefy at base; completely 
liquefied and brown in 12 days. 

Broth: Suspended and sedimented 
colorless flocculi, some small round 
colonies. 

Synthetic sucrose solution; Abundant 
white colonies in coherent mass near 
bottom of tube; large shell-shaped 
masses. 

Synthetic glycerol solution: At first, a 
few round white colonies in suspension; 
later, large branched feathery mass at 
bottom. 

Milk: Coagulated; later peptonized. 

Litmus milk. Medium deep blue, be¬ 
coming hydrolyzed to clear purple. 

Potato plug: Colorless moist membra¬ 
nous growth with scant white aerial my¬ 
celium at top of plug. 

Starch is hydrolyzed. 

Tyrosine agar: Reaction negative. 

Source; Human spleen in a case of 
spleenic anemia. 

Habitat: From human infections so 
far as known. 

70. Streptomyces kimberi (Erikson) 
cotnb. nov. {Actinomyces kimberi Erik¬ 
son, Med. Res. Council Spec. Rept. Ser. 
203, 1935, 36.) Presumably named for 
the surgeon who first secured the culture. 

Description from Erikson {loc. cit.y 
p. 14). 

Mycelium of long stiaight profusely 
branching filaments forming circum¬ 
scribed colonies on all media with abun¬ 
dant production of short straight and 
branched aerial mycelium; small round 
conidia. Non-acid-fast. 

Gelatin; Liquefied. Smooth shining 


colonies becoming pow’dery white with 
aerial mycelium, floating on liquefied 
medium. No pigmentation. 

Agar; Smooth round moist cream- 
colored colonies, 1 mm in diameter; after 
17'days, white powdery aerial mycelium. 

Glucose agar: Discrete cream-colored 
colonics becoming confluent, white aerial 
mycelium. 

Glyccnd agar: Mnst cream-colored 
colonies becoming confluent, white aerial 
mj’^celium. 

Potato agar: Extensive growth covered 
by white i)owdery aerial mycelium; large 
colorless exuded droplets. 

Wort agar. Heavy brownish lichenoid 
colony; after 3(1 days, a white aerial 
mycelium. 

(’a-agar: Dull t. v am-colored scaly 
growth, covered by chalky white aerial 
mycelium. 

CcK)n’s agar: Extensive growth, white 
aerial mycelium in annular arrangement. 

Czapek’s agar: Small colonies covered 
with white aerial mycelium. 

Blood agar: Many large colonies, cream- 
colored, tough, smooth, glistening, with 
margin depressed; no hemolysis 

Serum agar: Moist, cream-eolored 
honeycombed skin, scant white aerial 
mycelium. 

Dorset’s egg medium • Closely adherent 
scale-like colonies, centrally elevated, 
with white aerial mycelium. 

Inspissated serum: Rapid spreading 
grow th, discrete round colonies at margin, 
completely covered with white aerial 
mycelium, colorless transpired drops; 
slight softening at base. 

Broth: Small round colonies in sedi¬ 
ment in 2 days; supernatant colonies 
wdth white aerial mycelium and large 
hollow flakes in sediment in 15 days; 
occasional reddish-browui coloration. 

Synthetic sucrose solution: Round 
white colonies at bottom; later small 
stellate colonies in suspension and a few^ 
supernatant with w hite aerial mycelium. 

Synthetic glycerol solution: Round 
white colonies at bottom; later coherent 
mulberry-like mass composed of fluffy 
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round portions; after 15 days, irregular 
wispy flocculi and large coherent mass. 

Milk: Coagulation; no peptonization; 
initial pinkish-brown ring descends until 
medium is dark brown throughout 
(2 months). 

Litmus milk: Blue coloration, hydro¬ 
lyzed to clear purple in 2 months 

Starch not hydrolyzed. 

Tyrosine agar: Reaction negative 

Source: Blood culture of a woman w'lth 
acholuric jaundice. 

Habitat: From human infections so 
far as known. 

71. Streptomyces somaliensis (Bnimpt) 
comb. noo. {Indivlla sonuilivn.sis Brumpt, 
Arch. Parasit , Paris, 10, 11)00, 4X0, 
Discomyrcti sowciIk rifiis Brumpt, Precis 
de Parasitologic, Paris, ‘Jnd cd , 1013, 
967; IndulUtpsiti .semo/o a.s/.s Brumpt, 
ibid.; Nocat (I la s<an(d ('halmcis 

and Christopherson, Ann Trop Med 
and l^arasit , 10, 1010, 230, Strcptclhi tu 
8omahcnsis Mivseher, Vrch Dcini. X'.vph- 
ilis, l'^4, 1017, 207; Actinotnyccs f^antalu 
ms St .lohn-Brooks, Med Res (’ouncil 
Sysi. of Bad., London, 8, 1031, 75 1 
Named for the country of oiigin, k’umch 
Somaliland. 

Description from Krikson (Med. Res 
Council Spec. Uept. Sor. 203, 1035, 17), 

Simple branching unicellular mycelium 
with long straight filaments, forming cir¬ 
cumscribed colony crovNued with short 
straight aerial mycelium. 

Gelatin: Cream-colored colonies, m(»- 
dium pitted; complete liquefaction in 
10 days; hard black mass at bottom. 

Agar: Abundant yelhnvish granular 
grow'th with small discrete colonies at 
margin; later grow'th colorless, colonies* 
umbilicated. 

Glucose agar: Poor growth, moist 
cream-colored elevated patch. 

Glycerol agar: Abundant grow'th, 
minute round to large convoluted and 
piled up masses, colorless to dark gray 
and black. 

Ca-agar: Round cream-colored colonics, 
depressed, umbilicated, piled up, thin 


white aerial mycelium; colonies become 
pale brown 

Potato agar: Small round colorless 
colonies, zona to margin depressed, con¬ 
fluent portion dark greenish-black. 

Blood agar. Small dark brown colonics, 
round aiul umbilicated, piled up con- 
lliient bands, reverse red-black; heinol- 
y.sis 

Dorset ^s egg meclium: Extensive color¬ 
less growth, partly discrete; becoming 
opaque, (*ieam-colorcd, very wTinkled; 
later rough, yellow, mealy, portion liquid. 

Serum agar. Spreading yellow-brown 
skin, intricately convoluted. 

Inspissated serum: Cream-colored 
coiled colonies, medium pitted, traiLS- 
pircnt and slightly liejuid. 

Broth. A few round white colonies at 
surface, numerous fluffy masses in sedi¬ 
ment ; later large irregular mass breaking 
into wisps. 

Synthetic sucrose solution: Minute 
round white Huffy colonies in sediment; 
after 17 days, scant wispy growth. 

Milk. Soft semi-liriiiid coagulum w'hich 
undergoes digestion; heavy wrinkled 
surface pellicle, completely liquefied in 
12 days. 

Litmus milk: Soft coagirium, partly di¬ 
gested, blue surface ring; clear liquid 
in 12 days. 

Potato plug: Abundant grow’th, colonies 
round and oval, partly piled up in 
rosettes, frosted with whitish-gray aerial 
mycelium, plug discolored; after 16 days, 
aerial mycelium transient, growth nearly 
black. 

Although Slreplo?ni/ccs somaliaisis has 
been know'll for a long time, there has 
been until recently no detailed descrip¬ 
tions of the organism beyond the fact 
that it possesses a distinctly hard sheath 
around the grain which is insoluble in 
ixitash and eau de javelle. The rare oc¬ 
currence of septa and occasional inter¬ 
calary chlamydospores is reported by 
Brumpt (Arch Parasit., 10, 1905, 562), 
but has not been confirmed by Erikson 
(loc. cit.). Chalmers and Christopherson 
(Ann. Trop. Med. Parasit., 10, 1916, 22^^) 
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merely mentioned the growth on potato 
as yellowish-white and lichenoid with¬ 
out describing any aerial mycelium. 
Balfour in 1911 reported a case but gave 
no data, and Fulleborn limited his de¬ 
scription to the grain (Arch. Schiffs. 
Trop. Hyg., 15, 1911, 131). This species 
was first placed in Indiella, a genus of 
fungi, by Brumpt (1906, loc. cit.). Later 
Brumpt (1913, loc. cit.) proposed a new 
genus or subgenus, Indiellopsis, contain¬ 
ing the single species Indiellopsis 
somaliensis. 

Source: Yellow-grained mycetoma, 
Khartoum (Balfour, 4th Kept. Wellcome 
Trop. Res. Lab., A. Med., London, 
1911, 365). 

Habitat: This condition has been ob¬ 
served by Baufford in French Somaliland, 
by Balfour (loc. cit.) in the Anglo-Egyp- 
tian Sudan, by Fulleborn (loc. cit.) in 
German So. West Africa and by Chalmers 
and Christopherson (loc. cit.) in the 
Sudan. 

72. Streptomyces panjae (Erikson) 
comb. nov. (Actinomyces panja Erikson, 
Med. Res. Council Spec. Rept. Ser. 203, 
1935, 36.) Named for Dr. Panja who 
first secured the culture. 

Description from Erikson (loc. cit., 
p. 16). 

Unicellular mycelium with slender 
branching filaments; very small round 
colonies; no aerial mycelium visible on 
any medium, but occasional isolated 
aerial branches. Non-acid-fast. 

Gelatin: Complete liquefaction in 
4 days. 

Agar: Colorless irregularly piled up 
convoluted growth; after 1 month, 
easily detachable, brownish. 

Glucose agar: Small colorless coiled 
mass in 1 week; heaped up green growth 
in 2 weeks. 

Glycerol agar: Poor growth, scant 
colorless patch. 

Ca-agar : Colorless to pink spreading 
growth with minute discrete colonies at 
margin; after 2 weeks, bright red mass, 


buckled and shining, colorless sub¬ 
merged margin. 

Coon’s agar: Small submerged colorless 
growth. 

Potato agar: Small elevated convoluted 
colorless masses with purple tinge in 
center.* 

Dorset’s egg medium: Small round 
tough colorless colonies, margin well em¬ 
bedded; after 3 weeks, colonies elevated, 
warted, darkened, medium discolored 
and broken; slight degree of liquefaction, 
medium dark brown. 

Serum agar: Colorless, glistening, piled 
up, convoluted mass. 

Inspissated serum: Small round blister 
colonies and irregularly convoluted 
patches deeply sunk in pitted medium; 
after 2 weeks, medium transparent, 
slight degree of liquefaction. 

Broth: Flakes and minute colorless 
colonies. 

Glucose broth: Poor growth, scant 
flakes, pinkish. 

Synthetic sucrose solution: Pinkish 
flocculi; after 3 weeks, moderate growth, 
minute colorless colonies. 

Milk: Coagulation; pale green surface 
growth; mostly digested in 2 weeks. 

Litmus milk: Soft coagulum, color un¬ 
changed ; after 2 months, mostly digested, 
residue coagulum light purple. 

Source: From an ulcer of the abdominal 
wall, Calcutta. 

73. Streptomyces willmorei (Erikson) 
comb. nov. (Actinomyces wilhnorei Erik¬ 
son, Med. Res. Council Spec. Rept. Ser. 
203, 1935, 36.) Named for Dr. Willmore 
who isolated the culture. 

Description from Erikson (loc. cit., 
p. 19). 

Germination usual, but growing uni¬ 
cellular mycelium frequently branches 
at very short intervals, presenting pe¬ 
culiar clubbed and budding forms with 
occasional separate round swollen cells 
which may represent the cystites of other 
writers. The filaments are character¬ 
istically long, homogeneous, and much 
interwoven. Aerial mycelium is profuse 
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in most media, with a marked tendency 
to produce loose spirals (water and 
synthetic glycerol agar) with chains of 
ellipsoidal conidia. Thick aerial clus¬ 
ters may also be formed. 

Gelatin: Minute colorless colonies; 
liquefaction. 

Agar: Heavy folded colorles.s lichenoid 
growth, rounded elevations covered with 
white aerial mycelium; later, submerged 
margin, round confluent growth, aerial 
mycelium marked in concentric zones. 

Glucose agar: Colorless wrinkled con¬ 
fluent growth with smooth entire margin, 
large discrete colonies like flat rosettes; 
after 4 months, scant white aerial my¬ 
celium. 

Glycerol agar: Round smooth cream- 
colored colonies, heavy texture, margin 
submerged, stiff sparse aerial spikes; 
after 3 weeks, colonies large (up to 10 mm 
in diameter). 

Ca-agar: Spreading colorless growth, 
pitting medium, submerged undulating 
margin; very scant white aerial my¬ 
celium. 

Coon’s agar: Opaque white growth ex¬ 
tending irregularly (up to 3 mm) into 
medium, margin smooth and submerged, 
center raised, greenish tinge covered 
with white aerial mycelium; after 3 
weeks, margin green, central mass 
covered by gray aerial mycelium. 

Potato agar: Fair growth, partly sub¬ 
merged, covered with grayish-white 
aerial mycelium; medium becomes dis¬ 
colored. 

Blood agar: Heavily textured small 
drab colonies, aerial mycelium microscop¬ 
ical; no hemolysis. 

Dorset’s egg medium: Large, round, 
colorless, scale-like colonies, radially 
wrinkled; growth brownish, medium 
discolored in 2 weeks. 

Serum agar: Smooth colorless discoid 
colonies; marked umbilication after 2 
weeks. 


Broth: Large fluffy white hemispherical 
colonies, loosely coherent. 

Synthetic sucrose solution; A few large 
round white colonies with smooth partly 
zonate margins, lightly coherent in sedi¬ 
ment; later smaller colonies in suspension 
attached to side of tube. 

Milk: Coagulation; one-third pep¬ 
tonized. 

Carrot plug: Colorless raised colonies 
with powdery white aerial mycelium; 
after 1 month, very much piled up, aerial 
mycelium gray; after 2 months, super¬ 
abundant growth around back of plug, 
confluent, greatly buckled, all-over gray 
aerial mycelium. 

Source: Streptothricosis of liver (Will- 
more, Trans. Roy Soc. Trop. Med. Hyg., 
17, 1924, 344). 

Habitat: From human infections so far 
as known. 

^Appendix: The following names have 
been used for species of Sireptomyces. 
Many of them are regarded as new by 
their authors merely because they were 
isolated from a new type of lesion, or 
from some animal other than man. 
Others are inadequately described species 
from air, soil or water. Relationships 
to other better described species are 
usually very obscure. Some of the 
species listed here may belong in the 
appendix to the genus Nocardia. 

Actinomyces aerugineus Wollenweber. 
(Arb. d. Forschuiigsinst. f. Kartoffelbau, 
1920, 16.) From deep scab on potato. 

Actinomyces albidofuscus Neukirch. 
{Actinomyces albido fuse us Berestnew, 
Inaug. Diss., Moskow, 1897; see Cent. f. 
Bakt., I Abt., 1898, 707; Neukirch, 
Inaug. Diss , Strassburg, 1902, 3.) 

From grain. 

Actinomyces albidus Duch4. (Ency¬ 
clopedic Mycologique, Paris, 6, 1934, 
266.) 

Actinomyces alhoatrus Waksman and 


♦This appendix was originally prepared by Prof. S. A. Waksman and Prof. 
A. T. Henrici, May, 1943; it has been developed further by Mrs. Eleanore Heist 
Clise, Geneva, New York, August, 1946. 
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Curtis. (Soil Science, 1, 1916, 117.) 
From adobe soil. 

Actinomyces alhoviridis Duch(5. (Kii- 
cyclop^die Mycologique, Paris, 6*, 1934, 
317.) 

Acimomyces albus (Rossi Doria) Gas 
pcrini. (Streptotrix (sic) alba Rossi 
Doria, Ann. d. 1st. d’lg. sper. d. Univ. 
di Roma, J, 1891,421; Streptothrix Nos. 2 
and 3, Almquist, Ztschr. f. Hyg., 8, 
1890, 189; Ouspora doriae Sauvageau and 
Radais, Ann Inst. Past., 1S92, 251; 
Actinomyces boris albus Gaspcrini, Atti 
Soc. Tosc. Scicnz. Nat., P. V., 9, 1894; 
Gasperini, Gent. f. Bakt., /5, 1894, 
685.) A general name applied to the 
most common streptomyces in air and 
water, 

Actinomyces albus asporoyenes l^cresi- 
ncw. (Inaug. Diss.. Moskow, 1807; .see 
Cent. f. Bakt., I Abt , 34, 1898, 708 ) 

Actinomyces albus var. ochralcucus 
Wollenweber. (Arb. d. Forschungsinst 
fur Kartoflfelbau, 1920, 16.) 

Actinomyces albus - vulgaris ( iani 
(Quoted from Baldacci, Boll. Soz. Ital 
Soc. Intcrnaz. di Microbiol., .9, 1937, 
140.) 

Actinomyces almquisti Duchd. 
(Duchd, Encyclopedic Mycologicjue, 
Paris, 6, 1934, 278.) From culture 

labeled Actinomyces albus (Krainsky) 
Waksman and Curtis (Soil Sci., /, 1916, 
117; said to resemble Streptothrix No. 1, 
Almquist, Ztschr. f. Hyg,, 5, 1890, 189). 

Actinomyces aim Peklo. (Cent, f 
Bakt., H Abt., 27, 1910, 451.) From 
swellings of the roots of Alnus glutinosa. 

Actinomyces annulatus Wollenweber. 
(Arb Forschungsinst. fur KartofFelbau, 
1920, 16.) From dark-colored |K)tato 
stem. 

Actinomyces {Streptothrix) annulatus 
Beijerinck. (Folia Microbiologica, /, 
1912, 4.) 

Actinomyces aurea (du Bois Saint 
Sdvdrin) Ford. {Streptothrix aurea du 
Bois Saint Sdvdrin, Arch, de mdd. nav., 
1895, 252; Nocardia aurea Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913,818; Oospora aurea Sartory, Champ. 
Paras. Homme et Anim., 1923,818; Ford, 


Te.xtb. of Bact., 1927, 220; not Actino- 
myces aureus Waksman and (Airtis, Soil 
Science, 1, 1016, 124.) Possibly synony¬ 
mous with Actinomyces aureus Lachner- 
Sandoval, Die Strahlenpilze, 1893, ac¬ 
cording to Lieske, Morphol. u. Biol, 
d. Strahlenpilze, Leipzig, 1921, 26. 
Found in conjunctivitis. 

Actinomyces hellisari Dodge. {Strep- 
.othnx alba Bclhsari, Ann. Ig. Speriin., 
IJ,, 1904, 467; Oospora alba Sartory, 
Champ. Paras Homme et Anim., 1023, 
819; Dodge, Medical Mycology, St. 
Louis, 1935, 711.) Isolated in a ware 
house in Naples from the dust of cereal 
coming from (’alifornia. 

Actinomyces bovis var. mgenanus ICrik- 
son. (Med Res. Council Spec. Rept. 
Ser 203,19.35 20 and .36.) Fromstrepto 
thrieosis of the skin of cattle} in Nigeria. 

Actinomyces ennduhis (Petruschky) 
Bergey et al. (Stri ptothriz Candida 
(Gedanensis II) Petruschky, Verhandl. 
d. Kongr. f. innere MvcL, 1898; see 
Petruschky, in Kolle and Wassermann, 
Handl). d path. Mikroorg., 2 Aufl., 5, 
1913, 285 and 294; Nocardia Candida 
Gastellani and Ghalinerto, Mau. Trop. 
Med., 2nd ed., 1913, SIS; Discomyces 
candid us Brumpt, Precis do ParasitoL, 
Paris, 3r(l cd., 1922, 980; Bergey et al.. 
Manual, 1st ed.,'1023, .147) From hu¬ 
man lung. 

Actinomyics carneus (Rossi Doria) 
Gasperini. (Streptotrix caincu Rossi 
Doria, Ann. 1st. d’lg. sper. llniv. Roma, 
f, 1891, 415; Gasperini, ibid., 2, 1892, 
222; Oospora carnea Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 2, 1896, 
388; Cladothnx carnea Macd, Trait6 
Pratique de Baet., 4th ed., 1901, 1096; 
Discomyces carneus Brumpt, Pr<^eis de 
ParasitoL, 2nd od., 1913, 976; Nocardia 
carnea (Castellani and Chalmers, Man. 
Trop. Med., 2nd ed., 1913, 818.) From 
air. 

Actinomyces carnosus Millard and 
Burr. (Ann. Appl. BioL, IS, 1926, 601.) 
From scab on potato. 

Actinomyces casei Bernstein and Mor¬ 
ton. (Jour. Bact., 1934, 625.) Ther¬ 
mophilic. From pasteurized cheese. 
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Actinomyces caii (llivolta) Gasperini. 
(Discomyces caii Rivolta, 1878; Gas¬ 
perini, Cent. f. Bakt., 16, 1894, 684.) 
Cause of a disease in a cat. 

Actinomyces cerebrijormis Namyslow- 
ski. (Namyslowski, Cent. f. Hakt., I 
Abt., Orig., 62, 1912 , 564; Slrcptothnx 
cerehrifonnis Chalmers and Christophor- 
son, Ann. Trop. Med. and Parasit., 10, 
1916, 273; Nocardia cerehrifonnis Viiille- 
min. Encyclopedic Mycologique, Paris, 
2, 1931, 126.) From an infection the 
cornea of the human eye. 

Actinomyces ccreus. (Quoted from 
Lieske, Morphol. u. Biol. d. Strahlen- 
pilze, Leipzig, 1921, 33.) 

Actinomyces chromoficnus (Gasperini) 
Gasperini. (Strcptolnx niyia Rossi 
Doria, Ann d. 1st. d’lg. sper d Univ. 
di Roma, 1, 1891, 419; Slrcp'otnx crnmo- 
(jena (sic) Gasperini, according to R<wsi 
Doria, idem ; Gasperini, ibid , 1S9‘2,222; 

Oospora chromogenes Lehmann aiv^ Neu¬ 
mann, Bakt Diag . 1 Aufl , 2, 1890, 389; 
Cladoihrix chromogc?irs Mace, Traite 
Pratique de Bact , 4th ed , l(K)i, 1975, 
Actinomyces nigcr Brumpt, Precis de 
Parasitol., Paris, 4th ed , 1927, 1206 ) 
A general name for strep!omyces trom 
air producing a dark chromogenesis on 
protein media. 

Actinomyces cinereonigeraromaticus 
Neukirch. (Actinomyces cinereus niger 
aromaticus Berest new, Inaug. Diss., 
Moskow, 1897; see Cent, f. Bakt , I Abt., 
24, 1898, 707; Neukirch, Inaug. Diss., 
Strassburg, 1902, 3, Nocardia cinereo- 
nigra Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
271; Streptothrix cinereonigra aromcitica, 
attributed to Berestnew by Chalmers 
and Christopherson, idem; Actinomyces 
cinereo-niger, quoted from Lieske, Mor¬ 
phol. u. Biol. d. Strahlenpilze, Leipzig, 
1921, 33.) From grain. 

Actinomyces citreus Gasperini. (Gas¬ 
perini, Cent. f. Bakt., 16, 1894, 684; 
Streptothrix citrea Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896 , 63; 
not Actinomyces citreus Krainsky, Cent, 
f. Bakt., II Abt., 41, 1914, 662.) 


Actinomyces clavifer Millard and Burr. 
tAnn. Appl. Biol., 13, 1926, 601.) , From 
.scab on potato and from soil. 

Actinomyces coroniformis Millard and 
Burr. (Ann. .Vppl. Biol., 13, 1926, 601.) 
From peat soil. 

Actinomiiccs croUnfer Millard and 
Burr (Aniv. Apid. Biol., 13, 1926, 601.) 
From scab on jiotato 

Aclinomyces cloacae Brussoff. (Cent, f. 
Bakt., 11 Abt , 4^,1919,97.) Frommud. 

Actinomyces cretaccus (Kruger) Wol- 
lenwcbor. (Oospera cretacea Kruger, 
Berichte der Versuchsstat. f. Zucker- 
rohrs, Kergok-Legal, 1890, Wollenweber, 
.\rbciten d. Forschungsinstitut fiir I^r- 
tofTelbau, 1920,16 ) From |X3tato scab. 

Actinomyces dicksonu Krikson. (Med. 
Res Council Spec Rept. Ser. 203, 1935, 
17.) 

Actinomyces tlaslica Sohngen and Fol. 
(Cent. f. Bakt., II Abt., 40, 1914, 92.) 
From garden earth. 

Achri'miyn s ferrugincus Xaumann. 
(Kungl Svi'uska Veten^kapsakad. 
llandl , I, 62 , Part 4, 1021, 45 ) From 
.Vneboda region of Sweden. Deposits 
ferric hydroxide about the mycelial 
threads 

Actinomyces Jiliformis (Boas) Nan- 
nizzi. (Bacillus Jiliformis Boas, 1897; 
not Bacillus Jiliformis Tils, Ztschr. f. 
llyg., .9, 1890, 294; not Bacillus Jiliformis 
Migula, Syst. d. Bakt., 2, 1900 , 387; 
Nocardia Jiliformis Viiillemin, Encyclo¬ 
pedic Mycologique, Paris, 2, 1931, 132; 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 26.) From the human 
stomach. 

Actinomyces fimbnatus Millard and 
Burr. (.\nn. Appl. Biol., 13, 1926, 601.) 
From scab on potato. 

Actinomyces flavogrisens Duch(^. (En- 
cyclopi$die Mycologique, Paris, 6, 1934, 
341.) From volcanic soils (Martinique). 

Actinomyces flavus Sanfelice. (San- 
felice, Cent. f. Bakt., I Abt., Orig., 36,' 
1904, 359; Streptothrix flava Sanfelice, 
ibid.; not Streptrdhrix flava Chester, 
Manual Determ. Bact., 1901, 362; not 
Actinomyces flavus Krainsky, Cent. f. 
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Bakt., II Abt., 1914, 662.) From 
air. 

Actinojnyces flaws MilJiird and Burr. 
(Millard and Burr, Ann. Appl. Biol., 
15, 1926, 601; not Actinomyces flaws 
Sanfelice, Cent. f. Bakt., I Abt., Grig., 
55, 1904 , 359; not Actinomyces flavus 
Krainsky, Cent. f. Bakt., II Abt., 41, 
1914, 662; not Actinomyces flavus Dodge, 
Medical Mycology, St. Louis, 1S35, 752.) 
From scab on potato. 

Actinomyces foerstcri (Cohn) Gas- 
lierini. (Streptothrix foersteri Cohn, 
Beitr. z. Biol. d. Pflanz., Heft 3, 1875, 
186; Claihthrix foersteri Winter, Die 
Pilze, in Rabenhorat^s Kryptogamen- 
Flora, I Abt., 1, 1884, 60; Nocardta 
foersteri Trevisan, I generi e Ic specie 
delle Batteriacee, 1889, 9; Oospora 
foersteri Sauvageau and lladais, Ann. Inst. 
Past., 5, 1892, 252; Gasperini, Cent. f. 
Bakt., 15, 1894, 684; Disconiyces foersteri 
Gedoelst, Les champignons parasites de 
Phomme et des animaux domestiques. 
Brussels, 1902, 176; Cohnistreptothrix 
foersteri Pinoy, Bull. Inst. Pasteur, 
Paris, 11, 1913, 937.) The first strepto- 
myces to be described. Probably not 
identifiable. From an inflamed tear 
duct. Chalmers and Christopherson 
(Ann. Trop. Med. and Parasit., Id, 1916, 
273) include Leptothrix oculoruni Soro¬ 
kin, 1881 as a synonym of this species. 

Actinomyces fusca Sohngen and Fol. 
(Cent. f. Bakt., II Abt., 1914, 87.) 
From garden earth. 

Actinomyces gabritschewskii Ncukircli. 
{Actinomyces of Gabritschewsky, Berest- 
new, Inaug. Diss., Moskow, 1897; see 
Cent. f. Bakt., I Abt., 1898, 708; 
Xeukirch, Inaug. Diss.. Strassburg, 1902, 
3.) From water. 

Actinomyces gedanensis (Lohlein) Ber- 
gey et al. {Streptothrix gedanensis /, 
Scheele and Petruschky, Verhandl. d. 
Kongr. f. inriero Med., 1897, \ Strepto- 

ihrix gedanensis Lohlein, Ztschr f. Hyg., 
55, 1909, 11; Nocardia gedanensis Chal¬ 
mers and Christopherson, Amu Trop. 
Med. and Parasit., Id, 1016, 255; Disco- 
myces gedanensis Brumot, Precis de 


Parasitol., Paris, 3rd ed., 1922, 984; 
Ber^ey et al.. Manual, 1st ed., 1923,347.) 
From sputum of patient with chronic 
lung disease. 

Actinomyces gihsoni Dodge. {Strepto¬ 
thrix sp. Gibson, Jour. Path. Bact,, 28, 
1920, 357; Oospora sp. Sartory, Champ. 
Paras. Homme et Anim., 1923, 776; 
Dodge, Medical Mycology, St. Louis, 
1935, 722.) Sec page 961. 

Actinomyces gracilis Millard and Burr. 
(Ann. Appl. Biol., 13, 1926, 601.) From 
scab on potato. 

Actinomyces graminearum Berestnew. 
(Berestnew, Inaug. Diss., Moskow, 1897; 
see Cent. 4. Bakt., I Abt., 54, 1898, 707; 
Nocardia graminarium (sic) Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., 10, 1916, 265; Streptothrix 
graminarium Chalmers and Christopher¬ 
son, idem.) From grain. 

Actinomyces graminis Topley and 
Wilson. (Aktinomyces, Bostroem, 
Beitr. path. Anat. u. Path., 9, 1891, 1; 
Topley and Wilson, Princip. Bact. and 
Immun., 1st ed., 1, 1931, 250; Actino¬ 
myces bosiroemi Baldacci, Boll. Sez. 
Ital. Soc. Internat. Microbiol., 9, 1937, 
141.) From bovine actinomycosis. 

Actinomyces gruberi Terni. (Terni, 
Cent. f. Bakt., 16, 1894, 362; Nocardia 
gruberi Blanchard, in Bouchard, Traitd 
Path. G4n., 2, 1896, 855; Streptothrix 
grueberi (sic) Sanfelice, Cent. f. Bakt., 

I Abt., Grig., 55, 1904 , 356; Oospora 
gruberi, quoted from Nannizzi, Tratt. 
Micopat. Umana, 4, 1934, 51.) From 
soil. Produces several pigments on 
culture media. 

Actinomyces guignardi (Sauvageau and 
lladais) Ford. {Oospora guignardi Sau¬ 
vageau and Radais, Ann. Inst. Past., 5, 
1892, 255; Ford, Textb. of Bact., 1927, 
220.) From dust. Gasperini {loc. cit.) 
regards this as a possible synonym of 
Actinomyces chromogenus. 

Actinomyces halotrichis ZoBell and 
Upham. (Bull. Scripps Inst. Oceanog¬ 
raphy Univ. California, 5, 1944 , 273.) 
From marine mud and kelp. 

Actinomyces heimi Duch4. (Encyclo- 
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p6die Mycologique, Paris, 6, 1934, 359.) 

Actinomyces hoffmanni (Gruber) Gas- 
perini. (Micromycea hofmanni (sic) 
Gruber, Munch, med. Wochnschr., 1891; 
also Arch, f. Hyg., 16y 1893, 35; Oospora 
hoffmanni Sauvageau and Radais, Ann. 
Inst. Past., 6y 1892, 252; Gasperini, 
Cent. f. Bakt., 15, 1894, 684; Streptothriz 
hofmanni Kruse, in Flugge, Die Mikro- 
organismen, 3 Aufl., 1896, 62; Clado^ 
thrix hoffmanni Mac6, Traits Pratique 
de Bact., 4th ed., 1901, 1081.) Patho¬ 
genic. See page 976. 

Actinomyces holmesi (Gedoelst) Nan- 
nizzi. (Discomyces holmesi Gedoelst, 
Champ. Paras. Homme et Anim., 1902, 
Nannizzi, Tratt. Micopat. Umana, 4, 
1934, 49.) 

Actinomyces hominis Waksman. (Soil 
Science, 8, 1919, 129.) Culture received 
from K. Meyer from Foulerton v ho iso¬ 
lated it in 1911 from an abscess of the 
palm. Waksman {loc. cit.) and Raldacci 
(Mycopathologia, ;8, 1940, 160) regard 
this as identical with Bostroem’s organ¬ 
ism (see Actinomyces gramints above) 
and Baldacci has renamed it AcLiiiomyces 
innominatus. 

Actinomyces incanescens Wollenweber. 
(Arb. Forschungsinst. fur Kartoffelbau, 
1920, 16.) From the soil of potato fields 
near Berlin. 

Actinomyces intermedins (Krviger) Wol¬ 
lenweber. (Oospora intermedia Kruger, 
Berichte der Versuchsstat. f. Zucker- 
rohrs, Kergok-Lcgal, 1890; Wollenweber, 
Arb. d. Forschungsinst. fur Kartoffelbau, 
1920, 16.) From the soil of potato fields 
near Berlin. 

Actinomyces interproximalis (Fennel) 
Ford. (Streptothrix interproximalis 
Fennel, Jour. Inf. Dis., 1918, 567; 
Ford. Textb. of Bact., 1927, 195.) From 
the mouth. 

Actinomyces invulnerabilis (Acosta and 
Grande Rossi) Lachner-Sandoval. (Cla- 
dothrix invulnerabilis Acosta and Grande 
Rossi, Cronica medicoquirurgica de la 
Habana, No. 3, 1893; see Cent. f. Bakt., 
14y 1893, 14; Streptothrix invulnerabilis 


Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl., 1896, 64; Lachner-Sandoval, 
Ucber Strahlenpilze, Scrassburg, 1898; 
Nocardia invulnerabilis Chalmers and 
Christopherson, Ann, Trop. Med. and 
Parasit , 10, 1916, 271.) From river 
water. 

Actinomypes krausei (Chester) Ford. 
(Streptothrix aus Eiter, Krause, Miinch. 
med. Wchnschr., 46, 1899, 749 and Cent, 
f. Bakt., I Abt., 26, 1899 , 209; also see 
Petruschky, in Kolle and Wasserinann, 
2 Aufl., 5, 1913, 267; Streptothrix krausei 
Chester, Manual Determ. Bact., 1901, 
364; Nocardia krausei Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1016, 263; Discomyces 
krausei Brumpt, Precis de Parasitol., 
Paris, 3rd ed., 1022, 993; Ford, Textb. 
of Bact., 1927, 208.) From actinomy¬ 
cotic pus. 

Actinomyces lacertac Terni. (Term, 
L^Officiaie Sanitario, 1806, 160; Strepto¬ 
thrix lacertae Foulerton, in Allbutt and 
Rolleston, Syst. of Med., 2, 1912, 309; 
Oospora lacertae Sartory, Champ. Paras. 
Homme et Anim., 1923, quoted from 
Nannizzi, Tratt. Micopat. Umana, 4, 
1934, 51.) From grayish nodules in the 
liver of Italian lizards (Lacerta vtridis 
and L. agilis). 

Actinomyces lathridii (Petruschky) 
Ford. (Streptothrix lathridii Pe¬ 
truschky, Verhandl. d. Kong, f innere 
Med,, 1898; Ford, loc. cit., 205.) From 
the b(5etle, Latkridius rugicollis. 

Actinomyces loidensis Millard and 
Burr. (Ann. Appl. Biol., IS, 1926, 601.) 
From scab on potato 

Actinomyces luteo-roseus Sanfelice. 
(Actinomyces bovis luteoroseus Gasperini, 
Cent. f. Bakt., 16, 1894, 684; Sanfelice, 
Cent. f. Bakt., I Abt., Grig., 36, 1904, 
355.) Isolated from actinomycotic le¬ 
sion in cattle. 

Actinomyces marginatus Millard and 
Burr. (Ann. Appl. Biol., IS, 1926, 601.) 
From scab on potato. 

Actinomyces marinolimosus ZoBell and 
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Upham. (Bull. Scnpjis lust. Oceauog 
raphy Univ. (California, 5, 1941, 256.) 
From marine mud. 

Actinomyces melanoroseus lioisin. 
(Wist* Xauk Doslid. Kat. biol. Odessa, 
/, 1929, 60.) 

.^1 ctinomyces tneJch h ikori (Sauvageau 
and Kadais) Ford. (Oospura meichni- 
kowi Sauvagoau and lladais, .\im Inst 
Past., 6', 1802, 242; Ford, loc. cit., 220.) 
From water. G!i.sperini {loc. cit.) re¬ 
gards this organism as a possible .«iynonym 
of Actinomyces chromogenus. 

Actinomyces fnnris rntit Li(\ske. 
{Streptolhrix ratti Schottrniiller, Dcrmat 
Wochnschr., 58, 1914, Supplement, 77; 
Streptolhrix muris-ratti Dick and Tunni- 
clifif. Jour. Inf. Dis , 23^ 191S, 1S6; Lioske, 
Morpliol. u. Biol. d. Strahlenpilze, Leip¬ 
zig, 1921, 31; regarded as identical with 
Streptobacilhis vionihjormis Ijovaditi, 
Nicolau and Poincloux, Compt rend 
Acad. Sci. Paris, 180, 1925,1188 by Toploy 
and Wilson. Prineip. of Baci. and Immun . 
2nd ed., 1936, 274. The latter organism 
is regarded as identical witli Ilarcrhillin 
multiformis Parker and Hudson, Amer. 
Jour. Path., 2, 1926, 357 by Van Uooyen, 
Jour. Path, and Bact., 1936, 469; 
Actinomyces muris Topley and WiLson, 
loc. cit.) From a case of rat-bite fever. 

Actinomyces musculorum Uertwig. 
{Actinomyces musculorum .suis Duncker, 
Ztschr. f. Microskopie u. Fleischbeschau, 
S, 1884. No. 3; Ilcrtwig, Arch. f. wis- 
sensch. u. prakt. Thierheilk., J2, 1886, 
365; Oospora musculorum suis Lehmann 
and Neumann, Bakt Diag., 1 Aufl., 
2f 1896. 383.) Seen in calcareous de¬ 
posits in the muscles of swine. 

Actinomyces myricac Peklo. (Gent 
f. Bakt., II Abt., 27, 1910, 451.) From 
the roots of Myrica. 

Actinomyces from Ncddeni, Namy- 
slowski. (Cent. f. Bakt., I Abt., Orig., 
62, 1912, 664.) From the human eyelid. 

Actinomyces nigricans Killian and 
Feh^r. (.knn. Inst. Past., 55, 1935, 620.) 
From desert soil. 

Actinomyces nigrificans (Kriiger) Wol- 


lenwcbcr. {Oospora niyrificans Kriiger, 
Berichtc der Versuchsstat. f. Ziicker- 
rohrs, Kcrgok-Logal, 1890; Wollciiwcbcr, 
Arb. Forschiingsinst. fiir KartofTelbau, 
1920, 10.) From potato scab. 

Actinomyces nitrogenes Sartory, Sar- 
tory, Meyer and Walter. (Bull. Acad. 
Med., Paris, 116, 1936, 186; also Ann. 
Inst. Past., 58, 1937, 684.) From sputum. 

Actinomyces nivea. (Incorrectly at¬ 
tributed to Krainsky, 1914 by (>halmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., 10, 1916, 270.) 

Acitnomycis nondinslnficus Bergey 

af. (Var. b. licrgey. Jour. Baet., 4, 
1919. 301; Jh'rgev et a! . Manual, 1st ed., 
1923, 371 ) Frf)in air. 

AclinomyciS ochraccus Noukirch. 
(lJ(‘bpr Actinomyceton, Strassburg, 1902, 
4.) From soil. 

Actinnuiyces ochroteucus Xeukrich. 
(I’eber Actinomyceton, Strassburg, 1902, 

4. ) From soil. 

Actinomyces odoiifcra Ko<‘lz. (Inaug. 
Diss., Kiel, 1934; Lc J^it, 16, 1936, 154.) 

Actinomyces oligocarhophilus Lantzsch. 
(Lantzseh, (\‘nt. f. Bakt., II Abt., 57, 
1922, 309; Pi oactinomyces oligocarhophi¬ 
lus Krassilnikov, Bull. Acad. 8ci., U. 

5. 8. R., No. I, 1938, 139.) Lantzsch 
regards this organism as khmtical with 
Bacillus oligocarhophilus Beijerinck and 
Van Delden, Cent. f. Bakt., II Abt., 10, 
1903 , 33 {Carboxydomonas oligocarbo- 
phi la Orla-Jensen, Cent. f. Bakt., II 
Abt., 22, 1909, 311). Secures growth 
energy by oxidizing CO to COo. From 
soil. See Manual, 5th ed., 1939, 81 for a 
description of the bacillary stage of thi.s 
organism. Carboxyodomonas oligocarbo- 
phila Orla-Jensen is the type species of 
the genus Parborydomonas Orla-Jenson 
Hoc. cit.) 

Actinomyces orangico-niger. ((Juoted 
from Lieske, Morphol. u. Biol. d. Strah- 
Icnpilze, liCipzig, 1921, 33.) 

Actinomyces orangicus. (Quoted from 
Lieske, Morphol. u. Biol. d. Strahlcu- 
pilzc, Leipzig, 1921, 33.) 

Actinomyces pelogenes Sawjalow 
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(Cent. f. Bakt., II Abt., S9, 1913, 440.) 
From mud containing hydrogen sulfide. 

Actinomyces pluricolor Terni. (Strep- 
iothrix pluricolor Fuchs; Terni, quoted 
from Gasperini, Cent. f. Bakt., 15, 1894, 
684; Nocardia pluricolor Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 268.) 

Actinomyces pluricolor diffundens Ber- 
eatnew. (Inaug. Diss., Moskow, 1897; 
nee Cent. f. Bakt., I Abt., 24 , 1898, 708.) 
From air. 

Actinomyces praecox Millard and Burr. 
(Ann. Appl. Biol., 13, 1926, 601.) From 
scab on potato. 

Actinomyces praefecundus Millard and 
Burr. ('Ann. Appl. Biol., 13, 1926, 601.) 
From scab on potato and from soil. 

Actinomyces protca (Schiirmayer) 
Ford. {Oospora proteus and i^lreptothnx 
proteus Schurmay(3r, Cent. 1. Bakt , I 
Abt., 27, 1900, 58; Ford, lor. cU.. 208.) 
From an abscess of the foot. 

Actinomyces psvudotuberculosae (Fle.x- 
ner) Brurnpt. (Streptothiix pseudotuber- 
culosa Flexner, Jour. Exj). xMed., S, 
1898 , 438; Brunipt, Precis de Parasit., 
Paris, 4th ed., 1927, 1206.) 

Actinomyces pseudotubrrculosus Leh¬ 
mann and Neumann. {Actinomyces 
atypica pseudotuberkulosa Hamm and 
Keller, Cent. f. Bakt., I Abt., Hef., 4^^ 
1900, 729; Lehmann and Neumann, 
Bakt. Diag., 5 Aufl , 2, 1912, 621, 
Norardia psendotuherculosis de Mello 
and Fernandes, Mem. \siatic Soc. 
Bengal, 7, 1919, 110.) 

Actinomyces purpureus Killian jiiid 
Fehdr. (Ann. Inst. Past., 55, 1935, 620.) 
From desert soil. 

Actinomyces putorii (Dick and Tiinni- 
elilT) Ford. (Streptothn.r putorii Dick 
and Tunnicliff, Jour. Inf. Dis , 23, 1918, 
183; Ford Textb. of Bad . 1927. 21G ) 
From the blood of a patient bitten bv a 
weasel. 

Actinomyces pyogenes Lieske. (Fine 
neue Strep tot hrixspccies, (^aminiti. 
Cent. f. Bakt., I Abt., Orig., 44* 1907, 
193; Streptothrix pyogenes Chalmers and 
Christopherson, Ann. Trop. Med. and 


Parasit., 10, 1916, 270; Lieske, MorphoL 
u. Biol. d. Strahlenpilze, Leipzig, 1921, 
32.) From air. 

Actinomyces radiatus Namyslow'ski. 
(Namyslowski, Cent. f. Bakt., I Abt., 
Orig., 62, 1912,564; Streptothrix radiatus 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 273; 
Nocardia radiata Vuillemin, Encyclo- 
p6die Mycologique, Paris, 2, 1931, 126.) 
From an infection of the cornea of the 
liuman eye. 

Actinomyces rosaceus. (Quoted from 
Lieske, MorphoL u. Biol, d Strahlcn- 
pilze, Leipzig, 1921, 33.) 

Actinomgees roseodiastaticus Duchd. 
(Encyclopedic Mycologique, Paris, 6, 
1931, 329 ) 

Actinomyces ro<<eus Namyslowski. (Ac- 
tinomyccs sp. Lovvensteins Klin. Mon- 
atsbl. f. Augenheilk., 48, 1910, 185; 
Namyslowski, Cent. f. Bakt., I Abt., 
Orig , 62, 1912, 567; not Actinomyces 
roseus Krainsky, Cent. f. Bakt., II Abt., 
4iy 1914, 662; Discomyces roseus Brumpt, 
Pr<5cis de Parasitol., Paris, 3rd ed., 1922, 
981.) 

Actinomyces saharae Killian and Feh4r. 
(Ann. Inst Past , 55, 1935, 621 ) From 
desert soil. 

Actinomyces salmonicolor Millard and 
Burr. (Ann. Appl. BioL, IS, 1926, 601.) 
From sour soil. 

Actinomyces sampsonii Millard and 
Ihirr. (Ann. Appl. Biol., IS, 1926, 601.) 
From scab on potato. 

Actinomyces sanguinis Basu. (Ind. 
Jour. Med. Res., 25, 1937 325.) From 
the blood of a patient v/ith bronchial 
pneumonia. 

Actinomyces sanninii Ciferri. (Quoted 
from Baldacci, Boll. Sez. Ital. Soc. 
Internaz. di Microbiol., 9, 1937, 140.) 

Actinomyces sclonii Millard and Burr. 
(Ann. Appl. Biol., IS, 1926, 601.) From 
scab on potato. 

Actinomyces spiralis Millard and Burr. 
(.\nn. Appl. Biol., 13, 1926, 601.) From 
decaying grass. 

Actinomyces taraxeri cepapi (Schott- 
miiller) Ford. {Streptothrix taraxeri 
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ceyapi Schottmiiller, Dermat. Wchnschr., 
58 , 1914 , Supplement, 77 ; Ford, loc, cit.f 
196 .) From a case resembling rat-bite 
fever following the bite of a South African 
squirrel (Taraxerus cepapi), 

Actinomyces tenuis Millard and Burr. 
(Ann. Appl. Biol., /5, 1926, 601.) From 
scab on potato. 

Actinomyces Ihcrmodinslaiicus ]U;rgoy 
ct al. (Var. a, Bergey, Jour. Baet., 4, 
1919, 301; Borgoy cl al., Manual, 1st 
cd., 1923, 370.) From stomach contents 
of a rabbit. 

Actinomyces thermoiolerons Stadler. 
(Arch. f. Ilyg., 88,1899, 40.) From milk 
and butter. 

Actinomyces variabilis Cohn. (Cent, 
f. Bakt., i Abt., Orig., 70, 1913, 301.) 
From pus in the bladder in a case of 
cystitis, and from the prostate. 

Actinomyces twrrucosus Nadson. 
(Xadson, Die Mikroorganismon gco- 
logischc Faktoren I. IVlcr.sburg, BK)3; 
quoted from Dorfr, Die; Kisonorganis- 
men, Pfianzenforsclmng, Jcn.'i, Ib'ft 
16, 1931, 43; not Actinomyces verrucosus 
Adler, 1901, see Niin1.i7.7i, in Pollacci, 
Tratt. Micopaf. Umana, 4 , 1931, 46.) 
From sea mud. I)c])osits ferric hydrox¬ 
ide about the mycolini threads. 

Actinomyces violaceus (Rossi Doria) 
Gasperini. (Streptotrix violacea Rossi 
Doria, Ann, d. 1st. d’lg. sper. d. Univ. di 
Roma, 1, 1891, 411; Oospora violacea 
Sauvageau and Radais, Ann. Inst. Past., 
8,1892, 252; Gasperini, Cent. f. Bakt., 16, 
1894, 684; Cladothrix violacea Mac4, 
Traitd Pratique de Bact., 4th ed., 1901, 
1075; Nocardia violacea Chalmers and 
Chrifftopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 270; Discomyces viola¬ 
ceus Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922, 995.) From air and water. 

Actinomyces viridis (Lombardo-Pelle- 
grino) Saufelice. (Streptothrix viridis 
Lombardo-Pellegrino, Riforma Med., 
19, 1903, 1065; also see Cent. f. Bakt., I 
Abt., Ref., 85,1904, 761; Sanfelice, Cent, 
f. Bakt., I Abt., Orig., 88, 1904, 355.) 
From soil. 

Actinomyces viridis Millard and Burr. 


(Millard and Burr, Ann. Appl. Biol., IS, 
1926, 601; not Actinomyces viridis San¬ 
felice, Cent. f. Bakt., I Abt., Orig., 88, 
1904,355; not Actinomyces viridis Duch<5, 
Eneyclop4die Mycologique, Paris, 8, 
1934, 311.) From scab on potato. 

Actinomyces xanihostromus Wollen- 
weber. (Arb. Forschungsinst. f. Kar- 
toffelbaii, 1920, 10.) 

Acltnomyces wedmorcnsis Millard and 
Burr. (Ann. Appl. Biol., 13, 1926, 601.) 
From peat soil. 

Asteroides lieskeyi Piintoni and Leo- 
nardi. (Boll, c Alti d. R. Accad. Med. 
di Roma, 61, 1935, 94.) A renaming of 
Actinomyces lieskey, a culture whose 
source was unknown. This may pos¬ 
sibly be the same .as Actinomyces lieskei 
Duchd (sec Streptomyces heskei). 

Cladothrix odorifera Riillmann. (Rull- 
mami, Inaug. Diss., Munich, 1895; see 
Cent. f. B.akt., I Abt., 17, 1895, 884 and 
Cent. f. Bakt., II Abt., 8, 1896, 116; 
Oospora odorifera Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 8, 1896, 392; 
Actinomyces odorifer Lachner-Sandoval, 
Ueber Strahlenpilzc, 1898, 65; Slrepto- 
thrix odorifera Foulerton and Jones, 
Trans. Path. Soc. London, 58, 1902, 112; 
Nocardia odorifera Castellani and Chal¬ 
mers, Man. Trop. Med., 2nd cd., 1913, 
818.) From sputum in a case of chronic 
bronchitis. 

Cladothrix placoides Kligler. (Lcplo- 
thrix placoides alba Dobrzyniecki, Cent, 
f. Bakt., I Abt., 21, 1897, 225; Kligler, 
Jour. Allied Dental Soc., 10, 1015, 141, 
282 and 445; Leptotnehia placoides 
Borgey et al., Manual, 3rd ed., 1930, 
458.) From a tooth canal For a 
descrii)tion of this species see Manual, 
5th ed., 1939, 829. The description 
indicates that this organism belongs to 
Nocardia or Streptomyces. 

Coccohacillus pseudo - actinomycosis 
polymorphus Berestneff. (Berestneff, 
1898, quoted from Chalmers and Chris- 
topherson, Ann. Trop. Med. and Para¬ 
sit., 18, 1916,273.) 

Cohnistreptothrix americana Chalmers 
and Christopherson. {Streptothrix sp 
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Bloomfield and Bayne-Jones, Johns 
Hopkins Hosp. Bull. 26, 1915, 230; 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 191G, 273; 
Actinomyces americanvs Dodge, Medical 
Mycology, St. Louis, 1935, 716.) From 
a liver abscess. 

Cohnistfeptothriz misri Carpano. 
(Riv. di Parasit., No. 2, 1937, 107.) 
From human dermatosis in Egypt. 

Cohnistreptothriz silberschmidth Chal¬ 
mers and Christophei son. (Streptotlirix, 
Silberschmidt, Cent. f. Bakt., I Abt., ^7, 
1900, 486; Chalmers and Christophenson, 
Ann. Trop. Med. and Parasit., 10^ 1916, 
273; Nocardia silherschmidti Froilano de 
Mello and Fernandes, Mem. Asiatic 
Soc. Bengal, 7, 1919, 111; Actinomyces 
silherschmidti Dodge, Medical Mycology, 
St. Louis, 1935, 711.) From cases of 
dacryocystitis. 

Discomyccs decussatus Langcron and 
Chevallier. (Langeron and Chevallier, 
Compt. rend. Soc. Biol., 7i?, 1912, 1030; 
Nocardia decussata Castellani and Chal¬ 
mers, Man. Trop. Med., 2nd ed., 1913, 
817; Oospora decussata Sartory, Champ. 
Paras. Homme et Anim., 1923, 825; 
Actinomyces decussatus Brumpt, Precis 
de Parasitol., 4th ed., 1927, 1206.) From 
dry, scaly lesions. Not considered path¬ 
ogenic. 

Nocardia chalmersi de Mello and Fer¬ 
nandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
Actinomyces chalmersi Dodge, Medical 
Mycology, St. Louis, 1935, 734.) From 
the saliva of a horse. 

Nocardia christophersoni de Mello and 
Fernandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
Actinomyces christophersoni Dodge, Med¬ 
ical Mycology, St. Louis, 1935, 723.) 
From the air. 

Nocardia citrea Chalmers and Chris¬ 
topherson. (Ann. Trop. Med. and Para¬ 
sit., lOy 1916, 270.) A blanket name 
proposed to include Actinomyces griseo- 
flavus Krainsky, Actinomxjces flavus Kra- 
insky, Sireptothrix flava Sanfelice and 
Sireptotkrix flava Bruns. 


Nocardia cruoris Mactie and Ingram. 
(Macfic and Ingram, Ann. Trop. Med. 
and Parasit., 16y 1921, 283; Discomyccs 
cruoris Brumpt, Precis dc Parasitol., 
Paris, 3rd ed., 1922, 984; Oospora cruoris 
Sartory, Champ. Paras. Homme ct 
Anim., 1923, 809; Actinomyces cruoris 
Brumpt, * 4tli ed., 1927, 1195.) 
From blood. 

Nocardia dichotoma (Mac4) Chalmers 
and Christopherson. {Cladothnx dicho- 
toma Mace, Compt. rend. Acad. Sci. 
Paris, 6y 1888,1022; not Cladothrix dicho- 
toma Cohn, Bcitr. z. Biol. d. Pflanzcn 
ly Heft 3,1875,185; Clialmers and Chris¬ 
topherson, Ann. Trop. Med. and Para¬ 
sit , lOy 1916 , 270.) 

Nocardia ferruginea Trevisan. 
(Bakterium bei Chorea St. Viti, Naunyn, 
Mittheil. aus der Med. Klinik zu Konigs- 
berg, 1888, 292; Trevisan, I generi c le 
specie dcllc Batteriacee, 1889, 9; Actino¬ 
myces ferrvginevs Gaspcrini, Cent. f. 
Bakt., 16, 1894, 684.) From pia mater 
in a case of St. Vitis' dance. 

Nocardia garteni (Brumpt) Castellani 
and Chalmers. (Cladothrix liquefaciens 
No. 2y Garten, Deutsche Ztschr. f. 
Chirurg., 41 , 1895, 432; Discomyccs 
garltni Brumpt, Pi^cis de Parasitol., 
Paris, Ist ed., 1910, 860; Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913, 818; Oospora garteni Sartory, 
Champ. Paras. Homme et Anim., 1923, 
778; Actinomyces garteni Brumpt, loc. 
cit.y 4th ed., 1927, 1191; Actinomyces 
liquejaciens Ford, Textb. of Bact., 1927, 
202.) From cases of human actinomy¬ 
cosis. 

Nocardia goensis de Mello and Fer¬ 
nandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
Actinomyces goensis Dodge, Medical 
Mycology, St. Louis, 1935, 723.) From 
lesions of vitiligo. Saprophytic. 

Nocardia liguire Urizer. (Urizer, 
1904; Actinomyces liguire Naniiizzi, in 
Pollacci, Tratt. Micopat. Umana, 4t 
1934, 49.) 

Nocardia liquefaciens (Hesse) Caslcl- 
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lani and Chalmers. (Cladothrix lique- 
f€u:iens Hesse, Deutsche Ztschr. f. 
Chirurg., 4i, 1895, 432; Discomyces Uque- 
facienit Brumpt, Precis de Parasit., 
Paris, 1st ed., 1910, 860; Castellani and 
Chalmers, Man. Trop. Me<l., 2nd cd., 
1913, 818; Strcplothrix liquefacientt Chal 
mers and Christopherson, Ann. Trop. 
Med. and Parasit., 10, 1916 , 233 , 265; 
Oospora liquefaciens Sartory, C3iaiup. 
Paras. Homme et Aniin., 1923, 778; 
Actinomyces liqucfaciens Brumpt, lor, 
cii.y 4th ed., 1927, 1192.) From an in¬ 
guinal abscess. 

Nocardia rnicroparva Chalmers and 
Christopherson. (Ann. Trop. Med. and 
Parasit., 10, 1916, 26S.) Listed as 

synonymous with Actinomyces micro 
parva Krainaky, 1914 which may be in 
tended for Actinomyces microfiavus Kra 
insky. Cent. f. Bakt., TI Abt., 41, 1914, 
662.' 

Nocardia orangica (BerestnelT) Chal¬ 
mers and Christopherson. (Streptolhrix 
orangica BerestnelT, Inauj;. Dias., Mos¬ 
cow, 1897, quoted from Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 271; Chalmers and 
Christopherson, idem.) 

Nocardia rogersi de Mello. (Nocardia 
(Cohnistreptothrix) rogersi de Mello, 
A Med. Contemp., 1919; Discomyces 
rogersi Neveu-Lemaire, Precis Parasitol. 
Hum., 5th ed., 1921, 44; Actinomyces 
rogersii Brumpt, Precis de Parasitol., 
4th ed., 1927, 1206.) From sputum. 

Nocardia rvhea Chalmers and Chris¬ 
topherson. (Ann. Trop. Med. and Para¬ 
sit., 10, 1916, 271.) Nomcn nudum. 

According to Dodge (Medical Mycology, 
St. Louis, 1935, 765), this is a synonym 
of Oospora rubra Wilbert, Recueil Hyg. 
M4d. V6t. Militairc, 1908. 

Nocardia saprophytica Chalmers and 
Christopherson. (Strepiothrix leucea 
saprophytica Foulerton, 1902, quoted 
from Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
270; Chalmers and Christopherson, 
idem,) 

Nocardia urinaria Pijpcr. (Pijper, 


1918, quoted from Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
1057; Actinomyces urinarius Nannizzi, 
in Pollacci, Tratt. Micopat. Umana, 

4, 1934,50.) 

Oospora hojimanni (Cruber) Sauva- 
geau Mild Badais. (Mikromyces hof- 
manm (sic) (Jruber, Trans. Int. Congr. 
l^yg* Derm., VI, IS9I-IK92, 65 and 
Vreh. f. Hyg., 16, 1893, 35;Snuvageau 
and Uadails, Ann. Inst. Past., 6, 1892, 
251; .{rtintunyres hoffmanni Casperini, 
Out. f. Bakt., 15, 1894, 684; Slrcptothrix 
hofmanni Kruse, .n Flugg(», Dio Mikro- 
organisinen, 3 Aufl., J, 1896, 62; Clado¬ 
thrix hojjfmanni Mac<^, Traito Pratique 
de Bad., 4th ed., 1901, lOSl; Nocardia 
hoffmunni (^halmersand Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
268.) From a samph* of vaccine. 

Oospofd spnmalis Sartory. (Sartory, 
in Sartory and Bailly, iMy<*oscs pulino- 
naires, 1923, 318; Actinomyces spumalis 
Dodge, Medical Mycology, St. Louis, 
1935, 751.) From human sputum. 

Streptothrix aaser Johan-Dlsen. (In- 
aug. Diss., (.'hristiania, 1893 , 91; quoted 
from Neukirch, Ueber .Actirtomyceten, 
Strassburg, 11X)2, 69.) 

Slrcptothrix alpha Price-Jones. (Price- 
Jones, 1900; quoted from Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 270.) (considered 
synonymous with Streptothrix nlha 
(Rossi Doria;. 

Strepiothrix aquatilis Johan-Olscn. 
(Inaug. Diss., 1893, 93; quoted from 
Johan-Olsen, Cent. f. Bakt., II Abt., 
3, 1897, 279.) 

Streptothrix beta Price-Jones. (Price 
Jones, 19(X); quoted from CJialmcrs and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 270; Nocardia beta 
Chalmers and C'hristopherson, idem,) 

Streptothrix chondri Johan-Olsen. 
(Inaug. Diss., 1893, 95; quoted from 
Johan-Olscn, Cent. f. Bakt., II Abt., 

5, *1897, 278.) 

Strepiothrix enteritidis Pottien. 
(Quoted from Sanfelice, Cent. f. Bakt., 
I Abt., Orig., 36, 1904, 356.) 
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Sireptothrixfoerateri Gasperini. (Gas- 
perini, Annales de Micrographie, 1890, 
462; not Streptothrix foerateri Cohn, 
Beitr. z. Biol. d. Pflanzen, I, Heft 3, 
1875, 196; Actinomyces saprophyticua 
Gaaperini, Ann. d. 1st. d*Ig. sper. d. 
Univ. Roma, P, 1892, 226; Actinomyces 
saprophyticua var. cromogenus Gasperiniy. 
ibid., 229.) From air. 

Streptothrix gelatinosus Joiian-Olsen. 
(Cent. f. Bakt., II Abt., 3, 1897, 279.) 

Streptothrix humifica Johan • Olsen. 
(Cent. f. Bakt., II Abt., S, 1897, 278.) 

Streptothrix lemani Johan>01sen. 
(Inaug. Diss., 1893, 96; quoted from 
Johan-Olsen, Cent. f. Bakt., II Abt., 
S, 1897, 279.) 

Streptothrix necrophora Wilhelm. 
(Monats. f. prakt. Tierheilk., IJ^, 1902, 
193.) See page 578. 

Streptothrix leucea Foulerton. (In All- 
butt and Rolleston, Syst. of Med., 3, 
1912, 310.) 

Streptothrix melanotica Price-Jones. 
(On the General Characteristics and 
Pathogenic Action of the Genus StreptO’ 
thrix, 1901; also see Foulerton, in Allbutt 
and Rolleston, Syst. of Med., 3^ 1912, 
304.) 

Streptothrix oidieformis Johan-Olsen. 


(Inaug. Diss., 1893, 96; quoted from 
Neukirch, Uel^r Actinomyceten, Strass- 
burg, 1902, 69.) 

Streptothrix apirilloides Johan-Olsen. 
(Inaug. Diss., 1893, 96; quoted from 
Neukirch, Ueber Actinomyceten, Strass- 
burg, 1902, 69.) 

Streptothrix tartari Sanfelice. (Cent, 
f. Bakt., I Abt., Orig., 36, 1904, 355.) 

Streptothrix wallemia Johan-Olsen. 
(Inaug. Diss., 1893, 96; quoted from 
Neukirch, Ueber Actinomyceten, Strass- 
burg, 1902, 69.) 

Streptothrix zopfi Casagrandi. 
(Quoted from Caminiti, Cent. f. Bakt., 
I Abt., Orig., U, 1907, 198.) 

Drechsler (Botan. Gazette, 57, 1910, 
65 and 147) described eighteen mor¬ 
phological types of Actinomyces (Strepto- 
myces ). The relationships of these types 
to species previously described in the 
literature are not explained except in 
four instances. Actinomyces III is re¬ 
garded as Actinomyces lavendulae Waks- 
man and Curtis; Actinomyces X is re¬ 
garded as Streptothrix alba Rossi Doria 
(possibly Actinomyces griseus Krainsky); 
Actinomyces XII is regarded as Actino¬ 
myces aureus Waksman and Curtis; 
and Actinomyces XVII is Actinomyces 
scabies Giissow. 
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Genus II. Mlcromonospora ^rskov. 

(Prskov, Investigations into the morphology of the ray fungi. Copenhagen, 1923, 
147; includes Thermoactinomyces Tsilinsky, Ann. Inst. Past., IS, 1809, 601; ibid., 
17, 1903, 206.) 

Well developed, fine, non-septate mycelium, 0.3 to 0.6 micron in diameter. Grow 
well into the substrate. Not forming at any time a true aerial mycelium. Multiply 
by means of conidia, produced singly at end of speeial eonidiophores, on surface of 
substrate mycelium. Conidiophpres short and either simple, branched or produced 
in clusters. Strongly proteolytjc and diastatic. Many are thermophilic and can 
grow at 65°C. Usually saprophytes. These organisms occur mostly in hot composted 
manure, dust, soil and in lake bottoms. 

The type species is Microtnonospora chalcea (Foulerton) Prskov. 

Key to the species of genus Mlcromonospora (0rskov Group III). 

I. Vigorously growing organisms, typically with copious spore formation on glucose- 
asparagine-agar. 

A. Vegetative mycelium pale pink to deep orange, no typical soluble pigment. 

1. Mlcromonospora chalcea. 

B. Vegetative mycelium-orange changing to brownish-black, brown soluble 

pigment. 

2. Micromonospora f usca. 

II. Slowly and feebly growing organisms, with scant si)ore formation on glucosc- 
asparagine-agar, no soluble pigment. 

A. Vegetative myceMum pale pink to pale orange. 

3. Micromonospora parva. 

B. Vegetative mycelium yellow to orange-red. 

4. Micromonospora glohosa. 

C. Vegetative mycelium blue. 

5. Micromonospora vulgaris. 

Note : This genus could be subdivided on the basis of the relations of the organisms 
to temperature, since it includes a number of thermophilic forms which grow readily 
at 55® to 65®C, mesophilic forms having their optimum temperature at 30®C, and 
organisms growing at low temperatures in lakes. Each of these can be divided into 
3 groups, based on the structure of the spore-bearing hyphae. Among the thermo¬ 
philic forms, only representatives of the first group have so far been isolated in pure 
culture although the existence of the other two groups has definitely been demon¬ 
strated in microscopic preparations. These are; 

Group 1. Simple spore-bearing hyphae. 

Group 2. Branching spore-bearing hyphae. 

Group 3. Spore-bearing hyphae in clusters. 


1. Micromonospora chalcea (Fouler- 
ton) Prskov. (Sireptoihrix chalcea Foul- 
erton. Lancet, 1, 1905, 1200; Nocardia 
chalcea Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
268; Prskov, Thesis, Copenhagen, 1923, 
156; Actinomyces chalcea Ford, Textb. of 


Bact., 1927, 221.) From Greek chalceus, 
bronze. 

Description from Jensen, Proc. Linn. 
Soc. New So. Wales, 67, 1932, 173. 

Formation of a unicellular mycelium 
which forms distally placed, singly situ¬ 
ated spores. No aerial hyphae. Nosur- 
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face growth in liquid medium. The 
organism resists desiccation for at least 
8 months. Comparison between the 
power of resistance of the mycelium and 
the spores, respectively, will no doubt 
present great difficulty, because it is al¬ 
most impossible to ensure that the two 
constituents are actually detached. 
Otherwise, the mycelium is but slightly 
capable of germinating, which may be 
ascertained by inoculating a water agar 
plate liberally wdth a mixture of mycelial 
threads and spores. While practically 
all the spores germinate, the mycelial 
threads were never found to form new 
colonies. 

Vegetative mycelium on glucose-as¬ 
paragine ragar: Heavy, compact, raised, 
pale pink to deep orange, not spreading 
much into the medium. Spurt -layer well 
developed, moist and glistening, brown¬ 
ish-black to greenish-black, this color 
sometimes spreading through the whole 
mass of growth. 

Gelatin is liquefied. 

Grows in liquid media its small firm 
orange granules or flakes. 

Milk is digested with a faintly acid 
reaction, mostly after a previous coagula¬ 
tion. 

Many strains invert sucrose 

Some strains produce nitrites from 
nitrates. 

Starch is hydrolyzed. 

Most strains decompose cellulose. 

Proteolytic action seems stronger in this 
than in the other species of this genus. 

Optimum temperature for growth 30° 
to 35°C. Thermal death point of my¬ 
celium, 70°C in 2 to 5 minutes. Spores 
resist 80°C for 1 to 5 minutes. 

Habitat: Soil, lake mud and other sub- 
strates. In addition to the above ref¬ 
erences, sec Erikson (Jour. Pact., 
1941, 299) and Umbreit and McCoy (A 
Symposium on Hydrohiology, l^niv of 
Wisconsin Press, 1941, 106-114). 

2. Micromonospora fusca Jensen. 
(Proc. Linn. Soc. New So. Wales, S7, 
1932, 178.) From Latin fmens, dark. 


Vegetative mycelium on glucoae-as* 
paragine-agar heavy, compact, orange, 
rapidly changing to deep brown and 
nearly black; spore-layer mobt, glisten¬ 
ing, grayish- to browm h-black. Deep 
brown soluble pigment. 

Gelatin is liquefied. 

Grows in liquid media as small brown 
granules and ^kes. 

Milk is slowly digested; no coagulation. 

Sucrose is inverted. 

Reduction of nitrates, positive or nega¬ 
tive. 

Cellulose is attacked to a slight extent. 

Starch is hydrolyzed. 

Habitat. Soil. 

3. Micromonospora parva Jensen. 
(Proc. Linn. Soc. New So. Wales, J7, 
1932, 177.) From Latin parvus^ small. 

Scant growth on glucose-asparagine- 
agar ; vegetative mycelium thin, spread¬ 
ing widely into the agar, almost colorless 
to pale pink or orange. Sporulation 
scant, giving rise to thin grayish, moist 
crusts on the surface. 

Gelatin is liquefied. 

Milk is left unchanged; or coagulated, 
slowly redissolved with faintly acid reac¬ 
tion. 

Sucrose not inverted. 

Nitrates not reduced. 

Cellulose not decomposed. 

Starch is hydrolyzed. 

Habitat: Soil 

4. Micromonospora globosa Krassilni- 
kov. (Ray Fungi and Related Or¬ 
ganisms. Izd. Acad. Nauk, Moskow, 

1938, 134; Microbiology, U. S. S. R., 5, 

1939, 179.) From Latin glohosuSy spheri¬ 
cal. 

A fine (0.5 to 0.8 micron in diameter) 
monopodially branching mycelium. 
This mycelium breaks soon into separate 
pieces of varying length and irregular 
outline. Conidia are formed at the ends 
of short branches, one on each. Indi¬ 
vidual branches with conidia resemble 
grape vines. The conidia are spherical 
1.0 to 1.3 microns; they arise by the 
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swelling of the branch tips. The swell¬ 
ings become rounds acquire the shape of 
spheres, which, as the formation of the 
conidia proceeds, are divided from the 
branch by a transverse septum. 

Gelatin is liquefied. 

Colonies: Rugose, at first very com¬ 
pact, later acquire a pasty consistency, 
and their bond with the medium becomes 
not so fast. The color of the cultures 
varies from light yellow to orange-red 
During fruit-bearing the colonies are 
covered with a brownish-black tarnish 
of conidia. 

In meat-peptone broth, ammonia is 
produced. 

Milk: Coagulation; peptonization. 

Nitrites are produced from nitrates. 

Sucrose is inverted. 

Cellulose not decomposed. 

Starch is hydrolyzed. 

Habitat: Soil. 

5. Micromonospora vulgaris (Tsilin- 
sky) Waksman, Umbreit and Gordon. 
(Thermophile Cladothrix, Kedzior, Arch. 
Hyg., 1896, 328; Thermoactinomyces 
vulgaris Tsilinsky, Ann. Inst. Past., 15, 
1899, 501; Actinomyces monosporus 

Schiitze, Arch. f. Hyg., 67, 1908, 50 (No- 
cardia monospora Chalmers and Chris- 
topherson, Ann. Trop. Med. and Para- 
sit., 10, 1916, 271); Actinomyces glaucus 
Lehmann and SchUtze, in Lehmann and 
Neumann, Bakt. Diag., 5 Aufl., 5, 1912, 
641 (Nocardia glauca Chalmers and 
Christopherson, loc. cit,)\ Micromonos¬ 
pora coerulea Jensen, Proc. Linn. Soc. 
New So. Wales, 67, 1932,177; Waksman, 
Umbreit and Gordon, Soil Sci., 47, 1939, 
51.) From Latin vulgaris, common. 

Morphologically the development of 
this organism is entirely comparable to 
that of the mesophilic form described by 
Jensen. The young mycelium shows 
slightly more branching than that pro¬ 
duced by species of Sireptomyces,, 
Spores are borne at the end of short 
branches from which they are easily 
broken. The aerial mycelium, though 
present, is usually rudimentary, rarely 
exhibiting the tangled network of strands 


typical of species of Streptomyces . Ther¬ 
mophilic strains of Micromonospora 
vulgaris differ thus from the mesophilic 
forms, which show no trace of aerial my¬ 
celium. Fragmentation has not been 
seen in slide cultures of the organism 
thus far isolated, but it was found to oc¬ 
cur in smear preparation. 

According to Jensen, the mesophilic 
strains grow slowly on glucose-aspara- 
gine-agar; vegetative mycelium dense, 
dark greenish-blue, with a hard and glossy 
surface. Sporulation very scant. The 
surface sometimes shows a thin white 
veil resembling aerial mycelium, but 
without aerial spores. 

Gelatin: Liquefaction. 

Good growth on beef-peptone agar, 
potato, milk, beef-peptone broth, etc. 
Grows in liquid media as fairly large, 
firm, round, white to pink granules 
(Jensen). Usually a white, powdery, 
thin aerial mycelium is produced which 
is hardly raised above the surface. No 
soluble pigment is formed. 

Czapek’s agar: Growth white, powdery, 
slightly raised. 

Broth: A tough white pellicle and in 
many instances a considerable number of 
ball-like colonies at the bottom of the 
tube. No turbidity. 

Milk: Coagulated and digested. 

Nitrites not produced from nitrates. 

Sucrose not inverted. 

Cellulose not decomposed. 

Starch is hydrolyzed. 

Optimum temperature of thermophilic 
forms 57®C. Growth range 48® to 68®C. 

Habitat: Straw, soil, high tempera¬ 
ture composts. 

Appendix: The following anaerobic 
species has been described: 

Micromonospora propionici Hungate. 
(Abst. in Jour. Bact., 46, 1044, 380 and 
499; Jour. Bact., 61, 1946, 51.) From 
the alimentary tract of the wood-eating 
termite (Amitermes minimus). Fer¬ 
ments glucose or cellulose to form acetic 
and propionic acids and CO 2 . Obligate 
anaerobe. 
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ORDER III. CHLAMYDOBACTERIALES BUCHANAN. 

(Jour. Bact., 2, 1017, 162.) 

Filamentous, colorless, algaJike bacteria. May or may not ensheathed. 
They may be unbranched or may show false branching. False branching arises from 
a lateral displacement of the cells of the filament within the sheath which gives rise 
to a new filament, so that the sheath is branched while the filaments are separate. 
The sheath may be composed entirely of iron hydroxide, or of an organic matrix 
impregnated iron, or may be entirely organic. The filaments themselves may 
show motility by a gliding movement like that found in the blue-green algae (Oscilla- 
ioriaccac). Conidia and motile flagellate swarm cells may be developed, but never 
endospores. Fresh water and marine forms. 

Key to the families of order Chlamydobacteriales.* 

I. Alga-like filaments which do not contain sulfur globules. False branching may 
occur. 

A. TTsiially free floating filaments. Motile swarm cells may be formed. 

Family 1. Chlamydobacteriaceaey p. 981. 

15. Attached filaments which show a differentiation of base and tip. Xon-motile 
conidia formed in the swollen tips of the filaments. 

Family II. Crcnothrichaceacy p. 987. 

II. Alga-like, unbranching filaments which may contain sulfur globules when growing 
in the presence of sulfides. Filaments may be motile by a creeping or sliding 
movement along a solid substrate. 

Family III. BeggiatoaceaCy p. 988. 

FAMILY I. CHLAMYDOBACTERIACEAE MIOULA.**^ 

(.\rb. Bakt. Inst. Hochschule, Karlsruhe, /, 1894, 237.) 

Filamentous bacteria which frequently show false branching. Sheaths may or 
may not be impregnated with ferric hydroxide. Cells divide only transversely. 
Swarm cells, it developed, arc usually motile by means of flagella Usually found 
in fresh water. 


Key t ' the genera of family Chlamydobacteriaceae. 

I. Showing typical false branching. 

A. Sheaths entirely organic, not impregnated with ferric hydroxide. 

Cenus I. SphaerotiluSy p. 982. 

B. Sheaths impregnated with ferric hydroxide. 

Genus II. ClonothriXy p. 983. 

II. Unbranched or rarely showing false branching. 

A. Sheaths or holdfasts impregnated with ferric hydroxide. 

Genus III. LeptolhrtXy p. 983. 


♦ In Appendix I, p. 996, will be found a group of non-filamentous, non-sheath¬ 
forming, colorless sulfur bacteria, as the family Achromatiaceae, Their true rela¬ 
tionships are as yet obscure, and they have been attached as an Appendix to the 
Chlamydohactertales largely on account of the similarity of their metabolism to that 
of the Beggiatoaceae. 

** Completely revised by Prof. A. T. Henrici, University of Minnesota, Minneap¬ 
olis, Minnesota, December, 1938; further revision by Prof. Robert S. Breed, New 
York State Experiment Station, Geneva, New York, July, 1946. 
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Genus /. Sphaeiotilus Kutzing. 

(Kiitzing, Linnaoa, 8, 1833, 385; Cladothrix Cohn, Bcitr. z. Biol. d. Pflanz., /, 
Heft 3, 1875, 185.) From Clreek sphaera, sphere. 

Attached, colorless threads, showing false branching, though this may be rare in 
some species, rilaments consist of rod-shaped or ellipsoidal cells, surrounded by a 
firm sheuth. Multiplication occurs both by non-motile conidia and by motile swarm 
cells, the latter with lophotrichous flagella. 

The typ<' sp<*cies is Sphaerotilus natans Ktitzing. 


1. Sphaerotilus natans Kutzing. 
(Kutzing, Linnaea, 8, 1833, 385; not 
Sphaeroitliis natans Sack, Cent. f. Bakt., 
II Abt,, 65, 1925, 116; Cladothrix natans 
Migula, in Engler and Prantl, Die nattirl. 
Pflanzenfam. 1, la, 1895, 46.) From 
Latin natans, swimming. 

Cells cylindrical, surrounded by a 
sheath which is slimy in character, 2 to 
3 microns in diameter. False branching 
rare. 

Multiplication occurs through the 
formation of conidia within the sheath 
of the vegetative cells, from which they 
swarm out at one end, swim about for a 
time, then attach themselves to objects 
and develop into delicate filaments. 
Ciclatin rapidly liquefied, requires 
organic nitrogen, does not grow in the' 
ordinary peptone solution, grows best 
with low concentrations of meat extract 
(Zikes, Cent. f. Bakt., If Abt., .^3, 1915, 
529). 

The culture cultivated and described 
as Sphaerotilus natans by Sack (Cent. f. 
Bakt., II Abt., 65, 1925, 116) was identi¬ 
fied as Haallus thijcoidcs by Haag {ibid., 
69, 1926, 4). 

Source • Originally found in polluted 
waters. May becomi* a real nuisance in 
sewage purification plants of the acti¬ 
vated sludge type (Lackey and Wat tic*, 
U. S. Pub. Health Ser., Pub. Health 
Hepts., 55, 1940, 975) and in streams pol¬ 
luted with sulfite liquor from pulp and 
paper mills (Lackey, Mimeographed 
Kept. U. S. Pub. Health Ser., 1941). 

Habitat: Stagnant and running water, 
especially sewage polluted streams. 

2. Sphaerotilus dichotomus (Cohn) 
Migula. {Cladothrix dichotoma Cohn, 


Beitr. z. Biol. d. Pflanz., 1, Heft 3, 1875, 
185; Migula, Syst. d. Bakt., 2, 1900,1033; 
Sphaerotilus natans var. cladothrix 
Butcher, Trans. Brit. Myc. Soc., 17, 
1932,112.) From Greek dichotomos, cut 
in two parts, forked. 

The identity of this species as distinct 
from Sphaerotilus natans has been ques¬ 
tioned. Cohn’s description applied to 
filaments 0.3 micron in diameter, while 
all later authors have applied the name 
to a mucli larger organism (2 to 4 microns 
in diameter). 

Zikes (Cent. f. Bakt., II Abt., 4^, 1915, 
529) gives the following differential char¬ 
acters. C(*lls smaller than Sphaerotilus 
natans, 1.5 to 2.5 microns; false branch¬ 
ing constant; grows best in high concen¬ 
trations of meat e.xtract; will grow' in 
ordinary peptone solutions; can utilize 
inorganic nitrogen; liciuefies gelatin 
slowly. 

Source: Found by Cohn in water con¬ 
taining Mijconostoc. 

Habitat: Comparatively unpolluted 
fresh water capable of sustaining algae. 

3. Sphaerotilus fluitans (Migula) Schi- 
kora. {Streptothrix fluitans Migula, in 
Engler and Prantl, Die nattirl. Pfianzen- 
fam., 1, la, 1895, 38; Schikora, Ztschr. f. 
Fischcrei, 7, 1899, 1-28; Chlamydothrix 
fluitans .Migula, Syst. d. Bakt., 2, 1900, 
1033; Leptothrix fluitans C’hcstcr, Man. 
Determ. Bact., 1901, 370.) From Latin 
fluitans. flow'ing, floating. 

Very thin attached filaments sur¬ 
rounded by a soft sheath, from which 
almost spherical conidia issue, usually 
attaching themselves to the exterior of 
tlie sheath, where they multiply. 
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Habitat: Swamp water or sewage pol¬ 
luted w'aters. 

Appendix: Additional species have 
been de8cril)ed as belonging in this genus. 
Those described by Ravenel have gener¬ 
ally been overlooked although he was 
one of the earliest workers to culture 
these ‘organisms. The list follows: 

Cladothrix fungiformis Havenel. 
(Mem. Nat. Acad. Sci., 5, 1896, 19.) 
From deep virgin soil. 

Cladothrix intesiinalis Uavenel {he. 
cil.y 18). From virgin soil. 

Cladothrix non-liquefaciens Havenel 


(loc. cit., 16). From deep made soil. 

Cladothrix profundus Havenel (loc, 
cit.f 17). From deep made soil. 

Cladothrix ramosa Gasperini. (Atti 
d. Soc. toscana dTg., 2^ 1912, (XX).) 
From water. 

Clofiothrix reticularis Naumann. 
(Kuugl. ' Svenska Vetenskapsakad. 
Handl., I, 62y Part 4, 1921, 44; Sphaero- 
tilus reticularis Cataldi, Thesis, Univ. 
Buenos Aires, 1939, 55.) From Aneboda 
region, Sweden. 

Sphaerotilus roseus Zopf. (Beitrage 
z. Physiol, u. Morph, nieder. Organis- 
men, 1802, 32.) From water. 


Genus II. Clonothrix Rozc 

(Jour. d. Bot., lOy 1896, 325.) From Greek kloriy :i twig and thriXy hair. 

Attached filaments showing false branching as in Sphaerottlus. Sheaths organic, 
encrusted with iron or manganese, broader at the base and tapering toward the tip. 
Cells colorless, cylindrical. Reproduction by spherical conidia formed in chains by 
transverse fission of cells; conidia formation acropctal, limited to short branches of 
the younger portion of the filaments. 

The type species is Clonothrix fusca Rozc. 


1. Clonothrix fusca Rozc (Roze, 
Jour. d. Bot., 10y 1896, 325; Clonothrix 
fusca Schorler, Cent. f. Bakt., II Abt., 
12y 1904, 689; Crenothrix fusca Dorff, Die 
Eisenorganismen, Pflanzenforschung, 
Heft 16, 1934, 41.) From Latin fuscusy 
brown. 

Cells cylindrical with rounded ends, 
2 by 10 microns, becoming larger toward 
the base and smaller toward the tips of 
the filaments. 

Sheaths 7 microns at the base to 2 mi¬ 
crons at the tips. 

Conidia about 2 microns in diameter. 

This organism was described by Roze 
as a blue-green alga, but subsequent 
observers have failed to find pigment. 
It was described independently by 
Schorler who gave it the same name. 
Cholodny considered it identical \'ith 
Crenothrix polyepora but Kolk (Amer. 


Jour. Bot., 26y 1938, 11) has clearly 
differentiated these species. 

Habitat: Waterworks and pipes. 

Appendix: Apparently the following 
species resemble Clonothrix fusca: 

Clonothrix tenuis Kolkwitz. (Kolk- 
witz, Schizomycetes in Kryptogamen- 
flora der Mark Brandenburg, 5, 1915, 
144; Crenothrix tenuis Dorff, Die Eisen- 
organismen, Pflanzenforschung, Heft 
16, 1934, 42.) From the settling basin 
of a sewage plant near Berlin. Dorff 
thinks this may have been a grow^th form 
of Crenothrix fusca Dorff. 

Mycothrix abundans Naumann. 
(Kungl. Svenska Vetenskapsakad. 
Handl. I, 62y 1921, Part 4, 44.) From 
the Aneboda region, Sweden. The type 
species of the genus Mycothrix, 

Mycothrix clonotricoides Naumann 
(loc, cit,, 54). From the Aneboda region, 
Sweden. 


Genus III, Leptothrix Kutzing, 

(Ktitzing, Phycologia Cieneralis, 1843, 198; not Leptotrichia Trevisan, Reale 1st. 
Lombardo di Sci. e Letter®, Ser. 2, 12, 1879,138; Detoniella DeToni and Trevisan, in 
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Saccardo, Sylloge Fungorum, 6, 1889, 929; Chlamydoihnx Migula, Syst. d. Bakt., 
1900, 1030; Conidiothrix Benecke, Bau u. Leben d. Bakt., 1912, 489; Megaloihrix 
Schwers, Cent. f. Bakt., II Abt., 53,1912, 273; Syncroiis Enderlein, Sitzber. Gesell. 
Naturf. Freunde, Berlin, 1917, 312.) From Greek leptos^ small and thrtx, hair. 

Filaments of cylindrical colorless cells, with a sheath at first thin and colorless, 
later thicker, yellow or brown, encrusted with ferric hydro.xide. The oxide may be 
dissolved by dilute acid, whereupon the inner cells show up well. Multiplication is 
by division and abstraction of cells and by motile cylindrical swarmers. False 
branching may occur. 

The tyix; species is Leptothnx ochracea Kilt zing. 


Key to the species of genus Leptothrix. 

I. Filaments not spirally twisted. 

A. Free swimming, not attached. 

1. Sheath homogeneous, cylindrical. 

1. Leptothrix ochracea. 

2. Sheath composed of a bundle of fine parallel filaments. 

2. Leptothrix trichogenes. 

B. Attached to a substrate by a holdfast. 

1. Arising singly, each filament from its own holdfast. 

a. iMlaments show talse branching. 

3. Leptothrix discophora. 
aa. Filaments unbranched. 

4. Leptothrix sideropous. 

2. Numerous filaments arising from a common holdfast. 

a. Filaments large, uniform in diameter. 

5. Leptothrix lopholea. 
aa. Filaments smaller, tapering toward the tip. 

6. Leptothiix echinata. 

II. Filaments spirally twisted. 

A. Epiphytic, growing twisted around filamentous algae. 

7. Leptothrix epiphyiica, 

B. Not epiphytic. 

8. Leptothrix pseudoracuolaia. 


1. Leptothrix ochracea Kutzing. 
(KUtzing, Phycologia Gene rails, 1843, 
198; Lynghya ochracea Thuret, Ann. 
Sei. Nat. Bot., VI, /, 1875,279; Beggiatoa 
ochracea Gasperini, Ann. dTgiene Sper., 
J, 1912, 000; Chlamydothrix ochracea 
Migula, Syst. d. Bakt., 2, 1900, 1031.) 
From Latin ochra, yellow. 

Long filaments, free-floating, never 
attached to a substrate, never branch¬ 
ing. Filaments 1 micron in thickness, 
composed of rod-like colorless cells, sur¬ 
rounded in young filaments by a delicate 
sheath which later becomes yellow' to 
brown in color. 


Sheath homogeneous, completely dis¬ 
solving in dilute hydrochloric acid. 

When the sheath becomes very thick, 
the lilamonts creep out of the sheath and 
s(*crete a new one, st) that many empty 
.sheaths an* found. Polar flagellate, 
motile, .swarm-cells have been observed. 

. Habitat: Iron-bearing waters. 

Ih Leptothrix trichogenes ('holodny. 
((/holodny, Cent. f. Bakt., II Abt., 61, 
1924, 292; Toxolhrix ferruginea Molisch, 
Die Eisenbakterien in Japan, Sc. Report 
Tohoku J. Univ., 4 Ser. Biol., I, 1926, 
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13.) From Greek thrix^ hair and pcno, 
producing. 

Long, slender, articulated filaments, 
free-floating, never branched. Fila¬ 
ments 0.6 micron in thickness, composed 
of rod-like colorless cells. 

Filaments surrounded by a fine sheath. 
This sheath ruptures longitudinally and 
rolls up as a fine hair-like body at one 
side of the filament. This process con¬ 
tinually repeated leads to the develop¬ 
ment of a thick sheath composed of 
numerous hair-like bodies arranged in 
parallel bundles, which are easily sepa¬ 
rated from the filament. The sheath is 
completely dissolved in dilute hydro¬ 
chloric acid. 

Mode of reproduction is unknown. 

Habitat: Iron-bearing waters. 

3. Leptothriz dlscophora (Schwers) 
Dorff. (Megalothnx discophora Schwers, 
Cent. f. Bakt., II Abt,, S3, 1912, 273; 
Leptothrix crasaa Cholodny, Cent. f. 
Bakt., II Abt., 3/, 1924, 292; Chlamydo- 
thrix discophora Naumann, Ber. d. 
Deutsch. Bot. Ges., 46, 1928,141; Dorff, 
Die Eisenorganismen, Pfianzenforsch- 
ung. Heft 16, 1934, 31.) From Latin 
discus, disk and Greek phorous, to bear. 

Long, slender, articulated filaments 
composed of elements of varying length 
showing false branching (Cholodny, loc. 
cit., 297). Usually attached to a sub¬ 
merged substrate but may be free-float¬ 
ing. 

Filaments surrounded by a heavy 
sheath, thick (10 to 15 microns) at the 
base, tapering toward the free tip, 
heavUy impregnated with ferric hy¬ 
droxide. 

Reproduction by motile swarm cells 
liberated from the tip, and also by the 
emergence of the filament from the 
sheath, with subsequent breaking up 
into individual non-motile cells (co- 
nidia). 

Habitat: Water. 

4. Leptothriz sideropous (Molisch) 
Cholodny. (Chlamydoihrix sideropous 


Molisch, Die Eisenbakterien, 1010, 14; 
Gallionella sideropous Naumann, Kungl. 
Svenska Vetenskapsakad., 6$, 1921, 33; 
Cholodny, Die Eisenbakterien, Pflanzen- 
forschung, Heft 4, 1926, 26.) From 
Greek sideros, iron. 

Short, unbranched filaments composed 
of rod-hhaped cells of var3ring length, 
0.6 micron in diameter. 

Sheath very thin, colorless, giving an 
iron reaction only at the base of the fila¬ 
ment. Attached by a broad holdfast 
ivhich gives a marked iron reaction. 

Habitat: Found in water, growing on 
submerged surfaces. 

5. Leptothriz lopholea Dorff. (Die 
Eisenorganismen, Pflanzenforschung, 
Heft 16, 1934, 33.) From Greek lophos, 
crest, tuft. 

Short, slender unbranched filaments, 
uniform in diameter, attached to a sub¬ 
strate, 5 to 13 filaments arising from a 
common holdfast. Filaments 20 to 33 
microns long, cells 0.5 by 1.0 to 1.3 
microns. 

Sheaths composed of ferric hydroxide 
dissolve completely in dilute hydro¬ 
chloric acid. 

Filaments creep out of the sheath’as in 
Leptothrix ochracea. 

Habitat: Water. 

6. Leptothriz echinata Beger. (Cent, 
f. Bakt., II Abt., Of, 1935, 401.) From 
Latin echinatus, bristled. 

Similar to the preceding species, but 
occurring in larger colonies, 20 to 50 
filaments arising from a common hold¬ 
fast. Filaments are shorter (9 to 10 
microns). 

Sheath is thicker at the base and tapers 
toward the free tip of the filaments, 
which are slightly spiral. The sheath 
contains an organic matrix visible after 
treatment in dilute hydrochloric acid. 

Habitat: Found in water, especially 
in manganese-bearing waters. 

7. Leptothriz eplphytics (Migula) Ches¬ 
ter. (Sireptoihrix epiphytiea hffigula, 
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in Engler anti Prantl, Die natUrl. rilun- 
zenfam., 7, la, 1895,38; Lyngbya epiphy- 
tica Hieronymus, in Kirchncr, ibid,, 67; 
Chester, Manual Determ. Bact., 1901, 
370; Lepioihrix volubilis Cholodny, 
Cent. f. Bakt., II Abt., 61, 1924. 292; 
Chlamydothrix epiphyltca Nauniann, 
Ber.d. Deutsch. Bot. Gcs.,45,1928,141.) 
From M.L. epiphytwus, epiphytic. 

Long cylindrical unbranched filaments 
growing spirally around filaments of 
Tolyp'oihrix, Oedogonium, etc. Cells 
rod-shaped, 1 by 2 microns. 

Sheaths cylindrical, encrusted with 
iron. 

Cells may leave the sheaths as in 
Leptoih rix och racea . 

Habitat: Water. 

8. LeptothrU pseudovacuolata (Per- 
filiev) Dorff. (Spirothrix pseudovacuo¬ 
lata Porfiliev, Verh. d. Int. Verein. f. 
theor. u. angew. Limnologie, 1925, 
Stuttgart, 1927; Dorff, Die Eisenorganis- 
men, Pfianzenforschung, Heft 16, 1934, 
36.) From Greek, having false vacuoles. 

Filaments 85 to 250 microns in length, 
unbranched, spirally wound, occasion¬ 
ally straight. Strongly encrusted with 
ferric hydroxide. Spirals 20 to 24 mi¬ 
crons from crest to crest. 

Cells rounded at the ends, thin-walled, 
granular, 1.7 to 2.8 by 3.5 to 30 microns, 

.\pparently hetcrotrophic. 

Habitat: Found in bottom muds of deep 
lakes with very low oxygen content. 

Appendix: The following simple, fila¬ 
mentous organisms have also been placed 
in the genus Leptothrix or appear to 
belong here: 

Chlamydothrix thcrmalis Molisch. 
(Die Kisenbakterien in Japan. Sc. Re- 
|K)rt Tohoku J. Univ., 4 Ser. Biol., /, 
1923,135; Leptothrix ihermalis Dorff, Die 


Eisenorganismen, Pfianzenforschung, 
Heft 16, 1934, 38.) From hot springs 
in Japan. 

Leptothrix hyalina (Migula) Bergey et 
al. (Streptothrix hyalina Migula, in 
Engler and Prantl, Die natiirl. Pflanzen- 
fam., /, la, 1895, 38; Chlamydothrix hya 
Una Migula, Syst. d. Bakt., 1900,1003; 
Bergey et al., Manual, 1st cd., 1923,391.) 
From swamp water. 

Leptothrix major Dorff. (Die Eisen¬ 
organismen, Pfianzenforschung, Heft 16, 
1934, 35.) From Spree River water near 
Berlin. 

Leptothrix winogradskii Cataldi. 
(Thesis, Univ. Buenos Aires, 1939, 64.) 
From water. 

Lieskeella bifida Perfilicv. (Porfiliev, 
Verb. d. internat. Vcrcinigung f. theoret. 
u. angew. Limnologie, 1925, Stuttgart, 
1927; quoted from Dorff, Die Eisen¬ 
organismen, Pfianzenforschung, Hc*ft 16, 
1934, 27; also designated Lieskeella hi- 
filaris by Porfiliev.) From iron bearing 
w'ater. Show's gliding movements simi¬ 
lar to blue-green algae. The type spe¬ 
cies of the genus Lieskeella Perfilicv. 

Sideromyces glomerata Naumann. 
(Quoted from Dorff, Die Eisenorganis¬ 
men, Pflanzenforschungen, Heft 16, 
1934,27.) From sw’^amps in the Aneboda 
region of Sw'eden. This is the type 
species of the genus Sideromyces syn. 
Mycogallionella Naumann. 

Sphaerothrix latens Perfilicv. (Per- 
filiev, Verh. d. internal. Vcrcinigung f. 
theon^t. u. angew'. Limnologie, 1925, 
Stuttgart, 1927; quoted from Dorff, Die 
Eisenorganismen, Pfianzenforschung, 
Heft 16, 1934, 29.) From a peat bog in 
a small pond near Leningrad. This is 
file type species of the genus Sphaero- 
ihrtx Perfilicv. Grow's in disks showing 
a concentric structure. 
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FAMILY II. CRENOTHRICHACEAE HANSGIRG.* 

(Osterr. Bot. Ztachr., 36, 1888, 228.) 

Filaments not branched; attached to a firm substrate, showing differentiation of 
base and tip.^ Sheaths plainly visible, thin and colorless at the tip, thick and en¬ 
crusted with iron at the base. Cells cylindrical to spherical, dividing in three planes 
to produce the spherical non-motile conidia. 

Genus /. Crenothrix Cohn. 

(Cohn, Beitr. z. Biol. d. Pflanz., /, Heft 1, 1870, 108; Phragmidiothrix Engler, 
Verb. Bot. Ver. Brandenb., 34, 1882,19.) From Greek crenos, spring and thrix, hair. 

Characters as for the family. 

The type species is Crenothrix polyspora Cohn. 


1. Crenothrix polyspora Cohn. (Beitr. 
z. Biol. d. Pflanz., 1, Heft 1, 1870, 108; 
Hypheothrix kuehmana Rabenhorst, 
Flora europ. algarum, Sect. II, 88; Lep- 
tothrix kuehniana Rabenhorst, Algen 
Sachsens, No. 284; Crenothrix kuehmana 
Zopf, Zur Morphologic der Spaltpilzen, 
1882, 36; Crenothrix manganifera Jack- 
son, Hyg. Rund., 14 , 1904, 19.) From 
Greek, many spores. 

Longj articulated filaments, un¬ 
branched, enclosed in a sheath which 
becomes expanded toward the tip. The 
sheath is composed of organic matter 
encrusted* with iron. Filaments, in¬ 
cluding the sheath, measure 2 to 9 mi¬ 
crons in diameter. 

Vegetative cells vary markedly in 
length from long cjrlindrical to short 
ovoid forms. 

Coniaia, spherical, 1 to 2 microns in 
diameter, are liberated from the ex¬ 
panded tips of the sheaths. They are 
non-motile. 

Cultivation: Has not been grown on 
artificial media in pure culture. 

Conidia may germinate upon the ex¬ 


terior of the sheath from which they 
have been liberated, giving rise to new 
filaments attached to the surface of the 
older one, presenting a simulation of 
false branching. 

Cliolodny believed Clonothrix fusca 
to be identical with Crenothrix poly- 
spora. However, Clonothrix fusca shows 
genuine false branching and produces 
conidia by fission in only one plane, so 
that the filaments taper toward the tip 
instead of expanding (see Kolk, Amer. 
Jour. Bot., 33, 1938, 11) for a clear cut 
differentiation of these tw'o species. 

Source: This organism is wide-spread 
in water pipes, drain pipes and springs 
where the water contains iron. It fre¬ 
quently fills pipes under such circum¬ 
stances and causes a real nuisance. 
Found by Cohn in samples of water from 
springs in the neighborhood of Breslau, 
Germany. 

Habitat: In stagnant and running 
waters containing organic matter and 
iron salts, growing as thick brownish or 
greenish masses. 


• Ccmipleloly rovised by Prof. A. T. Hcnrici, University of Minnesota, Minneap¬ 
olis, Minnesota, December, 1938; further revision by Prof. Robert S. Breed, New 
York Stale K\p«>riment Station, Geneva, New York, July, 1946. 
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FAMILY III. BEGGIATOACEAE MIGULA.* 

(Arb. Bakt. Inst. Karlsruhe, 1,1894,238: in part, Leuco-Thiohacteria Bavendamm, 
Die farblosen and roten Schwefelbakterien, Pflanzcnforschung, Heft 2, 1924, 102.) 

Filamentous organisms, composed of chains of cells.' Individual cells generally 
not visible without staining. Structure very similar to that of Oscillatoriaceae^ but 
devoid of chlorophyll and phycocyanin. When growing in the presence of hydrogen 
sulfide, the filaments contain sulfur globules. Special reproductive structures 
unknown. 

In proposing the family Beggiatoaceae for the two genera of this subgroup known 
in 1894, Migula remarked that “it would be best to combine them with the Oacilla- 
ioriaceac and classify them among the Schizophyta** (Arb. Bakt. Inst. Karlsruhe, /, 
1894, 238). The same authority has stated: “Also in view' of their internal structure 
the species of Beggiatoa are so similar to those in the genus Oscillaria that they can 
hardly be separated generically” (in Engler and Prantl, Die nattirl. Pflanzenfam., 
/,1a, 1895, 41). 

Since then, th(‘ clos(‘ relationship betw'cen the filamentous, colorless sulfur bacteria 
and the blue-giecn algae of the family Oscillatoriaceae has become increasingly clear. 
A particular!}' important line of evidence is supplied by the discovery of sulfur bac¬ 
teria paralleling each of the major genera of the Oscillaloriaceae. The family Beggia- 
toaceae Migula is retained for tliese filamentous sulfur bacteria. Taxonomically 
they could readily be classified as colorless members of the class Schizophyceae. 

Key to the genera of family Beggiatoaceae. 

I. Filaments non-motile. Grow’ attached by means of holdfast at base. 

Genus I. Thiothrix, p. 988. 

II. Filaments motile, like Oscillatoria^ by creeping or sliding movements along a 
solid substrate. Not attached. 

A. Occurring singly, nut embedded in a common slime-sheath. 

1. Filaments straight or bent, but not permanently coiled. 

Genus II. Beggiatoa, p. 990. 

2. Pllameiits coiled or spirally wound. 

Genus III. Thiospirillopsts, p. 993. 

B. Occurring in bundles, embedded in a common slime-sheath. 

Genus IV'. Thioploca, p. 993. 

Genus /. Thiothrix Winogradsky. 

(Beitr. z. Morph, u. Physiol, d. Bakt., I, Schw'efelbacteriea, Leipsig, 1888, 
39.) P'rom (ircck theion, sulfur, and Ihnx, hair. 

P'ilaiuenIs non-motile, segmented, with a delicate .sheath, and dilferentiated into 
bas(‘ and tip Grow' attached at base to solid objects by means of gelatinous hold¬ 
fast. lleproduction by transverse fission of the segments, and by rod-shai^ed so- 
callcd conidia, probably arising by the apical segments becoming free. Temporarily 
the conidia show creeping motility, settle on solid objects, and grow out into new 
filaments. 

The type species is Thiothrix nivea (Rabenhorst) Winogradsky. 

The follow ing key to the species of the genus Thiothrix is based upon the diHiueter 


* Completely revised by Prof. C. B. Van Niel, Hopkins Marine Station, Pacific 
Grove, California, January, 1944. 
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of the filaments and their habitat, the only criteria used by previous authors for the 
differentiation of the seven published species. The validity of these distinguishing 
characteristics is, however, doubtful because their constancy has not been sufficiently 
established; so far the morphology of the Thiothrix species has not been studied in 
pure cultures. 


Key to the species of genus Thiothrix. 

1. Found in fresh water environments. 

A. Diameter of filaments about 2 (1.4 to 3.0) microns. 

1. Thiothrix mvea. 

B. Diameter of filaments about 1 micron. 

2. Thiothrix tenuis. 

C. Diameter of filaments less than 0.5 micron. 

3. Thiothrix lenuissima. 

II. Found in marine environments. 

A. Diameter of filaments averages .'i])out 20 microns (actual range 15 to 30 mi¬ 

crons). 

4. Thiothrix voukii 

B. Diameter of filaments about 4 (4 4 to 0.6) microns. Segments about 25 microns 

long. 

5. Thiothrix longiarticulata. 

C. Diameter of filaments about 3 (1.8 to 5) microns. Segments about 1 micron 

long. 

6. Thiothrix annulata. 

D. Diameter of filaments .ibout 1 (0.8 to 1.3) micron. 

7. Thiothnx niarina. 


1. Thiothrix nivea (ItabcnhorHt ) Wino¬ 
gradsky. {Jieggiatoa mvea Kabenhorst, 
Flora europaea algarum, 2, 1865, 91; 
Leptotrichia iiivca De Toni and Trevisaii, 
in Saccardo, Sylloge Fungonim, 8, 1889, 
934; Symphyothrix nivea Wartman and 
Schenk, Schweiz. Kryptogamenfiora; 
Winogradsky, Beitr. z. Morph u. Phy¬ 
siol. (1. Bact., I, Schwcfclbacterien, 
1888, 39.) From Latin niveus, snowy 

Filaments with a thin sheath, diameter 
2.0 to 3.0 microns at base, 1.7 microns 
ill the middle, I 1 to 1.5 microns at tip 
As long as the filaments contain sulfur 
globules, segmentation is invisible; 
length of segments 4 to 15 microns, the 
longer ones usually near apex, tlie shorter 
ones near base. 

Motile scgineiits (so-called conidia) 
mostly single, 8 to 15 microns long, some¬ 
times in short filaments of 2 to 4 cells 
and up to 40 microns long. Those seg¬ 
ments may settle and develop near the 


base of lh(‘ mother filament or on a fila¬ 
ment itself, forming verticillate struc¬ 
tures. These have been described as 
Thiothi ix nivea var vcrticHlata Miyoshi 
(.Jour. (Joll. Sci., Imp. Univ. Tokyo, iO, 
1897, 156). 

Habitat. Fresh water environments 
where hydrogen sulfide is present (sulfur 
.springs, stagnant pools, on submerged 
decaying vegetation, etc.). 

2. Thiothrix tenuis Winogradsky. 
{Beggiatoa alba var. uniserialis Engler, 
tJb. die Pilz-Vegetation des weissen odor 
tod ten Grundes in der Kiclcr Bucht, 1883, 
4; Winogradsky, Beitr. z. Morph, u. 
Physiol, d. Bact., I, Schwcfelbactericn, 
1888, 40.') From Latin tenuis, slender. 

Filaments about 1.0 micron in diam¬ 
eter, of nearly uniform thickness. Often 
in dense, felted masses. Segments 4 to 
5 microns long. 

Habitat: Fresh water environments 
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where hydrogen sulfide occurs. Accord- 
ing to Bavendamm (Die farblosen u. 
roten Schwefelbakt., Pflanzonforschung, 
Heft 2,1924,107) also found in sea water. 

3. Thlothrix tenuissima Winogradsky'. 
(Beitr. z. Morph, u. Physiol, d. Bact., 1, 
Schwefelbactericn, 1888, 40; Thiothrix 
minutissima Uphof, Arch. f. Hydrobiol., 
18, 1927,77.) From Latin /cwnis, diminu¬ 
tive, very slender. 

Filaments less tlian 0.5 micron in 
diameter, usually in dense masses. 

Habitat: Fresh water environments 
where hydrogen sulfide occurs. 

4. Thiothrix voukii Kins. (Arch. f. 
Protistenk., 88, 1936, 123.) Named for 
Vouk, a Russian scientist. 

Filaments 15 to 30, most frequently 17 
microns in diameter, of rather uniform 
thickness. Segments visible without 
special treatment. Segments generally 
somewhat longer than wide, rarely 
square, occasionally barrel-shap<Ml. 
Length of segments 15 to 30, mostly 19 
to 23 microns. Motile segments not yet 
observed. 

Apart from the lack of motility, this 
species closely’ resembles the motile 
Beggialoa mirabilis. 

Source: Found in effluent of sultur 
springs at seashore near Split, Jugo¬ 
slavia. So far reported only once. 

Habitat’ Marim* environments ron- 
taining hydrogen sulfide. 

5. Thiothrix longiarticulata Klas. 
(Arch. f. Protistenk., 88, 1936, 126.) 
From Latin bmgus, long and arliciUatus, 
jointed. 

Filaments 3.3 to 6.6, most frequently 
4.2 microns in diameter, of uniform 
thickness. Occur in dense, felte<i 
masses. Segments long, measuring 19 


to 33, mostly 26 microns in length. Sul¬ 
fur droplets usually absent in the pro.\- 
imity of cross-walls. Motile segments 
not yTt reported. 

Source: Found in effluent of sulfur 
springs at seashore near Split, Jugo¬ 
slavia. So far reported only once. 

Habitat: Marine environments con¬ 
taining hydrogen sulfide. 

6. Thiothrixannulata Molisch. (Cent, 
f. Bakt., II Abt., S3, 1912, 58.) From 
Latin annulatus, ringed. 

Filaments 3 to 4, occasionally up to 5 
microns in diameter, thinner at base 
(2 microns) and at tip (1.8 microns). 
Scgment.s only about 1 micron in length. 
Often found with narrow bands wliich 
are free of sulfur, thus giving a ringed 
appearance to the filaments. Old fila¬ 
ments may’ sho^\ spacial thickening and 
distortion, but this is not characteristic 
for the species. 

Habitat: Marine environments contain¬ 
ing hydrogen sulfide; frequently on de- 
ea.ving algae. 

7. Thiothiix marina Molisch. (Cent, 
f. Bakt., II Abt., 33, 1912, 58.) From 
Latin mari?ws, pertaining to tJie sea. 

Filaments about 1 (0.8 to 1.3) micron 
in diameter, ot rather uniform thick 
ness, rsually in felted masses. 

Resembles Thiothrix tenuis. Since 
the latlerhas been reported from marine 
environments (Bavendamm, Die far¬ 
blosen u. roten Schwefelbakterien, Pflan- 
zenforschung. Heft 2, 192*4, 107), Tliio- 
ihrix marina may not'be an independent 
six^cies, but identical with Thiothrix 
tennis. 

Habitat: Marine f?) environments con¬ 
taining hydrogen sulfidt'; frequently on 
decaying algae. 


Genus II. Beggiatoa Trevisan. 

(Prospetto della Flora Euganea, 1842, 56.) Named for the Vicenza physician, 
F. S. Beggiato. 

Filamentous, motile, segmented organisms, occurring singly or in white to creamy 
felted masses in w’hich the separate filaments retain their individuality. Not at- 
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lachccl. Existence of a slieuth not dofiuitely eslablishcd. Aloveiiicnts of the fila¬ 
ments dependent upon a solid substratum over which they slide in the same manner 
as species of Oscillaloria. Sliding movements often accompanied by rotation of 
filaments around long axis. Reproduction by transverse fission of segments; the 
filaments may also break up into smaller units, each continuing a separate existence. 
The latter mode of multiplication corresponds to that by means of the so-called 
motile conidia or segments in Thiothriz. 

The type species i.s Beggiatoa alba (Vaucher) Trc'visan. 

In this genus, also, the spcjcies so far described arc differentiated on the basis of 
dimensions. The range of sizes for separate species appears, in most cases, quite 
arbitrary, especially in view of the existence of practically all intermediate stages. 
Since the smaller forms have been found both in fresh water and marine environments 
(Bavendamm, Die farblosen u. roten Schwefelbakterieii, Pflanzenforschung, Heft 2, 
1924, 104), the previously described Beggiatoa marina has been omitted as a separate 
species. Pure culture studies may establish more staistactory methods of differen¬ 
tiation and a better understanding of speciation. 

Key to the species of genus Beggiatoa. 

I. Diameter of filaments greater than 25 microns. 

1. Beggiatoa gigantea. 

II. Diameter of filaments less than 25 microns. 

A. Diameter of filaments greater than 15 microns. 

2. Beggiatoa mirabilis. 

B. Diameter of filaments less than 15 microns. 

1. Diameter of filaments greater than 5 microns. 

3. Beggiatoa arachnoidea. 

2. Diameter of filaments less than 5 microns. 

a. Diameter of filaments greater than 2.5 microns. 

4. Beggiatoa alba. 

aa. Diameter of filaments less than 2.5 microns. 

b. Diameter of filaments greater than 1 micron. 

5. Beggiatoa Icptomitiformis. 
bb. Diameter of filaments le.ss than 1 micron. 

6. Beggiatoa minima. 


1. Beggiatoa gigantea Klas (.\rch. f. 
Mikrobiol., 8, 1937, 318; includes the 
arge forms of Beggiatoa mirabilis Cohn, 
Hedwigia, 4, 1865, 81.) From Greek 
gigas, giant. 

Filaments 26.4 to 55, average 35 to 40 
microns in diameter. Klas, in his diag¬ 
nosis, gives 26.4 to 42.9 microns as dimen¬ 
sions. This w'ould exclude the largest 
forms of Beggiatoa ynirabtlis described 
by Hinze (Ber. d. deut. bot. Gcs., 19, 
1901,369). Since the proposal of a sepa¬ 
rate species for such organisms appears 
at present unjustified, the maximum 
diameter has here been increased. Fila¬ 


ments clearly segmented; length of seg¬ 
ments 5 to 13, average 8.5 microns. 
Terminal cells rounded or tapering. 

When the filaments are in healthy 
condition they are of uniform width; 
bulging of the sides indicates unfavor¬ 
able conditions. 

Habitat: Apparently restricted to ma¬ 
rine environments containing hydrogen 
sulfide. Frequent on decaying marine 
algae. 

2. Beggiatoa mirabilis Cohn emend. 
Klas. (Cohn, Hedwigia, 4, 1865, 81; 
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Klas, Arch. f. Mikrobiol., 8, 1937, 318.) 
From Latin mirabilis, wonderful. 

Filaments 16 to 21.6, average 17 mi¬ 
crons in diameter. The so-defined spe¬ 
cies does not overlap with Beggiatoa 
gigantea according to Klas (loc. cit.). 
Segmentation usually observable with¬ 
out special treatment; segments 5 to 13, 
average 8.6 microns long. Terminal 
cells rounded or tapering, sometimes 
bent. 

When the filaments are in healthy 
condition they are of uniform width; an 
unfavorable environment induces bulg¬ 
ing of the sides. 

Habitat: Apparently restricted to ma¬ 
rine environments containing hydrogen 
sulfide. Common on decaying marine 
algae. 

Uphof (Arch. f. Hydrobiol., 18, 1927, 
83) has created a species, Beggiatoa 
maxima, which on account of its diam¬ 
eter (10 to 20 microns) falls partly within 
the range of Beggiatoa mirahilis, partly 
within Beggiatoa arachnoidea. Since 
it w’as found in a fresh water environ¬ 
ment, the habitat of Beggiatoa rnirabilis 
may not be restricted to marine media. 

3. Beggiatoa arachnoidea (Agardh) 
Rabenhorst. (Oscillaioria arachnoidea 
Agardh, Regensburger Flora, 1827, 634; 
Rabenhorst, Flora europaea algarum, 
1866, 94; Beggiatoa pellucida Cohn, Hed- 
wigia, 4, 1865, 82; ? Oscillaioria beggia- 
toides Arzichow'sky, Bull. Jard. Imp. 
Bot., St. Pdtersb., 1902,38,47; includes 
the larger members of Beggiatoa major 
Winogradsky, Beitr. z. iMorph. u. Phy¬ 
siol. d. Bact., I, Schw^efelbacterien, 1888, 
25; and the smaller ones of Beggiatoa 
maxima Uphof, Arch. f. Hydrobiol., 18, 
1927, 80.) From Greek, resembling a 
cobweb. 

Filaments 5 to 14 microns in diameter. 
Segmentation generally observable only 
after special staining or removal of sulfur 
globules; segments 5 to 7 microns in 
length. Terminal cells rounded, often 
tapering. Filaments of uniform width. 


Habitat: Both fresh w^ater and marine 
environments containing h 5 ’’drogon sul¬ 
fide. 

4. Beggiatoa alba (Vauchcr) Trevisan. 
{Oscillaioria alba Vauchcr, Histoire dcs 
Conferves d*oau douce, 1803, 198; Beg¬ 
giatoa punctata Trevisan, Prospetto 
della Flora Euganea, 1842, 56; Beggiatoa 
alba var. marina Cohn, Iledwigia, 4» 
1865, 83; Beggiatoa marina Molisch, 
Cent. f. Bakt., II Abt., 3S, 1912, 58; in 
part, Beggiatoa major Winogradsky, 
Beitr. z. Morph, u. Physiol, d. Bact , I, 
Schw'cfelbactericn, 1888, 25 ) From La¬ 
tin albus, white. 

This is the type species of the genus. 

Filaments 2.5 to 5, most commonly 3 
microns in diameter, of even width. 
Segmentation difficult to detect in fila¬ 
ments containing, many sulfur globules; 
segments 3 to 9 microns long, shortly 
after division practically square. Ter¬ 
minal cells rounded. 

Habitat: Both fresh w'ater and marine 
environments containing hydrogen sul¬ 
fide. 

Distribution: Ubiquitous, and prob¬ 
ably the most common of the fila¬ 
mentous sulfur bacteria. 

5. Beggiatoa leptomitiformis (Mene- 
ghini) Trevisan. {Oscillaioria leptomiti¬ 
formis Meneghini, Delle Alghe viventi 
nolle terme Kuganee, 1844,122; Trevisan, 
Prospetto della Flora Euganea, 1842, 56; 
Beggiatoa media Winogradsky, Beitr. z. 
Morph, u. Physiol, d. Bact., I, Schwefel- 
bacterien, 1888,25.) From Greek leptos, 
small and mitos, thread and Latin 
forma, shape. 

Filaments 1 to 2.5 microns in diameter, 
of uniform width. Segmentation only 
observable after removal of sulfur glob¬ 
ules; segments 4 to 8 microns in length. 
Terminal cells usually rounded. 

Habitat: Fresh water and marine en¬ 
vironments containing hydrogen sulfide. 
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6. Begglatoa mininia Winogradsky. 
(Winogradsky, Beitr. z. Morph, u. 
Physiol, d. Bnctcrien, I. Schwefelbac- 
tcrien, 1888, 25; Beggiatoa minor Uphof, 
Arch. f. Hydrobiol., 18, 1927, 79; not 
Beggiatoa minima Warming, Om Nogle 
ved Danmarks Kysterlevende Bakterier, 
1876, 52, which from the description is 


not a Beggiatoa.) From Latin minu 
mu8, least. 

Filaments less than 1 micron in diam¬ 
eter, of uniform width. Normally ap¬ 
pears unsegmented; length of segments 
about 1 micron. 

Habitat: Fresh water and marine en¬ 
vironments containing li 3 'drogen sulfide. 


Genua III. Thiospirillopsis Uphof. 

(Arch. f. Hydrobiol., 18, 1927, 81.) From Greek Iheion, sulfur M.L.spm7f?^w, 
spirillum and Greek opaia, appearance. 

Filamentous, colorless sulfur bacteria, segmented, and spirally wound. Exhibit 
creeping motility, combined with rotation, so that the filaments move forward with 
a corkscrew-like motion. The tips produce oscillating movements. Resembles 
Spirulina among the Oacillatoriaccae. 

The type species is Thiospirillopaia floridana Uphof. 


1. Thiospirillopsis floridana Uphof. 
(Arch. f. Hydrobiol., 18, 1927, 83.) 
Named from Florida, the place where 
it was first found. 

Filaments 2 to 3 microns in diameter. 
Segmentation difficult to observe w'ith- 
out si^ecial precautions; scgiuonts about 
3 to 5 microns long. The spiral windings 
are rogulor. 

Source; Found in the sulfur spring 


water at Wokivva Springs and Palm 
Springs, Florida. A very similar or¬ 
ganism has been observed at Pacific 
Cirove, California, in a marine aquarium 
where hydrogen sulfide had been gener¬ 
ated by sulfate reduction. The genus 
Thiospirillopsis may, therefore, be more 
wide-spread than is generally believed. 

Habitat: Probably widely distributed 
in water containing sulfur. 


Genus 1 V. Thloploca Lavterborn. 

(Ber. d. dent. botari Ges., f-5,1907,238.) Name derived from Greek theion, sulfur, 
and ploka, braid 

Filaments of Beggialoa-Wkc appearance, but occurring in parallel or braided 
bundles, enclosed by a common w ide sli me-sheath. The latter is frequently incrusted 
on tlie outside witJi detritus. Within the sheath the individual filaments are motile 
in the manner of Beggiatoa; the filaments are segmented, the terminal segments often 
tapering. 

Resembles closely the genera Hydiocoleus and Microcolevs among the Oacilla- 
ioriaccae. 

It is doubtful w'hi'ther the members of the genus Thioploca are true colorless sulfur 
bacteria; most investigators of these forms have reported a greeiiish-blue coloration 
of the filmnents. Only the regular occurrence of sulfur droplets in filaments taken 
from their natural habitat stamps the organisms as sulfur bacteria. In view of the 
close relationship of the Beggtatoaceae to the blue-green Osctllatoriaceae, this is, 
however, a minor issue. 

Four species have been described to date. Three correspond, with respect to the 
individual filaments, to Beggiatoa arachnoidea, Beggiatoa alba, and Beggiatoa lepto- 
mitiformia respectively; the fourth appears to be a combination of the first and third 
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.siK*fii\N ul' IhuyiMoa m a coiiuuoii sheath. This occurrence of two distinct species of 
Beggiatoa in a common sheath makes the genus a doubtful taxonomic entity. 

The type species is Thioploca achmidlei Lauterborn. 

Key to the species of genus Thioploca. 

I. Filaments in a common sheath of fairly uniform diameter. 

A. Diameter of individual filaments 5 to 9 microns. 

1. Thioploca schmidlci. 

B. Diameter of individual filaments 2 to 5 microns. 

2. Thioploca ingrica. 

C. Diameter of individual filaments 1 to 2 microns. 

3. Thioploca minima. 

II. Filaments in common sheath of greatly different diameter 


4. 

1. Thioploca schmidlei Tiauterborn. 
(Ber. d. deut. bot. Ges., £5^ 1907, 238.) 
Named for Mr. Schmidle. 

Individual filaments in a common 
sheath 5 to 9 microns in diameter, clearly 
sc'gmented. Segments 5 to 8 microns in 
length. Mucilaginous sheath 50 to 160 
microns in diameter. Number of fila¬ 
ments embedded in one sheath variable. 

Source: Various localities in Central 
Europe. 

Habitat: So far reported only in fresh 
water mud, containing hydrogen sulfide 
and calcium carbonate. 

2. Thioploca ingrica Wislouch. (Ber, 
d. deut. hot. Ges., 50, 1912, 470.) From 
Ingruif an ancient district of Leningrad. 

Indiviilual filaments in common sheath 
2 to 4.6 microns in diameter, clearly seg¬ 
mented. Segments 1.5 to 8 microns in 
length. Mucilaginous sheath up to 80 
microns in diameter. Number of fila¬ 
ments in one sheath variable. 

Source: Various localities in (\mtral 
Fhiropc. 

Habitat' Found in fresh water and 
marine mud containing hydrogen sulfide, 

3. Thioploca minima Kop{x;. (Arch, 
f. Hydrobiol., 14, 1923, 630.) From 
Latin minimus, least. 

Individual filaments in a common 
sheath 0.8 to 1.6 microns in diameter, 


Thioploca mixta. 

segmentation generally observable only 
after removal of sulfur droplets. Seg¬ 
ments 1 to 2 microns long. Mucilagin¬ 
ous sheath up to 30 microns in diameter. 
Number of filamenls in one sheath 
variable. 

Source- Various localities in Central 
Europe. 

Habitat: Fresh water and marine 
mud containing hydrogen sulfide. 

4. Thioploca mixta Koppe. (Arch. f. 
Hydrobiol., 14, 1923, 630.) From Latin 
mixtus, mixed. 

Individual filaments in a common 
sheath of two clearly ditlercmt sizes, 
comprizing both filaments of 6 to 8 mi¬ 
crons, and filaments of about 1 micron 
in diameter. The former are clearly 
segmented, with segments of 5 to 8 mi¬ 
crons in length. In the latter segmenta¬ 
tion is visible after removal of sulfur 
droplets; segments 1 to 2 microns long. 
Mucilaginous sheath usually about 50 
microns thick. Number of filaments in 
one sheath variable. 

Source: Reported so far only from 
Lake Constanza. 

Habitat: Fresh water mud containing 
hydrogen sulfide. 

Appendix: In addition to the above 
genera and species, a number of insuffi¬ 
ciently characterized, filamentous sulfur 
bacteria which may be related to the 
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Beggiaioaceae have been described under 
various names as follows: 

Conidiothrix sxdphurea Petersen. 
(Dansk Botan. Arkiv., /, 1921,1.) 

Filamentous, nonmotile organisms, of 
uniform width, between 0.5 and 1 mi¬ 
cron in diameter, covered on the outside 
with sulfur. Segmentation not re¬ 
ported. The outstanding characteristic 
of the genus Conidiolhrix\i<, the supposed 
multiplication of the filaments l)y means 
of conidia which arise by budding on the 
filament. Apart from this rcportcal oc¬ 
currence of a budding process, the de¬ 
scription is similar to thsit of Lv.ploihrix 
sxdphurea and of Thiothrxx tennis and 
Thioihri^ tenuissiwa. Since consecu¬ 
tive observations on growing organisms 
are lacking, it seems advi.'-nhle to con¬ 
sider Coxiidioihrix sulphured as probably 
identical with Thiothrxx tenuis or Thxo- 
thrix tenuissima, 

Leptothrix sxdphurea Miyo^hi (Jour. 
Coll. Sci., Imp. Tniv. Tokyo, Japan, 10, 
1897, 154.) 

Filamentous, non-motile organisms, 
of uniform width, nut exceeding 0.7 mi¬ 
cron in diameter. The filaments are 
covered on the outside with a powdery 
de|K)sit of elementary sulfur. Seg¬ 
mentation observable only after sf)ccial 
staining; length of segments not pub¬ 
lished. 

Found by Miyoshi in sulfur springs in 
Japan. Although not reported as con¬ 
taining sulfur globules inside the fila¬ 
ments, the description would closely fit 
Thiothrix tenxiis or Thiothrix tenuxssxma 
Winogradsky. The latter have been ob¬ 
served in masses covered on the outside 
with elementary sulfur. Therefore, it 
seems likely that Leptothrix sulphurea 
is a synonym for Thiothrix tenuis or 
Thiothrix tenuissivxa. 

Thioxiexxxa vaginatum Kolkwit z. (Bor . 
<1. deut. bot. Ges., 1938, 11.) 


The type species of the genus 
Thionexna. 

Described as a filamentous, colorless 
sulfur bacterium, non-motile, attached 
in the manner of Thiothrix, Filaments 
1.5 to 2 microns in diameter, segmented. 
Segments 2 to 5 microns long. Repro¬ 
duction; as in the case of Thiothrix^ by 
means of detached segments. 

While this part of the description fits 
that of Thiothrix nivea, the new* generic 
name was proposed on the basis of the 
occurrence of a distinct sheath, fre- 
(lucntly impregnated with iron com¬ 
pounds Since Winogradsky mentions 
the occurrence of a sheath also in Thio¬ 
thrix XLivctt, it seems desirable to consider 
Thionema vagtnatxxm, at least for the 
time being, \s a probable synonym of 
Thiothrix mven. 

Sourc(‘: Found on w'aterplants in the 
Teltow'-Canal near Berlin, the water 
containing hydrogen sulfide and iron 
salts 

Thiosiphon adriaticum Klas. (Sitz- 
ungsber. Akad. d. Wissensch. Wien, 
Mathem.-naturw’. Kl., I, 14S, 1936, 209.) 

Described as a filamentous sulfur bac¬ 
terium, nun-motile, but without seg¬ 
mentation, hence tubular and unicellu¬ 
lar. Multiplication by means of conidia 
arising from restriction of the apical part 
of the cell, I.ength of filament about 1 
to 1.5 mm, width 17 to 53 microns, usually 
tapering towaids apex'. Conidia 13 to 
30 microns by 30 to 50 microns. 

The description is at variance with the 
appearance of the organism in the pub¬ 
lished photomicrograph in so far as the 
size of the conidia is concerned. From 
the photomicrograph this appears to be 
about 30 by 200 microns. The entire 
appearance is strongly reminiscent of 
that of Beggiatoa mirabilis (Beggiatoa 
gigantea) in certain cultures. The short 
conidia, described in the text, strikingly 
resemble species of Achromativxn, Con¬ 
secutive observations on growing cul¬ 
tures of Thiosiphon do not appear to 
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have been made. Since (a) the internal 
structure of the large Beggiatoaceac is 
easily damaged, (b) the segmentation in 
living individuals is dilTicult to observe 
when the filaments are filled with sulfur, 
(c) the presence of Achromaiium in the 


locality from which Thiosiphon was col¬ 
lected is almost certain, and (d) the de¬ 
velopmental cycle is merely a reconstruc 
tion of simultaneously observed ele¬ 
ments, considerable doubt as to the 
validity of the genus appears justified. 


* Appendix I: The group of large,unicellular, colorless sulfur bacteria is placed here 
as a single family, Achromatiaceae Massart as in previous editions of the Manual. 
It includes organisms which arc similar in physiology to the Beggiatoaceae, 

Massart (Rec. Inst. Bot. Univ. Bruxelles, 5,1902,261) proposed the family Achro- 
maticxeae for the bacteria described by Schewiakoff (Uber einen neuen bacterienahn- 
lichen Organismusdes Siisswassers, Habilitationsschrift, Heidelberg, 1893) as Achro- 
maltum oxaliferum. The family diagnosis was modified by Nadson (Jour. Microbiol., 
St. P6tersb., f, 1914, 72) and by Nadson and Wislouch (Bull. Princip. Jard. Bot. 
Rdpubl. Russe, 1923, 33) to include the genera Thiophysa and Thiosphaerella. 

In this form, the family represents a homogeneous group*of organisms, all char¬ 
acterized by a pronounced similarity in cell-shape, structure, method of reproduction 
and motility. They exhibit very slow, jerky and rotating movements, but are de¬ 
void of flagella or other visible organs of locomotion. They closely resemble the 
blue-green algae of the genus Synechococcus, even in size. 

By including the genus Thiospira in the family Achromatiaceae^ Buchanan (Jour. 
Bact., 5, 1918, 462) modified the diagnosis to read: 

Unicellular, large, motile (by means of flagella?). Cells containing granules of sulfur (or in one form 
possibly oxalate) but no bacteriopurpurin. 

Thus was proposed a family in which the spiral sulfur bacteria, indubitably related 
to species of Spirillum a mong the Eubacterialesj were linked with the taxonomically 
obscure species includocl in Achromaiium and Thiophysa. Four genera, Achroma- 
tium, Thiophysa^ Thiospira and Htllhousia were recognized. 

Bavendamm (Die farblosen und roten Schwefelbakterien, Pflanzenforschung, 
Heft 2,1924,109), follow iiig tlio sainc trend, also combined all non-filamentous forms 
of the colorlc.ss .sulfur biictorui into a family Achromatiaceae^ with the diagnosis: 
Cells free, motile. A.s he realized that Ilillhousia should be regarded as a synonym 
of Achromaiium and :ulded the genus Thiovulum Ilinze (Ber. d. deut. bot. (les., 31, 
1913,195), four gcii(»ra were; again ineludcfl in the family. Thiosphaerella was added 
as an appendix to Thiophysa. 

Thiovulum is morphologically similar to Achromaiium, TJiiophysa, and Thio¬ 
sphaerella with respect to cell size end structure, but differs conspicuously in being 
actively and rapidly motile. The manner of locomotion suggests the presence of 
polarly inserted flagella. However, the.3e have never been demonstrated con¬ 
vincingly . 

While it is conceivable that a relationship exists bctwc’cn Thiovulum and the or¬ 
ganisms of the Achromaiium type, the combination of the repre.sentatives into one 
family should be regarded as tentative and open to question. There certainly is no 
justification at present for including the sulfur spirilla in this family. These are 
placed in this edition of the Manual in Spirtllenc among the Euharteriales, 


•Completely revised by Prof. C. B. Van Niel, Hopkins Marine Station, Pacific 
Grove, California, January, 1944. 
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FAMILY A. ACHROMATIACEAE MASSART. 

(Rec. Inst. Bot. Univ. Bruxelles, S, 1902, 261.) 

Cells large, spherical to ovoid in shape, sometimes rod>shaped, may contain 
globules of sulfur and/or calcium carbonate crystals. Do not possess photosynthetic 
pigments. Fresh water and marine forms. 

A satisfactory differentiation of the genera Achromatiuinj Thiophysa, and Thio- 
aphaerella is at present well-nigh impossible. They have here been combined into a 
single genus, Achromatium. 

Achromatium mobile Lauterborn (Verhandl. Natur-histor.-Mediz. Vereins Heidel¬ 
berg, N.F., tSy 1915, 413) is fundamentally different from the other members of the 
genus. It possesses a clearly visible polar flagellum, suggesting its close affinity 
with the Pseudomonadaceae among the Eubacieriales. Whether it is a true sulfur 
bacterium has not been established witli certainty; this appears very doubtful in 
the case of the two similar forms described as Pseudomojins bipunctata and Pseudo¬ 
monas hyalina by Gicklhorn (Cent. f. Bakt., II Abt., 60, 1920, 425, 426). Utermohl 
and Koppe (Verhandl. Intern. Ver. f. theoret. u. angew I.imnologie, 1913, 86 and 
Archiv f. Hydrobiol., Siippl. Bd. 5,1925,234) have proposed the generic name Macro- 
monas for this group. This has been adopti d here 

All of the above mentioned organisms have so far bee n studied exclusively as 
found in their natural habitats. Pure culture studies are greatly needed. These 
may show that the peculiar calcium carbonate inclusions (not calcium oxalate as 
thought by Schewiakoff, nor calcium thiosulfate as believed by Hannevart) in Achro- 
maiium oxaliferum and in Macromonas bipunctata occur only under special environ¬ 
mental conditions. 


Key to the ytuera of family Achromatiaceae. 

I. Large, ovoid to spherical organisms, normally containing sulfur globules when 
found in the presence of hydrogen sulfide. 

A. Non-motile, or slowly, jerkily sliding across the substrate. 

Genus I. Achromatium, p. 997. 

B. Actively motile, indei>ondent of the substrate. 

Genus II. Thiovulum, p. 999. 

II. Hod-shaped and curved organisms, motile by means of polar flagella. 

A. Bean-shai^d to short rod-shaped organisms nhich may contain small sulfur 
globules, but are chiefly characterized by large, round spherules of calcium 
carbonate as cell inclusions. The polar flagellum is often visible in the 
larger forms without special staining. 

Genus III. }facromonas^ p. 1000. 

Genus I. Achromatium Schewiakoff, 

(Schewiakoff, Ub. einen iicuen bacterienahnlichen Organismus des Susswassers, 
llabilitationsschr., Heidelberg, 1893; Modderula Frenzel, Biol. Centralbl., 17, 1897, 
801; Hillhousia West and Griffiths, Proc. Roy. Soc., B, 81, 1909, 389). From Greek 
o, without and chroma, color. 

Thiophysa Ilinze (Ber. d. deut. bot. Ges., 21, 1903, 309j and Thiosphaerella Nadson 
(Jour. Microbiol., St. P5tersb., /, 1914, 72) are also included in the genus as defined 
here. 

Unicellular organisms with largo cells, shortly cylindrical with hemispherical 
extremities, also ellipsoidal to spherical. Cells divide by a constriction in the 
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middle. Movements, if any, are of a slow, rolling, jerky type and are dependent 
upon the presence of a substrate. No special organs of locomotion are known. In 
their natural habitat, the cells contain sulfur droplets and sometimes additional in> 
elusions, such as large spherules of calcium carbonate. 

The type species is Achromatium oxaliferum Schewiakoff. 

It is not easy as yet to determine whether several species should be recognized in 
this genus. There appears to be some justification for differentiating between the 
forms which contain the characteristic and conspicuous calcium carbonate inclusions 
and fomis in which these large spherules‘are lacking. The former have been re¬ 
ported mostly from fresh or brackish water environments, while the characteristic 
habitat of the latter seems to be marine. It is, of course, probable that the internal 
deposition of calcium carbonate depends upon the composition of the environment, 
so that the distinction may prove arbitrary and non-specific. 

Achromatium cells of widely different sizes have been described. Schewiakoff 
(t)b. einen neuen bacterienahnlichen Organismus des Siisswassers, Habilitations- 
schrift, Heidelberg, 1893) mentions a variation of 15 to 43 microns in length, and 9 to 
22 microns in width for Achromatium oxaliferum. Larger cells have been observed 
by Warming (Videnskab. Meddel. naturhistor. Foren., Kjobenhavn, 1875, No. 20-28, 
360; size to 85 microns), and by Virieux (Ann. Sci. Natur., S4r. 9, 18, 1913, 265; size 
to 95 microns in length). 

Nadson (Bull. Jard. Imp. Botan., St. P^tersb., IS, 1913, 106; Jour. Microb., St. 
P4tersb,, /, 1914,52) proposed the name Achromatium gigas for the larger organisms; 
also West and Griffiths (Ann. Bot., S7, 1913, 83) created two species, Hillhoima 
mirabilis, with sizes of 42 to 86 microns long by 20 to 33 microns wide, and Hillhouaia 
palustris, measuring on the average 14 by 25 microns, for the same group of sulfur 
bacteria. 

How’ever, Bersa (Sitzungsber. Akad. Wiss., Wien, Mathem.-naturw’. Kl., I, 129, 
1920, 233) observed so many intermediate sizes that he recognized only a single 
species. Nadson and Wislouch (Bull. Princ. Jard. Botan., H<^publ. Russe, 22, 1923, 
Suppl. 1, 33) arrived at the same conclusion, and this view’ is accepted here. 

The marine Achromatium types winch do not contain calcium carbonate crystals, 
also have been segregated into species on the basis of their size. Here again, there 
does not seem to be any valid reason for maintaining several s|)ecies as there is a 
continuous scries of intermediate forms. 

Thus, the organisms previously described as Achromatium oxaliferum, Achroma¬ 
tium gigaSf Hillhouaia mirahilia and Hillhouaia palustria are provisionally treated 
here as one species, w’hile the marine counterpart, Thiophysa volutana, is combined 
with Thiophysa macrophyaa and Thwaphaerella amylifera, all three being regarded 
as Achromatium volutana. 

Key to the apeciea of genua Achromatium. 

I. Organisms characteristically containing calcium carbonate crystals in the form 
of highly refractile, large spherules. Occur most ly in fresh water and brackish 
muds. 

1. Achromatiuin oxaliferum. 

II. Organisms naturally occurring without such calcium carbonate inclusions. 
Found in marine mud. 


2. Achromatium volutana. 
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1. Achromatium ozaliferum Schcwia- 
koff. (SchewiakolT, Ub. oinen nouen 
bactcricnuhnliehen Organismus dcs Sliss- 
wassers, Hubilitalionsschrift, Heidel¬ 
berg, 1893; Moddcrula hariwigi Frenzel, 
Biol. Centnilbl., /7,1897, SOI; Ilillhousia 
mirahilia West and Griffiths, Proc. Roy. 
Soc., B, 8f, 1909, 389; Hillhousia palvs- 
tfia West and Griffiths, Ann. Bot., 27, 
1913, 83; Achroynatium gigas Xadson, 
Bull. Jard. Imp. Bot., St. I’tStersb., 13, 
1913, 106). From Latin oxalis, intended 
to refer to the supposed presence of 
oxalate crystals and/cro, to bear. 

rnicellular organisms, varying m 
shape from spherical or ovoid to shortly 
cylindrical with hemispherical extremi¬ 
ties. Division by constriction in the 
middle. Cells vary in size from spheres 
of about 7 microns or even less in diam¬ 
eter to giant forms 100 microns long by 
35 microns wide. Tlu* ext remes are con¬ 
nected by a continuous series of inter¬ 
mediate sizes. 

Organisms may sIkjw motdity of a 
jerky and rotating kind, always very 
slow, and tle|)endent upon a substrate. 
Typical organs of locomoiion absent 

Normally contain small sulfur glob¬ 
ules, accompanied by much larger cal¬ 
cium carbonate crystals, the latter in the 
form of large highly refractile spherules. 
Cnder favorable environmental condi¬ 
tions these may disappear before the 
sulfur globules. Cells with calcium car¬ 
bonate inclusions have a very high 
specific gravity. They are, therefore, 


found only in tlie bottom of jjools, 
streams, etc., u.sually in the imid. 

Strictly microaerophilic, and appar¬ 
ently require hydrogen sulfide. 

Habitat: Fresh waterand brackish mud 
containing hydrogen sulfide and calcium 
salts. According to Xadson and Wis- 
louch (Bull, princip. Jard. bot., U<5publ. 
Uusse, 22, 1923, Suppl. 1, SS"' also in ma¬ 
rine mud. 

2. Achromatium volutans (Ilinze) cowb. 
nov. (Thiophym volutans Ilinze, Ber. d. 
dcut. bot. Ges., 21, 1903, 309; Thiophysa 
macrophysa Xadson, Bull. Jard. Imp. 
Bot., St. Petersh., 13, 1913, 106and Jour. 
Micro!)., St. IVt(M\sl>., /, 1914, 54; Thin- 
^phaerclUi annjlifcra Xadson, Bull. Jard. 
imp. Boi., Si I'eier&l)., 13, 1913, 106and 
Jour. Micro!)., St. P^tersb., 1, 1914, 54.) 
From Latin volutans, rolling. 

rnicellular organisms, spherical to 
ovoid in shape, dividing by constriction 
in the middle. Size variable, ranging 
from spheres about 5 microns in diametc'r 
tf) ovoids up to 40 microns in length. 

Cecils may show motility of a jerky and 
rotating kind, always very slow, and 
deixindent upon a substrat'’. Tvjiical 
organs of locomotion absent. 

Normally contain sulfur globuh's. but 
lack large internal calcium carbonate* 
deposits. 

Microaerophilic, .apparently recjuiring 
hydrogen sulfide 

Habitat. M.iriia* mud containing hy¬ 
drogen sultuh'; decaying seaweeds. 


Genus IL Thlovulum Uinze. 

(Bor. d. dout. bot. CJes., 9t, 1913, 195.) Trom Orook l/i./o/i, .sulfur juul L.H.in 

Uniccllulurorgunisins, round to ovoid. Cytoph.sin ollon contoutratod at one ond 
of the cell, the rem.'iiuing sptioe bring oooupiod l).v a largo vacuole. Multiplication 
by constriction which, in late stages, iiiergos into fi.ssioii Actively motile; move¬ 
ments accompanied by rapid rotation. Flagellation not dcfinilely demonstrated, 
but type of locomotion suggests pol.ir flagellation. Norma ly contain sulfur globules 
in the cytoplasm, hence, these are frequently concentrated .tt one end of the cell 

The typt' species is Thiondutn wajus Hinzo. 
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As in the case of Aehromatium, it is difficult to establish distinct species. Those 
that have been described differ only in size, and the differences appear to be far from 
constant. For ThiovtUum {Monas) miilleri (Warming) Lauterborn (Verhandl. 
Naturhist.-medizin. Vereins, Heidelberg, N. F., IS, 1915, 414) the diameter is stated 
by Warming (Videnskab. Meddel. naturhistor. Foren., Kjdbenhavn, 1876, No. 20-28, 
363), Hinze (Ber. d. deut. bot. Ges., SI, 1913, 191) and Lauterborn {loc. cit., 415) 
respectively to be 6.6 to 15,13 to 15 and 5 to 13 microns. The ovoid cells of Thiovulum 
majus are noted as being 11 to 18 microns long and 9 to 17 microns wide, while Thio- 
mdum minus comprises the smaller forms from 9.6 to 11 microns long by 7.2 to 9 
microns wide. In view of the regular occurrence of all intermediate sizes it seems 
best to recognize only a single species at present. 


1. Thiovulum majus Hinze. (Hinze, 
Ber. d. deut. bot. Ges., SI, 1913, 195; in* 
eluding Thiovulum minus Hinze, idem.; 
Monas mtUleri Warming, Videnskab. 
Meddel. naturhistor. Foren., Kjdben¬ 
havn, 1875, No. 20-28,363; Achromatium 
mulleri Migula, Syst. d. Bakt. f, 1900, 
1038; Thiovulum mulleri Lauterborn, 
Verhandl. Naturhist.-medizin. Vereins, 
Heidelberg, N.F., IS, 1915, 414.) From 
Latin major, large. 

Unicellular organisms, spherical to 
ovoid. Cytoplasm often concentrated 
at one end of the cell, the remainder 
being occupied by a vacuole. Multipli¬ 
cation by constriction which, in late 
stages, merges into fission. Size of cells, 
5 to 20 microns in diameter. 


The most characteristic feature is its 
motility; it is the only one of the spheri¬ 
cal to ovoid, colorless sulfur bacteria 
capable of rapid movement. Flagella¬ 
tion has not been definitively demon¬ 
strated, but the type of locomotion sug¬ 
gests the presence of polar flagella. 

Normally contains sulfur droplets in 
cytoplasm, frequently concentrated at 
one end of cell. 

Microaerophilic; apparently requires 
hydrogen sulfide. 

Habitat: In sulfide-containing water, 
usually accumulating near the surface. 
Often in cultures of decaying algae. 
Both in fresh water and marine environ¬ 
ments. 


Genus III. Macromonas UiermOhl and Koppe. 

(Verhandl. Intern. Ver. f. Theoret. u. angew. Limnologie, 1923,86.) From Latin 
macro, large and monas, a unit or cell. 

Colorless, cylindrical to bean-shaped bacteria, actively motile by means of a 
single polar flagellum. Multiplication by constriction (fission). Chiefly character¬ 
ized by the occurrence of calcium carbonate inclusions in the form of large spherules. 
In their natural habitat they may also contain small sulfur globules. 

The type species is Macromonas mobilis (Lauterborn) Utermdhl and Koppe. 

Two species have primarily been distinguished on the basis of cell size. Whether 
this is sufficiently constant to serve as a specific character has not been definitely 
established. From studies still limited in scope and extent on the organisms in their 
natural habitat, it appears at present that the two species should be maintained, at 
least provisionally. It is possible, however, that further observations, especially 
with cultures under different environmental conditions, will show the occurrence of 
intermediate types and of a greater range of variation in size of pure cultures than 
what has previously been reported« 
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Key to the species of genus Macromonas. 

I. C’clls measuring 12 microns or more in length and 8 microns or more in width. 

1. Macromonas mobilis. 

II. Cells measuring less than 12 microns in length and 5 microns or less in width. 

2. Macromonas bipunctata. 


1. Macromonas mobilis (Lauterborn) 
Utermohl and Koppe. (Achromatium) 
mobi e Lauterborn, Verhandl. Natur- 
hist.-Medizin. Vereins, Heidelberg, N. F., 
ISy 1915, 413; Microspira vaciltana Cickl- 
horn, Cent. f. Bakt., II Abt., 60, 1920, 
422; Utermohl and Koppe, Verhandl. 
Intern. Ver. f. theoret. u. angew. Lim- 
nologie, 1923, 86 and Utermohl and 
Koppe, Arch. f. Hydrobiol, Suppl Bd. 5, 
1925, 234) 

Colorless sulfur bacteria, always oc¬ 
curring singly, slightly curved, elongated 
ellipsoids or cylinders with broad hemi¬ 
spherical ends. Length varies from 12 
to 30 microns, width from 8 to 14 microns; 
most common size 20 by 9 microns. MuL 
tiplication by constriction in the middle 

Cells actively motile by means of a 
single polar flagellum, distinctly visible 
without special staining. It is 20 to 40 
microns long, and, with respect to the 
direction of motion, always posteriorly 
placed. Rate of movement somewhat 
sluggish, about 800 microns per minute, 
probably on account of high specific 
gravity of cells. 

Normally contain small sulfur droplets 
and, in addition, large, roughly spheri¬ 
cal inclusions of calcium carbonate. 
Two to four such crystal masses xilmost 
fill a single cell. Under unfavorable 
conditions the calcium carbonate crys¬ 
tals may disapj^ear before the sulfur 
globules. 

Microaerophilic; apparently require 
hydrogen sulfide. 

Habitat: Fresh \sater (nviromnent 
containing sulfide and calcium ions; in 
shallow basins and streams in the upper 
layers of the mud. 

2. Macromonas bipunctata (Gicklhorn) 


Utermohl* and Koppe. (Pseudomonas 
bipunctata Gicklhorn, Cent. f. Bakt., II 
Abt., 50,1920,425; Utermohl and Koppe, 
Arch. f. Hydrobiol., Suppl. Bd. 5, 1925, 
235.) 

Cells colorless, occurring singly, cylin¬ 
drical with hemispherical ends; after 
cell division often temporarily pear- 
shaped. Length 8 to 12 microns, width 
3 to 5 microifs. Multiplication by con¬ 
striction in the middle. 

Actively motile by means of a single 
polar flagellum, about 10 to 15 microns 
long, and always posteriorly placed 
with respect to the direction of move¬ 
ment. Flagellum delicate, not visible 
without staining. Rate of movement 
sluggish, about 600 microns per minute. 
Probably this slow motion is on account 
of the high specific gravity of the cells. 

Normally contain calcium carbonate 
crystals as inclusions. These are in the 
form of large spherules, one or two of 
which nearly fill the individual cells. 
Sulfur globules have not been demon¬ 
strated with certainty as yet. 

Microaerophilic, but it is uncertain 
whether hydrogen sulfide is required. 

Source: From s<ems, leaves, etc. of 
fresh water plants in ponds near Graz, 
Austria. 

Habitat: Fresh water environments 
containing calcium ions; but it has been 
found in sulfide-containing as well as in 
sulfide-free water. In shallow basins 
and streams in upper layers of the mud. 

Note: Another species in this genus is 
Macromonas hyalina (Gicklhorn) Uter¬ 
mohl and Koppe. (Pseudomonas hyalina 
Gicklhorn, Cent. f. Bakt., II Abt., 50, 
1920, 426; Utermohl and Koppe, Arch. f. 
Hydrobiol., Suppl., 5,1925,235.) Similiar 
to Macromonas bipunctata. 
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APPENDIX TO ORDER CHLAMYDOBACTERIALES 

A recently recognized order of filamentous bacteria includes organisms similar in 
many ways to those included in Chlamydobacteriales. 

ORDER CARYOPHANALES PESHKOFF.’^ 

rjour. Gen. Biol., (Russian), /, 1040, 611, 616.) 

Filamentous or bacillary bacteria of variable size chamcterized cither by the pres¬ 
ence of a central body or a ring-iike nucleus which frequently takes the form of a disk. 
These bodies are clearly visible in the living cells. The nuclear elements give a clear- 
cut Feulgen reaction. The filaments may be enclosed in a sheath. Colorless. The 
individuals consist of cylindrical cells enclosed in a continuous sheath or they are 
tube-like cOfenocytic organisms containing varying numbers of ring or disk-like nuclei 
separated from each other by alternating protoplasmic segments. These may disin¬ 
tegrate into mononucleate coccoid cells. Gonidia sometimes formed. Found in water 
and in the intestines of arthropods and vertebrates. 


FAMILY I. PONTOTHRICACEAE PESHKOFF 
Jour. Gen. Biol. (Russian), 1, 1940, 611, 616.) 

Long, unbiunched filaments which consist of separate cells in a continuous sheath. 
Multiplication by cell division, homogoniaand unicellular gonidia. Resemble the blue 
green algae but they are non-motile and photosynthetic pigments are lacking. Free 
living forms. 

Genus I. Ppntothrlx Nadson and Krassilnikow, 


(Comp. rend. Acad. Sci. de U.R.S.S., A, No. 1, 193^, 243-247.) 

Characters as for the family. 

The type species is Pontothrix longissima (Molish) Nadson and Krassilnikow. 


1. Pontothrix lon^ssima (Molish) 
Nadson and Krassilnikow. {Chlamy- 
doihrix longissima Molish, Cent, f. Bakt., 
II Abt., 55,1912,60; Nadson and Krassil¬ 
nikow, loc, cit.f 243.) Cells in the fila¬ 


ments, 1.5 to 2.0 by 1.0 to 5.0 microns. 
Filaments 0.5 cm in length. Cells show 
a central chromatin body. Found on 
Zostera marina in the Bay at Sebastopol 
on the Black Sea. 


FAMILY II. ARTHROMITACEAE PESHKOFF. 

(Jour. Gen. Biol. (Russian), i, 1940, 611, 616.) 

Filaments probably divided into cells although septa (protoplasmic?) disappear 
during sporulation. Disk-like nuclei alternate with thin protoplasmic segments 
(septa). Spores form in the distal ends of filaments. Non-motile. The filaments 
are attached by a spherical body in groups to the intestinal wall of insects, crusta¬ 
ceans and tadpoles. 

Genus I. Arthromitus Letdy, 

(Proc. Acad. Nat. Sci., Philadelphia, 4, 1849 , 227.) 

Characters as for the family. Although the description is worded somewhat 
differently, there does not seem to be any essential difference between this and the 
following genus. 

The type species is Arthromitus cristatus I.<eidy. 

* Arranged by Prof. Michael A. PeshkoflF, Institute of Cytology, Acad, of Sci., 
Moscow, U.S.S.R., April, 1947. 
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1. Arthromitus cristatus Lcidy. 
(Proc. Acad. Nat. Sci., Phila., 4,1849,227 
and Jour. Acad. Nat. Sci. Phila., 8, 1881, 
443.) From tlio intestine of the millipcd 
(JuUis tnarf/inatus) and the termite {Re- 
Uculitermes Jlavipes). Filaments deli¬ 
cate, straight or inflected, growing in 
tufts usually of moderate density, from 
minute, attached, yellowish rounded or 
oval bodies. Articuli short, cylindric, 
uniform, length 2.75 microns, width 0.6 
micron, no trace of interior structure. 
Length of filament 67 to 543 microns, 
breadth 0.6 micron. 

2. Arthromitus intestinalis (Valentin) 
Peshhoff. (Jlyyrocrocis intestinalis Val¬ 
entin, Ileport. f. Anat. u. Phys., /, 1836, 
(XX); Peshhoff, Jour. Gen. Biol. (Russian), 
/, 1940, 597.) From the intestine of the 


cockroach (Blalla unenlalis). Cliatton 
and Perard (CJompt. rend. Soc. Biol., 
Paris, 74, 1913, 1160) conclude that this 
species and Arthromitus cristatus Leidy 
are of the same genus although they ac¬ 
cept the name Hygrococis as having pri¬ 
ority. However, the latter is invalid as a 
bacterial genus l>ecau8e it was given 
earlier as the name of a genus of algae. 
See Buchanan, General Systematic Bac¬ 
teriology, 1925,183. 

3. Arthromitus nitidus Leidy. 
(Smithsonian O)ntributions to Knowl¬ 
edge, J, 1852, 35.) From the intestine of 
the millipcd (Julus marginatus), 

4. Arthromitus batrachorum Collin. 
(Arch. Zixfl. Kxp($r. et G4n., 61, 1913,63.) 
From the aliim nlary tract of toad tad¬ 
poles {Bufo calamita). 


Genv^ //. Coleomltus Duhoscq and Grasse. 

{Coleoncma Duhoscq ami Grasse, Arch Zool. l'Np6r. ct G(5n., 68, 1929, Notes et 
Revue, U; not Colconemn BaiM. and Wendl , 1921, fain. Rutaceac; Duboscq and 
Grass(^, Arch. Zool. K\por et (h^n , 70, 1930, N et R , 28.) 

Long filaments, divided hv partitions Bacillary elements in basal region. Ovoid 
or ellipsoidal spores in other partes of filament originating by transformation from 
these bacillary elements through sporoblasts. 

The type species is Colcomilit^ prw'ott Duboscq and Grass6. 


1. Coleomltus pruvotl (Duboscq and 
Grass^) Duboscq and Grass(^. {Coleo- 
nema pruvuti Duboscq and Gras.se, Arch. 
Zoo!. Expdr. et Gdn., 68, 1929, Notes et 
Revue, 14; Arch. Zool. Kxpeir. et Gen.. 
70, 1930, N. et R., 28.) In the intestine 
of a termite {Kalotermes sp.) from the 
Ixiyalty Islands. 


Filaments with hyaline sheath, length 
variable up to 320 microns, breadth 1.3 
microns Bacillary elements 3 to 4 
microns long, also elements up to 6 mi¬ 
crons with a chromatic granule or disc 
in the middle of the body. Spores ellips¬ 
oidal 0.8 to 0.9 by 1.7 to 2.0 microns, all 
containing an exccntrically placed gran¬ 
ule of volutin. 


FAMILY III. OSCILLGSPIRACEAE PESHKOFF. 
(Jour. Gen. Biol. (Russian), J, 1940, 611, 616.) 


Bacillary and filamentous forms. Fila¬ 
ments are most probably partitioned to 
form narrow cells each containing a cen¬ 
tral chromatin body (disk-like nucleus). 
Those give a clear Feulgen reaction, and 
an* embedded in hyaline protoplasm. 


Spores arc formed by a fusion of 2-3 proto¬ 
plasts of neighboring cells. Actively 
motile. The cliaractcr of the motion sug¬ 
gests the presence of peritrichous flagella. 
Parasitic in the intestinal tract of verte¬ 
brates. 
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Genus /. OscUlospira Chatlon and Perard. 


(Comp. rend. Roc. Biol., Paris, €5^ 1913, 1150.) 

Characters as for the family. 

The type species is OscUlospira guilliennondii Chatton and Perard. 

1. OscUlospirasuilliennondil Chatton pig. Spores 2.0 by 4.0 to 5.0 iniTrons 
and Perard. (Cliatton and Perard, (Krassilnikow, Microbiol. Jour. (Rih- 
idem,) From the intestine of a guinea sian),^, 1928,249). 


FAMILY IV. CARYOPHAXACKAE PESHKOFF 


(Jour. Gen. Biol. (Russian"), /, 1940, 611, 616.) 


Laiige filamentous and bacillary forms 
Individuals not divided into cells; they 
are virtually coenocytic tubular organ¬ 
isms containing alternating ring, horse¬ 
shoe or disk-like nuclei and protopla.smie 
segments. Such nuclei are most compar¬ 
able with single chromosomes reproducing 


themselves by means of a true endomito- 
sis (Peshkoff, Nature, 154, 1946, 137). 
Xo spores formed. When motile, possess 
|MM‘itrichous flagella. They arc found on 
the mucous membranes of the mouth 
cavities of man and various animals, and 
in the alimentary tracts of ruminants. 


Genus I Caryophanon Peshkoff. 
(Loc Cl I ) 

Characters as for the family. 

The type species is Canjophanon latum P(‘.shkoff. 


1. Caryophanon latum Peshkoff. 
(Compt. rend (Doklady) Acad. Sci., 
U.R.S.S. Nouvclle s^rie, 26, 1939, 241; 
Jour. Gen. Biol. (Russian), /, 1940, 527; 
Microbiology (Russian), 16, 1946, 189.) 

Slightly curved rods 3.1 by 15 to 20 
microns. Grow on cow manure-extract 
agar pH 7.8 to 8.0. Also grow on yeast- 
extract agar at same pH. Aerobic. Iso¬ 
lated from 20 to 30 per cent of samples of 
fresh cow manure. Non-pathogenic. 
Isolated at least 20 times in Moscow 
(U.S.S.R.) and its vicinity by Peshkoff. 
In 1945 isolated and successfully culti¬ 
vated in England by Robinow and Pring- 
sheim. Apparently ubiquitous, con¬ 
nected with ruminants. Colonies round, 
1 to 2 mm in diameter with slightly undu¬ 
late margins. Subject to distinct S-R 
variation. R forms tend to grow in long 
motile filaments and are much thinner 
than the plump S individuals. May 
occur in the form of mononucleate coc- 
coids (especially on yeast-extract agar) 
and poly nucleate bacilli. When grown 


from old cultures may develop irregular 
giant forms. 

2. Caryophanon tenue Peshkoff. 
(Comp. Rend (Doklady) Acad. Sci. 
U. R. S. S., Nouvellc S6r., 25, 1939, 244; 
Jour. Gen. Biol. (Russian), /, 1940, 597.) 

Similar to the above species, but more 
slender. Diameter 1.5 microns. Grows 
on cow manure extract agar and yeast- 
extract agar at pH 7.8 to 8.0. From fresh 
cow manure. 

3. Caryophanon muellerl comb. nov. 
(Simonsiella muelleri Simons, Cent. f. 
Bakt., I Abt., Grig., 88, 1922, 50.) Non- 
motile. Found on mucous membrane of 
oral cavity of healthy humans, 3.0 to 4.5 
by 10.0 microns. 

4. Caryophanon crasse comb. nov. 
(Simonsiella crassa Simons, loc. cit., 
509.) Non-motile. Found on mucous 
membrane of domestic animals. 

5. Caryophanon fillformls comb. nov. 
{Simonsiella filiformis Simons, loc. cit., 
509.) Long filaments from mucous mem¬ 
brane of oral cavity of domestic animals. 
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ORDER IV. MYXOBACTERIALES JAHN.* 

(Kryptogamenflora der Mark Brandenburg, V, Pilze 1, Lief. 2, 1911, 201.) 

Synonymy: Myxobacteriaeae Thaxter, Bot. Gaz., 17, 1892 , 389; Myxobactralea 
Clements, The genera of fungi. Minneapolis, 1909, 8; Synhacterih Pinoy, Compt. 
rend. Acad. Sci., Paris, 167, 1913* 77; Myxohacterieae Heller, Jour. Bact., 6, 1921, 521; 
Polyangidae Jahn, Beitrage zur botanischen Protistologie, I, Die Polyangiden, Geb. 
Borntraeger, Leipzig, 1924; Myxohacteriae Stanier and van Kiel, Jour. Bact., 
1941, 437. 

The name Myxobacteriaceae, although having the form of a family designation, 
was proposed by Thaxter (loc. cit.) in an article bearing the title ‘^On the Myxobac¬ 
teriaceae, a new order of Schizomycetes.** Apparently the first ordinal name was 
that given by Clements (Joe. cit.), but does not follow the spelling fixed by the prece¬ 
dent of Thaxter. The revised spelling was given by .Jahn as Myxohacteridles. Pinoy 
(Joe. cit.) suggested Synbacteriks. The name Myxohacterieae was proposed by Heller 
(loc. ci7.) asaclass designation, Bacteriahaing regarded as the designation of a phjdum. 
Polyangidae is likewise a class designation, Jahn (1924, luc. cit.) concluding this group 
should be coordinate in rank with the Schizomyceies. Buchanan (Jour. Bact., S, 
1918, 541) proposed the name Myxohacteriales, not knowing of the previous use of 
the term. He has therefore at times been incorrectly designated as the author of 
the name. 

It may be argued that a more appropriate ordinal designation might be Polyangialcs, 
inasmuch as the generic name Myxobacter proposed by Thaxter was soon found to be 
a synonym of Polyangium Link. However, there would seem to be justification of 
the retention of a name based upon an “ancient generic name** in Rule 21 of the Brus¬ 
sels Code. 

The group is herein regarded as an order, though Jahn, and Stanier and van Nicl 
agree in regarding it as a class. 

Common or trivial names. The slime bacteria, myxobacteria or polyangids. 

Brief characterization of the order. The relatively long, slender, flexible, non- 
flagellate vegetative cells produce a thin, spreading colony (pscudoplasmodium, 
swarm). The cells are often arranged in groups of 2 or 3 to a dozen or more, their 
long axes parallel. The group moves as a unit, by means of a crawling or creeping 
motion, away from the center of the colony. The moving cells pave the substrate 
with a thin layer of slime on which they rest. 

During sporulation (which occurs in all forms except members of the genus Cyto- 
phaga) the cells are much shortened, in some cases becoming spherical or coccoid, 
thick-walled and highly refractile. Fruiting bodies are formed by the species of all 
families except the Cytophagaceae and the genus Sporocytophaga of the.family Myxo- 
coccaceae. The fruiting bodies may consist of aggregations of cysts in which the 
spores (resting cells) are inclosed, or of masses of mucilaginous slime surrounding 
large numbers of shortened, rod-shaped*, or coccoid spores. Fruiting bodies may be 
sessile or stalked. They are usually pigmented a bright shade of orange, yellow, 
red or brown, though colorless fruiting bodies, as well as black, have been described. 

* The section covering the order Myxohacteriales was first developed in its present 
form by Professor R. E. Buchanan, Iowa State College, Amesy Iowa, for the fourth 
edition of the Manual issued in 1934. It was revised by Professor Buchanan for the 
fifth edition in 1939. The present review has been carried out by Dr. J. M.^ Beebe 
and Professor R. E. Buchanan who had had material assistance from Dr. R. Y. Stanier, 
April, 1943. 
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Members of the genus Sporocytophaga are not known to produce fruiting bodies os 
such, but often dense agglomerations of shortened rods or cocci have been noted; 
these may be interpreted as primitive forms of fruiting bodies. 

Physiologically most species show great similarity, preferring substrates rich in 
cellulosic or other complex carbohydrate materials. 

Most of the known species are saprophytic or coprophilic and may be found on 
dung, in soil, on rotten wood, straw, leaves, etc. They frequently appear to live in 
close association with various true bacteria and are probably parasitic on them. 
Many Imveheen cultivated on dung. One species is aquatic and parasitic on an alga, 
Cladophura sp. (Geitler, Arch. f. Prostistenol., 50, 1024, 67). One is parasitic (?) 
on lichens and some are halophilic marine forms (Stanier, Jour. Bact., 40, 1040, 623). 
Another species is reported as pathogenic for fish (Ordal and Rucker, Proc. Exper. 
Biol, and Med., 56, 1041, 15). 

Culture media. The myxobacteria arc frequently cultured by transferring to dung. 
For certain species sterilized dung has been reported as less favorable than the un- 
stcrilized. Dung decoction agar has often been employed. Among the early investi¬ 
gators, Quehl (Cent. f. Bakt., II, Abt., /0,1906,9) secured slow growth of some species 
on malt extract-gelatin at 18® to 20°C with digestion of the gelatin. Potato-nutrient 
agar was reported better than dung agar, while no growth occurred on sterilized potato 
alone. Peptone was considered necessary* glucose had little effect. Pinoy (Comp, 
rend, Acad. Sci., Paris, 167y 1913, 77) claimed that satisfactory development of Chon- 
dromyces crocatns depended upon the presence of a species of Micrococcus in the 
medium. Kofler (Sitzber. d. k. Akad. Wiss., Wien, Math. Nat. Khisse, 122 Abt., 
1913, 845) successfully used a sucrose-peptone agar to which was added potassium 
and magnesium salts. 

Recent evidence indicates that the carbon requirements of these organisms are 
met satisfactorily by the more complex carbohydrates, and frequently by their prod- 
uct.^ of hydrolysis. Mishustin (Microbiology, Moscow, 7, 1938, 427), Imscnecki 
and Solntzcva (Microbiology, Moscow, 5,1937, 3), Krzernieniewski and Krzemieniew- 
ska (Acta Soc. Bot. Pol., 5,1927,102) and others have reported good growth of several 
species of myxobacteria on cellulose. 

Beebe (Jour. Bact., 40, 1940,155) claimed several species to be facultative parasites 
on various true bacteria. Good growth was obtained on suspensions of killed bacterial 
cells in 1.5 per cent agar Sniosko, Hitchner and Mc.Allister (Jour. Bact., 41 y 1941, 
26) showctl the destruction of living bacterial colonies by colonies of myxobacteria. 

Temperature range. Most species cultivated in the laboratory show a minimum 
between 17° and 20°C though some species grow at 10°C. Maximum growth usually 
occurs at alx)ut 35°C and the maximum growth temperature is about 40°C. More 
normal fruiting l)odics are produced at lower temperatures. 

The Krzemicniewskis (Acta Soc. Bot. Pol.,5,1927,102) report that the fruiting bodies 
of Mcliltangium boletuSj Myxococcus virescens, Chondrococcus coralloides, Archangium 
gephyra and Archangium primigenium var. assurgens first develop, followed by Poly- 
angium f uscum and P. f uscum var. vclaium. At 30°C they appear in al3out 5 to 7 days, 
at 17° to 20°C in 8 to 12 days, and at 11° to 14°C in 24 to 30 days. Each 10°C rise in 
temperature approximately halves the time. Other species are slower in developing. 

The vegetative rods. The vegetative cells are long, flexuous rods, often 30 times 
as long as broad. Thaxter noted rods up to 15 microns in length though these appear 
abnormally long. In general the cells are cylindrical, more rarely tapered or pointed 
at the ends. Jahn (1924, loc. cit.) described spindle-shaped cells. Thaxter (Bot. 
Gaz., S7, 1904,405) believed tha^ a highly clastic wall was present; other authors have 
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failed to prove it by plasinolytic agents. Jahn slates that tinctorial and chemical 
methods failed to definitely show the presence of a membrane, but that the elasticity 
of tlie colls show this clearly. The cells are flexible, not rigid as are ordinary bac¬ 
teria. Beebe (Jour. Bact., 4/, 1941,214) reported the presence of a cell membrane in 
Myxococcus xanthusj oftcii made visible with proper staining procedures. The cells 
frequently show one or more refractive granules. Thaxter also noted nucleus-like 
granules in the spores of Myxoweem, while Bauer (Arch. f. Protistenk., 5, 1905, 92) 
reported that during germination of the spores of Myxococcus a refractile granule is 
found at each end of the cell. Badian (Acta 80c. Bot. Pol., 7, 1930, 55) stated that 
the cell of Myxococcus vh escens lacks a true nucleus, but that there is present a baso¬ 
philic structure probably nuclear in nature. It i^ dumb-bell-shaped and divides 
longitudinally in mitosis. In six)re formation an autogamy occurs followed by what 
appears to be a reduction division. All chromatin material was Gram-negative except 
during reduction; it may be stained by hematoxylin. Beebe noted a condensed 
mass of nuclear material in the vegetative cells of Mifxococcus xanthus that divided 
by constriction prior to each cell fission Nuclear division is considered to be non- 
random amitosis. Cell division is by means of constriction at a jxiint near the center 
and is always complete. The nucleus is stained by gentian violet and by iron-hema¬ 
toxylin and gives a faintly positive Feulgcn reaction. What appears to be an autog¬ 
amous fusion of chromosomes takes place during sporulation, followed by a nuclear 
division during germination of the spores. The siiorcs germinate by a process anala- 
gous to budding. Vahle (Cent. f. Bakt., II Abt., 25, 1909, 178) found fat globules 
and occasional small volutin grarfules in 3 to 4 day old cultures. Glycogen was not 
found. 

In masses the vegetative rod^ may be somewhat reddish in color. Thaxter suggested 
the possibility that the color might be bacteriopurpurin. Treated with concentrated 
sulfuric acid the pigment gives a blue reaction, hence Jahn (1924, loc, cit.) concludes 
it to be carotin. 

Motility of the ceils. Baiir (/oc. cil.) states that cells have a power of forward 
movement at a rate of about 10 microns per minute. No flagella arc present. The 
cells ilo not “swim ” They may bend and are unlike most true bacteria in this 
respect, though Dobell (Quart. Jour, of Microscop. Science, 56, 1911, 395 and Arch 
f. Protistenkunde, 26, 1912, 117) describes such flexibility for the giant bacteria (sec 
Bacillus flcxilis). This is characteristic also of Ucgyialoa, Oscillaton'a and 
Spirochaeta. 

The cells en masse move in a “front,*' advancing and leaving behind a slime. The 
cells in general tend to lie on rather than in the slime. The exact mechanism of 
motion has proved puzzling. Jahn believes the motion to be related to that of forms 
like Oscillatoria, and to be due to excretion of slime from the cell, probably an asym¬ 
metrical excretion which pushes the cell along. 

The colony. This has been variously termed a swarm, pseudoplasmodium, plas- 
modium and reproductive communalism. It bears a faintly superficial resemblance 
to the Plasmodium of certain of the slime molds (Myxomycetes) but differs in that the 
true Plasmodium is composed of the fused bodies of large numbers of amoeboid cells. 
The myxobacterial colony is an aggregation of individual rod-shaped, bacterial cells 
that are not amoeboid. The slime produced by the cells is not protoplasmic, and the 
colony is not motile but increases in size as the cells move away from the center. 
Larger numbers of cells are to be found at the margins than on the central portions of 
the colony; in consequence, fruiting bodies tend to be found in concentric rings on 
the colony. The cells lie on the surface of the slime which they secrete, not in it. 
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Thaxter proposed the term *^pseudoplasmodium” as a satisfactory descriptive name 
for the vegetative colony, while Jahn preferred the use of ^'swarm stage.” Inasmuch 
as the term “colony” in relation to bacterial growth implies large numbers of vege¬ 
tative cells developing as a unit without regard for size, shape or structure, it is equally 
suitable. Stanier (Bact. Rev., 5,1942,183) speaks of the condition as “repi-oductive 
communalism.” 

Pigmentation of the fruiting bodies is commonly employed in the differentiation 
of species. Species that produce colorless cysts and some with black pigment h^ve 
been reported; in general the fruiting bodies are brightly colored in shades of yellow, 
red, orange or brown. The color seems to originate in the slime or cyst walls rather 
than in the encysted cells; its nature is not well understood. The Krzemieniewskis 
(Bull. Acad. Polon. Sci. Lettres, Classe Sci. Math. Nat., S4r. B, Sci. Nat., I, 1937, 
11 ) noted that the orange-red fruiting bodies of Sorangium compositum became gray- 
brown in strong alkali; the pigment was highly soluble in acetic acid and alcohol and 
easily soluble in ether and chloroform. It was insoluble in benzol, carbon di-sulfide 
and petroleum ether. They suggested that it was a carotin derivative rather than 
true carotin. 

Beebe (1941, loc. cit.) found that the pigments of Polyangium fuscurriy Podangium 
erecturrif Myxococcus virescenSy Chondrococcm hlasticus and Myxococcus xanthus 
gave typical carotin reactions in concentrated sulfuric acid, but were insoluble in 
chloroform, ether, acetone and methyl and ethyl alcohol. An atypical carotin reaction 
resulted with hydrochloric and nitric acids. He concluded the pigments to be 
related to the carotins. 

The fruiting bodies. After growth as a vegetative colony the pseudoplasinodium 
usually forms fruiting bodies which may in the different species be of many shapes and 
sizes. Differentiation of species, genera and families is based almost entirely upon 
the character of fruiting body developed. In scune cases a stalk is produced, in 
some not. 

In some forms the stalk is delicate and white, consisting of little-changed slime, in 
other cases it may be stiff and colored. The rods evidently are carried up by the 
slime w'hich they secrete. In some forms the stalk is simple and short, in others 
relatively long and branched. 

The rods ordinarily associate in more or less definite clumps to form cysts. These 
cysts may be sessile or stalked. Usually the rods shorten and thicken materially 
before the cyst ripens. In some fornis they shorten so much as to become short ovoid 
or cylindrical, functioning as spores. They are not endospores such as are found in 
the genus Bacillus, 

The cysts may or may not possess a definite membrane produced from slime. Usu¬ 
ally the cysts are bright colored, frequently red, orange or yellow. The spores within 
the cysts when dried retain their vitality for considerable periods of time. Jahn 
records germination of Polyangium fuscum after 5J years, of Myxococcus fulvics after 
8 years. 

Methods of isolation. One technic of isolation used by the Krzemieniewskis 
(1927, loc, cit,) was to sieve the fresh soil, place it on blotting paper in petri dishes, 
and add sterilized rabbit dung. The soil w^as saturated with water to 70 to 100 per 
cent, and the plates incubated at 26° to 30°C. After 5 to 10 days fruiting bodies began 
to appear on the dung. Numerous species were isolated by this method. 

Mishustin {loc, cit,) employed silica gel plates on the surface of which sterilized 
filter paper had been placed. Small lumps of soil were placed on the filter paper and 
the plates incubated for several days at various temperatures. Vegetative myxo- 
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bacterial coloniea developed around the inocula and were purified by transfer to fresh 
cellulose plates. 

Beebe reported a modified Krzemieniewski technic to be satisfactory. Fruiting 
bodies that had developed on sterilized rabbit dung were transferred to bacterial 
suspension agar plates. Associated bacteria failed to grow well, but m^bacteria 
developed rapidly. 

The species of the genera Cyiophaga and Sporocytaphaga require special technics 
.(Stanier, Bact. Rev., d, 1942, 143). The soil forms which decompose cellulose may 
be enriched with a medium consisting of cellulose (usually in the form of filter paper) 
and a neutral or slightly alkaline mineral base containing either ammonium or nitrate 
salts as nitrogen source. For certain species chitin may be substituted for cellulose. 
Pure cultures may be secured by use of soft agar (1 per cent or less) with finely divided 
cellulose or with cellulose dextrins (Fuller and Norman, Jour. Bact., 46, 1943,281). 

Cultivation of organisms. Pure cultures of many species have been grown upon 
various media and substrates. Sterilized dung, dung decoction agar, nutrient agar, 
potato and potato agar, sterilized lichens, etc. have all been used. Little study 
has been made of the food requirements. Recent evidence indicates the utilization 
of some of the more complex carbohydrates. Im§enecki and Solntzeva (Microbiology, 
Moscow, 6, 1937, 3) reported the growth of certain species on cellulose with partial 
decomposition of that compound. Mishustin (Microbiology, Mosjcow, 7, 1938, 427) 
isolated five species of cellulose-decomposing myxobacteria, cultivating them on a 
mineral salt-silica gel medium to which filter paper had been added as a source of 
carbon. Krzemieniewska (Acta. Soc. Bot. Polon., 7, 1930, 507) grew species of the 
Cyiophagaceae on cellophane, while Stapp and Bortels (Cent. f. Bakt., II Abt., 90, 
1934, 28) record the growth of other members of the same family on media containing 
such carbon sources as mannitol, glucose, sucrose, dextrin, cellotriose and cellobiose. 
Inorganic nitrogen sources compared favorably with organic, in some cases appearing 
to be preferable. Stanier (Jour. Bact., 40, 1940, 623) observed peptone and yeast 
extract to be the only suitable nitrogen sources for the Cyiophagaceae, inorganic salts 
and amino acids failing in this respect. Agar and cellulose were decomposed, while 
chitin and starch were not utilized. Johnson (Jour. Bact., 24, 1932, 335) and Benton 
(Jour. Bact., 29, 1935,449) both reported chitinovorous myxobacteria. Beebe (Iowa 
State Coll. Jour. Sci., 16, 1941, 319 and 17, 1943, 227) claimed growth of species of 
Polyangium, Podangium, Chondrococcus and Myxococcua on 1.5 per cent agar with no 
other nutrients added. Peptone appeared to aid development, while the addition 
of beef extract had no favorable effect. Moderate growth occurred on a mineral salt- 
agar medium without the addition of carbon or nitrogen sources. Growth was stimu¬ 
lated by the addition of various complex carbohydrates including cellulose and starch, 
the latter being hydrolyzed; complete inhibition resulted with pentoses and hexoses. 
Best growth was reported on a medium composed of dried bacterial cells suspended in 

1.5 per cent agar. The suspended cells were lysed by the myxobacteria. 

The Krzemieniewskis (Acta Soc. Bot. Pol., 6, 1927, 102) showed that the optimum 
hydrogen ion concentrations for growth of different species were found between pH 

3.6 and 8.0. Beebe (1941, loc. cit.) reported no growth of any species below pH 6.0, 
while moderate development was noted up to pH 9.0. 

Habitat and distribution. Many species have been described from dung. The 
work of the Krzemieniewskis (Acta Soc. Bot. Pol., 5, 1927, 102), Mishustin (Micro¬ 
biology, Moscow, 7,1938,427), ImSenecki and Solntzeva (loc, cit.) and others seems 
to indicate that they occur commonly in soils, particularly soils under cultivaton 
or high in organic materials. Different species appear to be characteristic of venous 



1010 


MANUAL OF DETBRMXNATIVB BAGTBRIOLOOT 


types of soils. Polyangium cellvlosum var. ferrugineum Mishustin and Polyangium 
celJtilostim var./uaetimMishustin (Zoc. ci7.) were observed to be common in the black 
soils of Eastern European Russia, while a similar variety of the same species was 
reported only from podzol soils. Species of the families Polyangiaceae^ Sorangiaeeae 
and to a lesser degree Archangiaceae appear to predominate in Russian and European 
soils, while the soils of Central and Western United States seem to be more suitable 
for the growth of the Myxococcaceae. Soils of mountainous regions are said to contain 
fewer numbers of myxobacteria than those of lowland areas. 

The distribution of myxobacteria in the soil seems to show a relationship to the 
hydrogen ion concentration. Some species are found only in neutral or alkaline soils 
(pH 7.0 to 8.0), others only in acid soils (pH 3.6 to 6.4). Some species show a wide 
tolerance (pH 3.6 to 8.0). 

Relattonshlps of the Myxobacteria. The resemblance of the pseudoplasmodium 
of the myxobacteria to the plasmodium of the slime molds is as noted above probably 
to be regarded as without significance, as is also the superficial resemblances of the 
fruiting bodies of the two groups. Jahn (1924, loc. cit.) dismisses the relationship to 
the Thiobacterialea suggested by Thaxter as improbable. Thaxtor believed the pos¬ 
session of the red color might show presence of bacteriopurpurin; but Jahn found a 
carotin reaction which argues against this idea. Jahn insists upon a close relation¬ 
ship to the blue-green algae, particularly because of the mobility of the cells and the 
creeping motion.. He does not believe all Schizophytae that do not belong to the 
Cyanophyceae (blue-green algae) should be grouped as bacteria. He believes the 
myxobacteria to be more closely related to the blue-green algae than to the true bac¬ 
teria, and creates the class Polyangidae to be coordinate with the class SchizomyctUa. 
In this he ignores the equal evidence of close relationship of the sulfur bacteria to 
the Cyanophyceae. His argument would lead to the recognition of all the orders of 
bacteria recognized in this Manual as classes. The wisdom of this is not apparent. 
The Myxobacterialea may be regarded as a well-differentiated order of the Schizo^ 
myceiea showing some resemblance to the true bacteria on the one hand and the Myzo- 
phyceae (Cyanophyceae)^sjid Thiobacterialea on the other. 

Families of the Mjrxobacteriales. The division of the order Myxobacterialea into 
families has been based, in all classifications proposed, upon morphology. The final 
demonstration by Stanier (Jour. Bact., 4^, 1940,6^) of the close relationship between 
species of the genus Cytophaga and the myxobacteria led him to propose the recognition 
of a new family, Cytophagaceae. 

The principal character differentiating this family from the four previously recog¬ 
nized is the absence of differentiated fruiting bodies. The resting ceils are rod-shaped 
in the genus (Cytophaga). In another genus recognized by Stanier (Sporocytophaga) 
the resting cells are spherical. This brings the taxonomist face to face with the 
problem of deciding whether the presence of fruiting bodies or the spherical shape 
of the spores should be the primary basis of differentiation. The formation of 
spherical spores is believed to be of sufficient significance to require the inclusion of 
all organisms producing such in the familyMyxococcaceae . Sporocytophaga^ although 
it produces no fruiting body, is therefore placed in this family, while those forms 
which produce neither spherical spores nor fruiting bodies (genus Cytophaga) are 
placed in the new family Cytophagaceae. 

Krzemieniewska’s (Acta Soc. Bot. Pol., 7,1930, 607 and Arch. Microbiol., 4, 1933, 
894) conclusion that two distinct cell shapes appear in the myxobacteria (short, thick 
rods with ends almost truncate, and long, slender rods almost spindle-shaped in some 
cases with pointed tips) is supported by Stanier (Bact. Rev., 6, 1942,143) as also the 
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conclusion that the family Archangiaceae should be abandoned (Krzemieniewski 
and Krzemieniewska, Bull. Acad. Pol. Sci. Lettres, Classe Sci. Math. Nat., S4r. B., 
Sci. Nat., I, 1937, 11-31) and the genera and species redistributed. The validity 
of the argument is accepted, but the family is retained until a satisfactory revision 
can be effected. This should be based on a careful comparative study of the species. 

Key to the Familiea of Order Myzobacteriales. 

I. Neither definite fruiting bodies (cysts) nor spores (microcysts) produced. 

Family I. Cytophagaceae, p. 1012. 

II. Spores (resting cells, microcysts) produced. 

A. Resting cells (spores, microcysts) elongate, not spherical or ellipsoidal. Fruit¬ 

ing bodies (cysts) produced. 

1. Fruiting bodies (cysts) not of definite shape; cells heap up to produce 

mesenteric masses or finger-like (columnar) bodies 

Family II. Archangiaceae^ p. 1017. 

2. Fruiting bodies (cysts) of definite shape. 

a. Cysts usually angular. Vegetative cells usually thick and short, 
with blunt, rounded ends. 

Family III. SorangiaceaCf p. 1021. 

aa. Cysts usually rounded. Vegetative cells long and thin, sometimes 
spindle-shaped with pointed ends. 

Family IV. Polyangiaceae^ p. 1025. 

B. Resting cells (spores, microcysts) spherical or ellipsoidal. Fruiting bodies 

produced except in genus Sporocytophaga, 

Family V. Myxococcaceaet p. 1040. 
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FAMILY I. CYTOPHAGACEAE STANIER. 

(Jour. Bact., 40^ 1940, 630.) 

Flexible, sometimes pointed rods, showing creeping motility. No fruiting bodies 
or spores (microcysts) formed. There is a single genus Cytophaga. 

Genus /. Cytophaga Winogradsky. 

(Ann. Inst. Pasteur, 4S, 1929, 578.) 

Diagnosis: As for family. From Greek kytos, hollow place or cell; and phageinf 
to eat, devour. 

The type species is Cytophaga hutchinsonii Winogradsky. 


Key to the species of genus Cytophaga. 


I. From soil. 

A. Do not utilize starch. 

1. Produce yellow pigment on cellulose. 

1. Cytophaga hutchinsonii. 

2. Cytophaga lutea. 

2. Produces orange pigment on cellulose. 

3. Cytophaga aurantiaca. 

3. Produces pink pigment on cellulose. 

4. Cytophaga rubra. 

4. Produces olive-green pigment on cellulose. 

5. Cytophaga tenuissima. 

B. Utilize starch. 

1. Produces yellow to orange pigment on starch. 

6. Cytophaga deprimata. 

2. Produces cream to pale yellow pigment on starch. 

7. Cytophaga alhogilva. 

11. From sea water. 

A. Dark pigment on cellulose. 

8. Cytophaga krzemieniewskae. 


B. No pigment on cellulose. 


C. Liquefies agar. 


9. Cytophaga diffluens. 


10. Cytophaga sensitiva. 


1. Cytophaga hutchinsonii Wino¬ 
gradsky. (Winogradsky, Ann. Inst. 
Pasteur, 4S, 1929 , 578; Cytophaga strain 
8, Jensen, Proc. Linn. Soc. N. S. Wales, 
65f 1940, 547; not Cytophaga hutchinsoni 
Imsenecki and Solntzeva, Bull. Acad. 
Sci. U.S.S.ll., Ser. Biol., No. 6, 1936, 
1129.) 

Etymology: Named for H. B. Hutchin¬ 
son. 

Rods: Highly flexible, occurring singly, 
0.3 to 0.4 microns wide at the center and 
tapering to both ends. Length 3.0 to 


6.0 microns, according to Krzemieniewska 
(Arch. Mikrobiol., 4, 1933, 396); 1.8 to 
4.0 microns, according to Jensen {loc. cit.). 
May be straight, bent, U-shaped or S- 
shaped. Stain poorly with ordinary 
aniline dyes. With Giemsa^s or Wino¬ 
gradsky’s stain 3 ^oung cells are colored 
uniformly e.xcept for the tips, which 
remain almost colorless; in older cells 
there is a concentration of chromatin 
material at the center. Old cultures 
show large coccoid cells which are not 
readily seen. Gram-negative. 



FAMILY CYTOPHAGACEAE 


1013 


Growth on cellulose, cellobiose, cel¬ 
lulose dextrins and glucose. On mineral 
salts-silica gel plates covered with 
filter paper, bright yellow glistening 
mucilaginous patches are produced after 
a few days. The filter paper in these 
regions is gradually completely dissolved 
and the patches become translucent. 

Ammonia, nitrate, asparagin, aspartic 
acid and peptone can serve as sources of 
nitrogen, according to Jensen {loe, cit,). 

Strictly aerobic. 

Optimum temperature 28® to 30®C. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant res¬ 
idues. 

2. Cytophaga lutea Winogradsky. 
(Ann. Inst. Pasteur, Jfi, 1939, 699.) 

Etymology: Latin luteus, yellow. 

Dimensions of the cells approximately 
those of Cytophaga aurantiaca (see below) 
but rather larger and thinner and without 
marked central swelling. Gram¬ 
negative. 

Produces a brilliant yellow pigment 
similar to that of Cytophaga hutchinsonii. 

This species differs only in size from 
Cytophaga hutchinaonif and is probably a 
variety of it. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant re¬ 
sidues. 

3. Cytophaga aurantiaca Wino¬ 
gradsky. (Ann. Inst. Pasteur, 46, 1929, 
697; probably Mycococcus cytophagus 
Bokor, Arch. Microbiol., f, 1930,34.) 

Etymology: Modern Latin aurantiacm, 
orange-colored. 

Cells 1.0 micron wide at the center by 
6 to 8 microns long. Except for size, very 
similar to those of Cytophaga hutchinsonii. 
Gram-negative. 

Produces orange mucilaginous patches 
on filter paper-silica gel plates. Fibroly- 
sis is very rapid and intense. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant res¬ 
idues. 


4. Cytophaga rubra Winogradsky. 
(Ann. Inst. Pasteur, 43, 1929, 698.) 

Etymology: Latin ruber, red. 

Pointed rods, straight or sometimes 
slightly bent, occasionally hooked at one 
end. Length approximately 3 microns. 
Gram-negative. 

Produces diffuse, rapidly-spreading, 
pink to brick-red patches on filter paper- 
silica gel plates. Fibrolysis is much 
slower and less extensive than that caused 
by Cytophaga hutchinsonii. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant resi¬ 
dues. 

6. Cytophaga tenuissima Winogradsky. 
(Ann. Inst. Pasteur, 4S, 1929, 699; incor¬ 
rectly spelled Cytophaga ternissima in 
Bergey et al., Manual, 4th ed., 1934,569.) 

Etymology: Latin tenuissimus, most 
tenuous, very slender. 

Dimensions of cells not given, but 
described as being extremely slender. 
Gram-negative. 

Produces mucilaginous, greenish to 
olive patches on filter paper-silica gel 
plates. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant resi¬ 
dues. 

6. Cytophaga deprimata Fuller and 
Norman. (Jour. Bact., 4^, 1943, 566.) 

Etymology: Latin deprimo, to depress 
or sink down. 

Rods: Long and fiexuous with pointed 
ends, 0.3 to 0.6 by 6.6 to 10 microns, 
arranged singly. Creeping motility on 
solid surfaces. Gram-negative. 

Growth on starch agar is at first smoky 
to faint yellow becoming bright yellow 
later. Colonies are irregular and concave 
in elevation. The edge spreads indis- 
tinguishably into the surrounding 
medium and shallow depressions develop 
around the colony. Small colonies give 
the plate a characteristic pitted ap¬ 
pearance. 

Growth on cellulose dextrin agar is. 
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milky white. Colonies are depressed in 
medium. 

Gelatin is liquefied in 4 days. 

Glucose, lactose, maltose, sucrose, 
pectin, starch, cellulose dextrin and 
hemicellulose are utilized. Very scant 
growth on cellulose may be found on first 
isolation. 

Yeast extract, ammonium nitrate and 
peptone are suitable nitrogen sources. 
Indole not formed. 

Nitrites not produced from nitrates. 
No visible change in litmus milk. 
Highly aerobic. 

Optimum temperature 26® to 30®C. 
Source: Isolated from soil. 

Habitat: Soil, Decomposes organic 
matter. 

7. Cytophaga albogllva Fuller and 
Nonnan. (Jour. Bact., 4S, 1943, 566.) 

Etymology: Latin albus, white, and 
gUvuSf pale yellow. 

Long flexuous rods with pointed ends, 
0.3 to 0.5 by 4.5 to 7.5 microns, arranged 
singly. Creeping motility on solid sur¬ 
faces. Gram-negative. 

Growth on starch agar is cream to pale 
yellow. Colonies are small, concave, and 
irregulary round. Edge is entire and 
irregular. 

Growth on cellulose dextrin agar is 
restricted. Colonies are pin-point, 
milky white in color, round and concave. 
Gelatin is liquefied in 7 days. 

Glucose, galactose, lactose, maltose, 
sucrose, gum arabic, pectin, starch, 
cellulose dextrin and hemicellulose are 
utilized. Very scant growth on cellulose 
may be found on first isolation. 

Ammonia, nitrate and peptone are 
suitable nitrogen sources. 

Indole not formed. 

Nitrites not produced from nitrates. 

No visible clmnge in litmus milk. 

Highly aerobic. 

Optimum temperature 22® to 30®C. 
Source: Isolated from soil. 

Habitat: Soil. Decomposes organic 
matter. 


8. Cytophaga krzemienlewskae 

Stanier. (Incorrectly spelled Cytophaga 
krzetnteniewskii in Stanier, Jour. Bact., 
40, 1940, 623; Jour. Bact., JS, 1941, 532.) 

Et 3 rmology: Named for H. Krzemien- 
iewska. 

Long, flexible rods, usually of even 
width with blunt ends, occasionally 
somewhat pointed and spindle-shaped, 
0.5 to 1.5 by 5 to 20 microns. Star¬ 
shaped aggregates occur in liquid media. 
Creeping motility on solid surfaces, 
non-motile in liquids. 

Growth on a sea water-peptone agar 
plate begins as a smooth, thin, pale pink, 
rapidly spreading swarm. After a few 
days, the older portions of the swarm 
assume a warty appearance due to the 
accumulation of cells in drop-like masses, 
resembling immature fruiting bodies but 
always containing normal vegetative cells. 
A .diffusible brown to black pigment 
which masks the pink color of the swarm 
is produced after about a week. Agar is 
rapidly decomposed, and ultimately 
liquefaction becomes almost complete. 
Sea water-gelatin stab: Liquefaction. 
Growth in liquid media is turbid and 
silky with a pink sediment; the medium 
turns dark brown or black after 1 or 2 
weeks. 

Xylose, glucose, galactose, lactose, 
maltose, cellobiose, cellulose, alginic 
acid, agar and starch are utilized, but not 
arabinose, sucrose and chitin. 

Yeast extract and peptone are the only 
suitable nitrogen sources known. 

Weakly catalase positive. 

Indole not formed. 

Nitrites produced from nitrates. 
Hydrogen sulfide not produced. 

Salt concentration range: 1.5 to 5.0 
per cent. 

Strictly aerobic. 

Optimum temperature 22® to 25®C. 
Source: Isolated from sea water. 

Habitat: Sea water. Probably on 
decaying marine vegetation. 
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9. Cytophaga diffluens Stanier. (Jour. 
Bact., 40 , 1940, 623; Jour. Bact., 
1941, 546.) 

Etymology: Latin dijfluena, spreading, 
flowing away. 

Pointed, sometimes spindle-shaped, 
flexible rods, 0.6 to 1.5 by 4 to 10 microns. 
In old cultures involution forms consist¬ 
ing of long, twisted, thin threads are 
found. Star-shaped aggregates of cells 
occur in liquid media. Creeping motility 
on solid surfaces, non-motile in liquids. 

Growth on a sea water-peptone agar 
plate begins as a thin, pink, rapidly 
spreading swarm which often covers the 
entire surface in a few days. The swanu 
gradually increases in thickness and 
develops an irregular, beaten-copper 
surface due to the liquefaction of the 
underlying agar. After 4 to 5 days the 
color becomes orange. Liquefaction of 
the agar is ultimately almost complete. 

Sea water-gelatin stab: Rapid lique¬ 
faction. 

Growth in liquid media is turbid, often 
with suspended floccules and a heavy 
pellicle. 

Xylose, glucose, galactose, lactose, 
maltose, cellobiose, cellulose, agar and 
alginicacid are utilized, but notarabinose, 
sucrose, chitin or starch. 

Yeast extract and peptone are the only 
suitable nitrogen sources known. 

Weakly catalase positive. 

Indole not formed. 

Nitrites produced from nitrates. 

Hydrogen sulfide not produced. 

Salt concentration range: 1.5 to 5.0 
per cent. 

Slightly aerobic. 

Optimum temperature 22° to 25°C. 

Source: Isolated from sea water. 

Habitat: Sea water. Probably on 
decaying marine vegetation. 

10. Cytophaga sensitiva Humm. 
(Duke Univ. Marine Lab., North Caro¬ 
lina, Bull. 3, 1946, 64.) Etyomology: 
Latin senstis, to perceive. 

Cells long, slender, flexous rods. 


Apparently not flagellated, 0.8 to 1.0 
by 7.0 to 20 microns. Cell ends not 
tapered or only slightly so. Gram- 
negative. Cells exhibit creeping motil¬ 
ity on agar with ability to reverse 
direction of movement without turning. 
Bending^ movements occur in liquid 
media. 

Colonies light orange, thin and shin¬ 
ing. Irregular margin. Outer part 
composed of a single layer of cells, 
spreading rapidly, the center somewhat 
thicker and more or less opaque, sunken 
in the agar. Agar liquefied. Single 
colony may nearly cover the surface 
of the agar in the Petri dish within one 
w’eek; center of colony sinks to the bot¬ 
tom of the dish and may develop vertical 
sides. Usually the colony begins to die 
after a week or ten days from‘the center 
outward, as shown by loss of pigment. 
Apparently no water-soluble pigment is 
produced. Colony 18 mm in diameter 
and gelase held 25 mm in diameter after 
three days on agar containing 0.8 per 
cent potassium nitrate and 0.8 per cent 
peptone (iodine stain). 

Gelatin; No growth. 

Milk: No growht. 

Nitrate apparently not produced from 
nitrate (agar medium). 

Optimum nitrate concentration of 
medium appeared to be 0.5 per cent. 
Fair growth on sea water plus agar only, 
and on agar containing 1.0 per cent 
potassium nitrate. Slight growth on 
2.0 per cent nitrate agar. 

Optimum peptone concentration ap¬ 
peared to be about 0.1 per cent; growth 
inhibited by concentrations of peptone 
exceeding 0.4 per cent. 

No growth on agar media containing 
any one of the following substances in a 
concentration of 0.2 per cent glucose, 
starch, ammonium sulfate. The basal 
medium, however, supported excellent 
growth. 

Repeated efforts were made to obtain a 
pure culture by streaking plates and by 
pouring plates. These were finally sue- 
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cessful by the use of an agar medium that 
contained 0.1 per cent peptone, 0.05 
per cent beef extract, 0.05 per cent glu¬ 
cose, and traces of yeast extract and 
ferric phosphate. Good growth on broth 
of this composition was also obtained. 
Apparently the yeast extract supplied 
necessary growth substances. 

Source: Isolated September 19, 1945 
from a mixed culture with Pseudomonas 
coralUna, by streaking a piece of Dictyota 
dichoioma on agar containing 0.2 per 
cent potassium nitrate. 

Habitat; From seaweed. Beaufort, 
North Carolina. 


Appendix: Stapp and Bortels (Cent. f. 
Bakt., II Abt., 90, 1934, 28) described 
four new obligate cellulose-decomposing 
species: Cytophaga silvestris, Cytophaga 
anularis, Cytophaga flavicula and Cyio- 
phaga crocea. The differences between 
them are small and, while it is impossible 
to make positive identifications on the 
basis of present knowledge, they seem 
to be very similar to Cytophaga huichin^ 
sonii. In the absence of comparative 
pure culture studies on the obligate 
cellulose-decomposing members of the 
genus, the proper delimination of species 
is not possible. Their inclusion in keys 
must aw^ait additional information. 
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FAMILY II. ARCHANOIACEAE JAHN. 

(Beitrftge zur botan. Protistologie) I. Die Polyangideii. Geb. Borntra^er, Leipzig, 
1924.) 

In the organisms belonging to this family the swarm (pseudoplasmodium) produces 
irregular swollen or twisted fruiting bodies, or develops columnar or finger>like 
growths, usually without a definitely differentiated membrane. 

Key io‘ihe genera of family Archangiaceae. 

I. Fruiting body depressed, usually irregularly delimited, the interior usually con¬ 
sisting of swollen or intestine-like twisted or inter-twined masses, whose wind¬ 
ings may be constricted or may jut out (project) as free ends. 

Genus I. Archangium, p. 1017. 

II. Fruiting body consists of single (separate) columnar or finger-ltke structures 
arising from the substrate. 

Genus II. Stelangium, p. 1020. 

Oenue 7. Archangltim Jahn, 

(Jahn, Beitrage zur botan. Protistologie, I. Die Polyangiden. Geb. Borntraeger, 
Leipzig, 1024,67; Ophiocyatia Enderlein, Bermerkungen zur Systematik der Chondro- 
myciden, Berlin, 1024, 6 pp.) 

Etymology: Greek arche^ primitive, and angion, vessel (^cording to Jahn, this 
genus is the most primitive). 

The mass of shortened rods embedded in slime forms a pad-shaped or more rounded, 
superficially swollen or tuberous fruiting body, even with horny divisions. The 
fruiting body has no membrane. In the interior can be seen a mass resembling coiled 
intestines. The windings of this coil may be uniform, or irregularly jointed, free or 
stuck together; the ends may be extended and horny. Instead of a membrane there 
may be loosely enveloping slime. 

The type species is Archangium gephyra J&hn, 

Key to the species of genus Archangium. 

1. No slimy capsules. 

A. Fruiting body usually wound, irregularly constricted, sometimes swollen 

and vesicular, appressed. 

1. Fruiting body red. 

a. The shortened rods 2.5 to 3 microns. 

1. Archangium gephyra, 
aa. The shortened rods 4 to 6 microns. 

2. Archangium primigenium, 

2. Fruiting body yellow. 

3. Archangium flavum. 

B. Tube usually uniformly thick, loosely wound, often branched. 

4. Archangium serpens. 

II. Fruiting body consisting of a reddish coiled tube, embedded in yellow slime. 

5. Archangium thazteri, 

1. Archangium gephyra Jahn. (Chon- botanischen Protistologie. I. Die Poly- 
dromyces serpent Quehl, Cent. £. Bakt., angiden, Geb. Bomtraeger, Leipzig, 
II Abt., le, 1906, 16; Jahn, Beitrage zur 1924,67.) 
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Etymology: Greek gephyra, a bridge. 
So named because a transition form 
between the Archangiaeeae and the 
Myxococcaceae. 

Swarm stage (pseudoplasmodium): 
Grows easily in manure decoction, 
forming a pseudoplasmodium and ring of 
fruiting ladies. The vegetative rods 
are about 10 microns long, 0.5 micron in 
diameter. 

Fruiting bodies: Up to 1 mm in di¬ 
ameter, of irregular form and with 
swollen or padded surface. Average 
sized fruiting bodies are a reddish flesh 
color by reflected light; smaller fruiting 
bodies, a light rose. On a dark back¬ 
ground large fruiting bodies when fresh 
appear bluish violet. By transmitted 
light the fruiting bodies appear yellowish 
to light red. Upon addition of alcohol or 
when heated in glycerine, they lose the 
color quickly and appear gray or 
colorless. 

The inner structures are for the most 
part a mesenteric mass of tubes 40 to 60 
microns wide, without any membrane, 
and without any enclosing slime. The 
convolutions are often pressed together. 
On the inside of these tubes there appears 
definitely a septation by straight or 
slightly arched cross walls which, how¬ 
ever, do not always cut entirely through 
the spore masses from one side of the tube 
to the other. Upon pressure, the fruiting 
body breaks up into a number of small 
fragments *about 15 to 30 microns in 
diameter. Within these fragments the 
shortened rods lie parallel and in bundles. 

The rods in the fruiting bodies are so 
shortened that they resemble the spores 
of the Myxococcaceae. The spores are 
2.5 to 2.8 microns long and about 1.4 
microns wide. Often they are somewhat 
bent so that they appear to be bean¬ 
shaped. In the smooth, transparent tips 
of fruiting bodies they stand closely 
parallel to each other, so that in trans¬ 
mitted light one sees only their cross 
section and is at first led to believe that' 


he is dealing with one of the Myxo- 
coccaceae. 

Source and habitat: Found frequently 
in the region of Berlin on the dung of 
deer, rabbits, and hare, once also on old 
decaying lichens. Easily overlooked on 
account of its usual bluish color. Accord¬ 
ing to Krzemieniewski (1927) the most 
common of myxobacteria in the soils of 
Poland. Isolated on rabbit dung. 

Illustrations: Quehl (loc, cit.) PI. 1, 
Fig. 7. Jahn (1924, loc, cit.) PI. 1, Fig. 5. 
Krzemieniewski, Acta Soc. Bot. Polo- 
niae, 4, 1926, PI. Ill, Figs. 25-26. 

2. Archangium primigenium (Quehl) 
Jahn. (Polyangtum primigenium Quehl, 
Cent. f. Bakt., II Abt., 16, 1906, 16; 
Jahn, Beitr^e zur botanischen Pro- 
tistologie. I. Die Polyangiden, Geb. 
Borntracger, Leipzig, 1924.) 

Etymology: Latin, primigeniue, primi¬ 
tive, referring to the simple and primitive 
character of the fruiting body. 

Swarm stage (pseudoplasmodium): In 
manure decoction cysts germinate readily. 
Vegetative rods 4 to 8 microns in length. 

Fruiting bodies: Up to 1 mm in di¬ 
ameter, sometimes larger, with irregu¬ 
larly padded swollen surface; when 
fresh a lively red color which is quite 
prominent especially against a dark back¬ 
ground; when dried, dark red. In 
transmitted light flesh red to yellowish 
red. In alcohol and upon heating it is 
quickly bleached. 

In transmitted light one sees that the 
fruiting body is made up of numerous 
intestine-like convolutions closely ap- 
pressed, not however, always definitely 
delimited. These tubes usually have a 
diameter of from 70 to 90 microns, often 
constricted and attenuated. No mem¬ 
brane is present. The rods in the fruit¬ 
ing bodies are about 4 microns long and 
0.8 micron wide. Upon pressure on the 
fruiting bodies, the rods remain together 
in small fragments of various sizes. 

2a. Archangium primigenium var. 
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OBiurgena Jahn. (Jahn, Beiti^e zur 
botanischen Protistologie. I. Die Poly- 
angiden, Geb. Bomtraeger, Leipzig, 
6f 1924, 69; Archangium aaaurgena 
Krzemieniewaki, ActaSoc. Bot. Poloniae, 
1927, 96.) 

Etymology: Latin aaaurgem, rising up. 

Size and color of the fruiting body as in 
the species, likewise the inner structure, 
size and arrangement of the rods. How¬ 
ever, the tubules which together consti¬ 
tute the fruiting bodies are more or less 
free at their ends and stand up from the 
substrate. Their diameter is somewhat 
less (about 46 microns), they are often 
convoluted so that they many times 
appear to be constricted (like pearls). 

Pronounced races of the species and of 
the variety are so different in habits that 
they may be regarded as distinct species. 
Jahn believes the presence of inter¬ 
mediate strains makes a separation 
difficult. 

Source and habitat: According to 
Jahn, Archangium primigenium is not 
particularly common. It is usually 
found on rabbit dung, sometimes on roe 
dung. The variety aasurgena is rela¬ 
tively rare (found three times on rabbit 
dung) Kofler (1930) on rabbit dung, 
Vienna. Very rare in Polish soils ac¬ 
cording to Krzemieniewski (1927). 

Illustrations: Qu^hl, Cent, f. Bakt., 
II Abt., 16, 1906, 16, PI. 1, Fig. 5; Jahn, 
Kryptogamenflora d. Mark Brandenburg, 
V, Pilze I, Lief. 2,1911,201, PI. 1, Fig. 6; 
Jahn '(1924, loc, cit.) PI. 1, Fig, 4, also 
Fig. G, page 37; Krzemieniewski (1926, 
loc. cit.) PI. II, Fig. 23; (1927, loc. cit.) 
PI. IV, Fig. 3. var. aaaurgena, PI. IV, 
Fig. 1 and 2. 

3. Archangium ffavum (Kofler) Jahn. 
{Polyangium fiavum Kofler, Sitzber. d. 
Kais. Akad. Wiss. Wien. Math.-Nat. 
Klasse, 122 Abt., 1913,864; Jahn, Beitr&ge 
zur botanischen Protistologie. 1. Die 
Polyangiden, Geb. Bomtraeger, Leipzig, 
1924, 71.) 


Etymology: Latin flawia^ golden or 
reddish-yellow. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: About 0.6 mm in 
diameter, yellow, spherical or oval, with 
humped pr padded surface. The mass of 
cells quite homogeneous, upon pressure 
under cover glass single sections tend to 
adhere. No membrane, though the rods 
are so tightly linked that when cautiously 
placed under a cover glass, the form of the 
fruiting body is retained. Rods 2 to 4 
microns. 

Source and habitat: Kofler (1924) on 
hare dung found in Danube meadows. 
Reported as frequent in Polish soils by 
Krzemieniewski (1926, 1927). 

Illustrations: Krzemieniewski, Acta 
Soc. Bot. Poloniae, i, 1926, PI. II, Fig. 
24. (1927), PI. IV, Fig. 4, 6 and 6. 

4. Archangium serpens (Thaxter) 
Jahn. {Chondromycea aerpena Thaxter, 
Bot. Gaz., 17, 1892, 403; Jahn, Beitrfige 
zur botanischen Protistologie. I. Die 
Polyangiden, Geb. Bomtraeger, Leipzig, 
1924, 72.) 

Etymology: Latin aerpena, creeping. 

Swarm stage (pseudoplasmodium): 
Rods cylindrical, 0.6 by 5 to 7 microns. 
Cultures on agar develop convoluted 
form. 

Fruiting body: About 1 mm in di¬ 
ameter, recumbentj, consisting of numer¬ 
ous loosely intertwined cysts, confluent 
in an anastomosing coil, flesh-colored, 
when dry dark red, 60 microns in di¬ 
ameter, bent, occasionally somewhat 
broadened or constricted, branched. 

Source and habitat: Thaxter, Bot. Gaz., 
17, 1892, 389. On decaying lichens. 
Cambridge, Mass. 

Illustrations: Thaxter {loc. cit.), PI. 
24, Fig. 24. 

6. Archangium thaxteri Jahn. (Bei- 
trftge zur botanischen Protistologie. I. 
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Die Polyangiden, Geb. Borntraeger^ 
Leipzig, 1924,71.) 

Etymology: Named for Dr. Roland 
Thaxter. 

Swarm stage (pseudoplasmodium): 
Vegetative stages not observed. Either 
no germination or prompt cessation of 
growth on dung extract. May be trans¬ 
ferred on dung. 

Fruiting body: Usually 0.25 to 0.5 
mm, occasionally 0.75 mm in diameter. 
Irregularly rounded, superficially sulfur 
yellow. Upon pressure numerous red¬ 
dish convoluted tubules are observed 
embedded in a yellow slime. The 
average diameter of the tubules is about 
50 microns. No membrane surrounds the 
tubes. They contain the shortened rods. 


The fruiting body is bleached by alcohol 
or heat, becoming yellowish. Envelop¬ 
ing slime is variable. In well developed 
specimens the slime forms a stalk, giving 
the whole the appearance of a morel. 
In small specimens the rods are embedded 
in the slime. The fruiting bodies stand 
loosely separated on surface of dung, 
never in large groups. Shortened rods 
(spores) 0.5 micron by 3 microns, very 
slender. 

Source and habitat: According to Jahn 
rare, on rabbit dung. Races with well 
developed stalks even less common. 

Illustrations: Jahn {loc, cfL), PI. 1, 
Fig. 1 and 2. Krzemieniewski, Acta Soc. 
Dot. Poloniae, 4, 1926, PI. II, Fig. 27. 


Genus II. Stelangium Jahn, 

(Kryptogamenflora der Mark Brandenburg, V, Pilze I, Lief. 2, 1911,205.) 
Etymology: Greek stele j pillar or column and angioUt vessel. 

Diagnosis: Fruiting bodies are columnar or finger-like, sometimes forked, without 
definite stalk, standing upright on the substrate. 

The type species is Stelangium muscorum (Thaxter) Jahn. 


1. Stelangium muscorum (Thaxter) 
Jahn. {Chondromijces muscorum Thax¬ 
ter, Bot. Gaz., 57, 1904, 411; Jahn, 
Kryptogamenflora der Mark Branden¬ 
burg, V, Pilze I, Lief. 2,1911, 205.) 

Etymology: Latin musciis, moss. 

Swarm stage (pseudoplasmodium) :Not 
described. 

Fruiting body: Bright yellow-orange. 


90 to 300 microns long, 10 to 50 microns 
wide, without differentiated stalk, simple 
or rarely furcate, upright, elongate, 
compact or slender, narrowed at tip. 
Rods (spores) 1 to 1.3 by 4 to 6 microns. 

Source and habitat: According to 
Thaxter (loc. cit.) on liverw'ortson living 
beech trunks in Indiana. 

Illustrations: Thaxter (loc. cit.) PI. 
27, Figs. 16-18. 
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FAMILY III. SORANGIACEAE JAHN. 

(Bcitrage zur botan. Protistologic. I. Die Polyangiden. Geb. Borntraeger, Leipzig, 
1924, 73.) 

Diagnosis: The shortened rods of the fruiting body lie in angular, usually relatively 
small cysts of definite polygonal shape. Often many of these cysts are surrounded 
by a common membrane. The primary cyst may be differentiated from the angular 
or secondary cysts. No stalked forms are known. • 

Genua /. Sorangium Jahn. 

(Jahn, Beitrage z. botan. Protistologie. I. Die Polyangiden. Geb. Borntraeger, 
Leipzig, 1924, 73; Cyatoecemia Enderlein, Bemerkiingen z. Systematik d. Chondro- 
myciden, Berlin, 1924 , 73.) 

Etymology: Greek soros, heap and angiony vessel. 

Diagnosis: As for the family. The cysts are united into rounded fruiting bodies. 
Eight species have been allocated to thi.s genus. 

The type species is Sorangium achroeteri .Jahn. 

Key to the apectes of Genua Sorangitim. 

I. Fruiting bodies not bhiok when ripe. 

A. Primary cysts absent; fruiting body shows only angular, spherical or oval 

small cysts. 

1. Cysts angular. 

a. Fruiting body vary small toOtoHO microns), often irregularly cerebri- 
form; the angular ey.sts often completely separated from each other, 
and about 13 microns in diameter. 

1. Sorangium achroeteri. 

aa. Fruiting body comp(jscd of many small cysts. 

b. Cysts orange-red in color; over 5 0 micions in diameter. 

2. Sorangium sorediatum. 

bb. Rusty brown color; cysts less than 3.5 microns in diameter. 

3. Sorangium cellulosum. 

2. Cysts spherical or oval. 

4. Sorangium spumoaum, 

B. Both primary and secondary cysts present. 

1. Primary cysts small and numerous, about 20 microns, with definite mem¬ 

brane and few angular secondary cysts. 

5. Sorangium septatum. 

2. Primary cysts large, with delicate, often indefinite, membrane. 

6. Sorangium compositum. 

II. Fruiting Iwdies black or brownish-black when ripe. 

A. Primary cysts generally not formed. 

7. Sorangium nigrum. 

B. Primary cysts generally formed. 

8. Sorangium nigrescens. 


1. Sorangium schroeteri Jahn. (Jahn, I. Die Polyangiden. Geb. Borntraeger, 
Beitiiige zur botanischen Protistologie. Leipzig, 1924, 73, regarded as a synonym 
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of Sorangium compositum by Krzemien- 
iewski, Acta Soc. Bot. Poloniae, S, 
1927, 96,) 

Etymology: Named for Julius Schroeter 
(1837-1894). 

Swarm stage (pseudoplasmodium) :Not 
described. 

Fruiting bodies: Very small, circular, 
swollen, often kidney-shaped with brain¬ 
like convolutions, usually 60 microns 
(occasionally 120 microns) in diameter, 
bright orange-red. Surrounded by a 
delicate slime membrane about 0.7 micron 
thick, apparent only with high magnifica¬ 
tions. Divided secondarily into angular 
cysts, by sutures extending inward which 
divide the mass regularly into well 
delimited portions, many angled, usually 
about 12 microns in diameter, and in other 
places into areas less well delimited and 
about 14 microns in diameter. Re¬ 
sembles gelatin which has dried in a 
sheet and cracked into regular areas. 
Rods in cysts 6 microns long. Cysts 
sometimes occur together in large num¬ 
bers, covering an area to 0.5 mm. 

Source and habitat: Found by Jahn 
{loc. cit,) five times on rabbit dung in 
environs of Berlin. 

Illustrations: Jahn (1924, foe. cif.), 
PI. 2, Fig. 22. 

2. Sorangium sorediatum (Thaxter) 
Jahn. (Polyangium sorediatum Thaxter, 
Bot. Gaz., 57, 1904, 414; Jahn, Beitr^e 
zur botanischen Protistologie. 1. Die 
Polyangiden, Geb. Borntraeger, Leipzig, 
1924, 73.) 

Etymology: From Greek, soros, heap, 
probably through the botanical term 
soredium, one type of reproductive body 
in the lichen, and sorediate, with surface 
patches like soredia. 

Swarm stage (pseudoplasmodium): 
Rods 0.8 by 3 to 5 microns. Attempts to 
cultivate have failed. 

Fruiting body: Orange-red, irregularly 
lobed, consisting of a compact mass of 
small angular cysts. Average size of 
cysts 6 to 7 microns, smallest 3 microns. 


with thick and sharply defined edges. 
Rods 0.8 by 3 to 5 microns. The Krze- 
mieniewskis (1927, loc. cit., 96) have 
described a variety, Sorangium sorc- 
diatum var. macrocystum, consisting of 
cysts 6 to 14 by 7 to 16 microns, about 
twice as large as in the type. 

Source and habitat: Reported once by 
Thaxter {loc. cit.) on rabbit dung from 
South Carolina. Krzemieniewski (1927, 
loc. cit.) common in Polish soils. 

Illustrations: Thaxter {loc. cit.) PI. 
27, Figs. 22-24. Quehl, Cent. f. Bakt., 
II Abt., 16, 1906, 9, PI. 1, Fig. 2. Jahn, 
Kryptogamen-flora d. Mark Branden¬ 
burg, V, Pilze I, Lief. 2, 1911, 202, Fig. 1. 
Krzemieniewski, Acta Soc. Bot. Pol., 4t 
1926, PI. IV, Figs. 39-41. (1927, loc. 
cit.) PI, V, Fig. 17, var. macrocystum 
Fig. 18. 

3. Sorangium cellulosum Im§enecki 
and Solntzeva. (Microbiology, Moscow, 
6, 1937, 7.) 

Etymology: Modern Latin cellulosum, 
cellulose. 

Fruiting body: Mature fruiting body 
rusty brown, 400 to 500 microns in 
diameter, sessile on layer of partially 
dried slime. No outer wall or limiting 
membrane. Composed of numerous 
cysts, irregular in shape, 1.6 to 3.2 
microns in diameter, each containing 
less than ten shortened rods. No dis- 
cernable cyst w'all or membrane. 

Spores: 0.3 by 1.5 to 2.0 microns (no 
other data). 

Vegetative cells: Flexible, rod-shaped 
cells with rounded ends, occurring singly; 
no flagella but motile by means of a 
crawling motion; 0.4 to 0.6 by 2.2 to 4.5 
microns. 

Vegetative colony: No data. 

Physiology: Good growth on starch, 
cellulose. Decompose up to 24 per cent 
cellulose in ten days, but does not form 
fruiting bodies. Very poor growth on 
arabinose with formation of many involu¬ 
tion forms including very much elongated 
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cells. Fail to grow on nutrient agar, 
washed agar, potato, carrot, milk. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes organic 
matter. 

4. Sorangium spumosum Krzemie- 
niewski and Krzemienewska. (Acta Soc. 
Bot. Poloniae, 5, 1927, 97.) 

Etymology: Latin spumosua^ frothy or 
foamy. 

Swarm stage (pseudoplasmodium): 
Rods 0.7 to 0.9 by 2.6 to 5.2 microns. 

Fruiting bodies: Consist of numerous 
cysts, spherical or oval, not surrounded 
by a common membrane, but united into 
bodies embedded in slime. Often in 
double or single rows. Cyst walls color¬ 
less, or slightly brownish, transparent, so 
that the characteristic arrangement of 
the rods may be seen within. Cysts 8 to 
26 by 7 to 20 microns. 

Source and habitat: Krzemieniewski 
(1927, loc. ciL) from Polish soil, isolated 
on rabbit dung. 

Illustrations: Krzemieniewski (1927, 
loc, cit,) PI. V, Fig. 19. 

5. Sorangium septatum (Thaxter) Jahn. 
(Polyangium septatum Thaxter, Bot. 
Gaz., 57, 1904, 412; Jahn, Beitrage zur 
botanischen Protistologie. I. Die Poly- 
angiden, Geb, Borntraeger, Leipzig, 
1924, 75.) 

Etymology: Latin saeptaiua, fenced, 
i.c,, divided by walls. 

Swarm stage (pseudoplasmodium): 
Rods 0.8 to 1 by 3 to 5 microns. 

Fruiting bodies: Yellowish-orange. 
When dried, dark orange-red, 50 microns 
to more than 100 microns in diameter, 
cysts rounded or ovoid, angular or 
cylindrical, inner portion of the envelope 
divided into a variable number of 
secondary cysts. Cysts 18 to 22 by 12 
to 22 microns in diameter. Secondary 
cysts 10 to 12 microns. The Krzemie- 
niewskis (1927, loc, cii,^ 96) recognize a 
variety, Sorangium septatum var. micro- 


cystum, which has secondary cysts with 
dimensions 4 to 10 by 3 to 8 microns. 

Source and habitat: Collected twice 
(Thaxter, Bot. Gaz., 57, 1904, 412) on 
horse dung in Cambridge, Mass. Re¬ 
ported by Krzemieniewski (Acta Soc. 
Bot. Pgloniae, 5, 1927) as common in 
Polish soil. 

Illustrations: Thaxter {loc, cit.) PI. 27, 
Figs. 25-28. Jahn, Kryptogamen-flora d. 
Mark Brandenburg, V, Pilze I. Lief 2, 
1911, 202, Fig. 2. Krzemieniewski, Acta 
Soc. Bot. Pol., 4y 1926, PI. 27, Figs. 27-38; 
ibid.f 1927, PI. V, Fig. 15, var. micro- 
cystum, Fig. 16. 

6. Sorangium compos!turn (Thaxter) 
Jahn. (Polyangium compositum Thax¬ 
ter, Bot. Gaz., 57, 1904, 413; Jahn, 
Beitr^e zur botanische Protistologie. I. 
Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 74; Polyangium sorediatum 
Quehl, Cent. f. Bakt., II Abt., /5, 1906, 
17; not Polyangium sorediatum Thaxter, 
ibid.) 

Etymology: Latin compositus^ com¬ 
pound. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: Dull yellowish-orange 
changing to dark red on drying. Round¬ 
ed, small, 0.5 to 1 mm, usually as a whole 
or even in larger clumps surrounded by a 
delicate and evanescent membrane. In 
large fruiting bodies the cysts are bound 
together in balls 70 to 90 microns in 
diameter by a delicate membrane. The 
balls readily fall apart. Secondary cysts 
are angular, 7 by 11 microns, surrounded 
by a delicate orange-red membrane, 
about 0.4 micron in thickness. Length 
of rods in the cysts 5 microns. 

Source and habitat: Thaxter (loc, cit,) 
rabbit dung. South Carolina. Jahn (1904, 
loc. cit.) found it four times on rabbit 
dung near Berlin, and twice on hare dung 
in Oberharg. Common in soils of Poland 
according to Krzemieniewski (1927, loc, 
cit,). 
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Illustrations: Thaxter {loc. ciL) PI. 27, 
Figs. 20-30. Jahn (1924, loc. cit.) PI. I, 
Fig, 6, Krzemicnicwski, Arta Soc. Dot. 
Pol., 4, 1926, PI. Ill, Figs. 32-36; ibid., 
1927, 5, PI. IV, Figs. 7, 8, 9, 10, 11, 12; 
PI. V, Figs. 13,14; PI. VI, Fig. 36. 

7. Sorangium nigrum Krzemieniewski. 
(Bull. Int. TAcad. Pol. Sci. et Lettres, 
Classe Sci. Math, et Nat., S^r. B, 15, 
1937.) 

Etymology: Latin niger, black. 

Fruiting body: Primary cysts generally 
not formed; when observed, appeared as 
smoke-colored slime envelope surround¬ 
ing clumps of a few cysts. Secondary 
cysts usually arranged in rows within 
cellulose fibers, the material of the fiber 
forming a common sheath. P^ach indi¬ 
vidual cyst inclosed by a cyst wall, 
clearly differentiated from the tubular- 
shaped cellulose fibers. Cysts measure 
9 to 16 by 9 to 23 microns; average 10 by 
18 microns. Cyst wall moderately thick, 
colorless, transparent, becoming light 
browm with age, and finally black. 

Spores: No data. 

Vegetative cells; 1.1 to 1.3 by 2.5 to 
5.5 microns. 

Vegetative colony: Young colonies 
dead black in color. On filter paper a 
bright orange margin is noted, the vegeta¬ 
tive cells of which cover the cellulose 
fibers. On cotton cloth the margin is 
bright dirty-yellow, tinged with pink. 
Under low power magnification, center of 
the colony appears similar to matted 
fungal hyphae, due to characteristic 
compact accumulation of cysts and cel¬ 
lulose fibers. 

Physiology; Cellulose fibers become 
swollen by the action of this organism, 
and become gray-brown with a violet 
tinge. Fibere Jose the properties of 
cellulose and give no characteristic 
reactions. 

Source: Isolated from soil. 


Habitat; Soil. Decomposes cellulose 
fibers. 

Illustrations: Krzemieniewski (loc. 
cH.) Plate IV, Figs. 22-26. 

8. Sorangium nigrescens Krzemie¬ 
niewski. (Bull. Int. PAcad. Pol. Sci 
et Lettres, Classe Sci. Math, et Nat., 
S5r. B, 15, 1937.) 

Etymology: Latin nigrescens, becoming 
dark or black. 

Fruiting body: Primary cysts vary in 
size up to 200 microns in diameter, 
irregular in shape and inclosed in a 
colorless slime envelope. Formed by an 
accumulation of secondary cysts. Sec¬ 
ondary cysts at first colorless, transparent, 
later becoming brownish with a limiting 
membrane; the young cysts appear 
dirty-yellow, the older ones grayish- 
brown to black. Color originates not 
only from the brownish cyst wall but 
from the gray mass of encysted cells. 
Secondary cysts measure 5 to 12 by 6 to 
15 microns; average 6 by 10 microns. On 
filter paper not only well-formed primary 
cysts are formed, but also free secondary 
cysts are noted embedded in the slime 
of the colony. 

Spores; No data. 

Vegetative cells: 1.2 to 1.4 by 2.5 to 6.4 
microns. Younger cells somewhat 
shorter. 

Vegetative colony; Mass of dark fruit¬ 
ing bodies develops at center of colony on 
filter paper; margin grayish-yellow. Cel¬ 
lulose fibers covered with vegetative 
cells on outside, |ind contain many cells 
within. 

Physiology: Destroys cellulose. Culti¬ 
vated si.\ years with cellulose as carbon 
source. 

Source; Isolated from sandy soil in 
pine woods in Ciemianka (?). 

Habitat: Soil. Decomposes cellulose 
fibers. 

Illustrations: Krzemieniewski {loe. 
eii.) Plate III, Figs. 17-21. 
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FAMILY IV. POLYANGIACEAE JAHN 

(Beitr&gc zur botan. Protistologic. I. Die Polyangidcn Gcb. Borntraeger, Leipzig, 
1924.) ‘ 

Diagnosis. In the fruiting lx)dics tlie more or less shortened rods lie in rounded 
♦ cysts of definite form. The well-derineJ wall is coinp(^sed of hardened slime, and 
is yellow, red or brownish. T.he cysts may he united by a definitely visible slime 
membrane, the remnant of the vegetative slime, or they may be tightly appressed 
and cemented by the scarcely visible remnants of the slime, or they may develop 
singly or in numbers on astalk. In the more highly developed forms the stalk branc; lies 
and carries the cysts at the tips of the branches. 

Key to the genera of family Polyangiaceae. 

I. Cysts rounded, not stalked, usually many (one in Polyannium simplex) lying 
loosely in a slime membrane or closely appressed. 

Genus I. Pohjangiiim^ p. 1025. 

II. Cysts not as in I. 

A. Cysts pointed at the apex, often completely concresccnt, and united to large 

disks or spheres. 

Genus II. Synanginm^ p. 1082. 

B. Cysts free, single or many on a stalk. 

1. Cysts forming a disk, flattened dorsovcMitrally, like the cap of a Boletus^ 

on a white stalk. 

Ccniis III. Melittongiumy p. 10.83. 

2. Cysts not forming a disk. 

a. Cysts rounded or elongate, single on stalks. 

Genus IV. Podangiumy p. 1034. 

aa« Cysts rounded or elongate or pointed, numerous on the ends of stalks 
which may be branched. 

Genus V. Chondromyces, p. 1036. 
Genus 7. Polyanglum Link. 

(Link, Mag. d. Ges. Naturforsch. Freunde zu Berlin, 5, ISOO, 42; Cystobacier Schroe- 
ter, in Cohn, Kryptogamenflora v. Schlcsien, .9, 1, 1886, 170; Myxohneter Thaxter, 
Bot. Gaz., 17y 1802, 394.) 

Etymology: Greek poly, many and angioHy vessels; referritig to the numennis cysts. 
Diagnosis: Cysts rounded or coiled, surrounded by a well-developed membrane, 
either free or embedded in a second slimy laj’cr. 

The type species is Polyangtum vitellinutn Link. 

Key to the species of genus Polyanglum. 

I. Not parasitic on water plants (algae). 

A. Sorus not white or grayish in color. 

1. Cysts rounded to spherical. 

a. Ripe cysts yellow, reddish -yellow, orange or light red; not brown, 

b. Cysts several or numerous and small, 

c. Not closely appressed. 

d. Slime envelope transparent white or colorless. 

e. Usually 10 to 15 cysts. Rods in cysts, 3 microns long. 
Cysts 75 to 200 microns. 

1. Polyangium vitellinum. 
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ee. Cysts numerous. Rods 1.3 to 2.0 microns long. Cysts 
20 to 80 microns. 

2. Polyangiumminua. 
dd. Slime envelope bright yellow. 

3. Polyangium luteum, 

cc. Closely appressed; often polygonal due to pressure, 
d. Bright yellow. 

4. Polyangium morula. 

dd. Orange. 

5. Polyangium celluloaum. 

bb. Cysts single, large. 

c. Large, 260 to 400 microns; reddish-yellow. 

6. Polyangium simplex. 

cc. Smaller, 30 to 60 by 50 to 130 microns; orange to light red. 

7. Polyangium ochraceum. 
aa. Ripe cysts reddish-brown to dark brown. 

b. Cysts lying fr6e, covered by a more or less definite slime envelope, 
c. About 60 microns in diameter; slime envelope delicate and 
colorless. 


8. Polyangium fuscum. 

cc. About 36 microns in diameter; slime envelope yellow. 

9. Polyangium aureum. 

bb. Cysts rounded, in stellate arrangements on a slimy substrate. 

10. Polyangium atellatum. 

2. Cysts elongate, coiled, 
a. Cysts brownish-red. 

11. Polyangium ferrugineum. 

aa. Cysts bright orange-yellow. 

12. Polyangium indiviaum. 

B. Sorus white or gray in color. 

1. Hyaline slime envelope white, foamy in appearance; cysts average 28 by 

34 microns. 13. Polyangium apumoaum. 

2. Sorus flat, crust-like, smoke-gray in color due to slime envelooe; cysts 

average 36 by 44 microns. 

14. Polyangium fumoaum. 

II. Aquatic, parasitic on Cladophora. 

16. Polyangium paraaiticum. 


1. Polyangium vltelllnum Link. 
(Link, Mag. d Ges. Naturforschender 
Freunde zu Berlin, 5, 1809, 42; Myxo- 
hacter aureus Thaxter, Bot. Gaz., 17, 
1892, 403.) 

Etymology: Modem Latin vitellust 
like an egg yolk. 

Swarm stage (pseudoplasmodium): 
When rising to form cysts, milky white. 
Rods large, cylindrical, rounded at either 
end, 0.7 to 0.9 by 4 to 7 microns. 

Fruiting body: Cysts golden yellow, 
usually relatively spherical, 76 to 150 


microns, occasionally 200 microns in 
diameter, almost always surrounded 
by a white slimy envelope, about 10 to 
16 cysts in a mass. Rods in the cysts 
about 3 microns in length. 

Source and habitat: Thaxter (loc. cit,) 
on very wet wood and bark in swamps. 
Maine, Belmont. Jahn (1924, loc. cit.) 
states it is not common; on old wood, 
lying in moist ditches, also on old poplar 
bark which was kept moist in a dish, also 
found twice on rabbit dung. 

Illustrations: Thaxter (loc. cit.) PI. 
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25, Figs. 34-36. Zukal, Ber. d. deutsch. 
Bot. Ges., 15, 1897, 642, PI. 27, Figs. 
0-10. Jahn, Kryptogamenflora d. Mark 
Brandenburg, V, Pilze I, Lief. 2, 1911, 
199, Fig. 3. Jahn, Bcitrage zur botan- 
ischen Protistologie. I. Die Polyangiden. 
Geb. Borntraeger, Leipzig, 1924, 77, and 
PI. II, Fig. 13. 

2. Polyangium minus Krzemieniewski. 
(Acta Soc. Bot. Poloniae, 4, 1926, 33.) 

Etymology: Latin minor, less or small. 

Swarm stage (pseudo plasmodium): 
Vegetative rods 0.4 to 0.6 by 3 to 7 
microns. 

Fruiting bodies: Cyst masses com¬ 
monly cover the substrate to an area of 
0.6 sq. mm. Cysts are spherical or 
oval, small, 20 to 80 by 20 to 50 microns, 
light rose in color, becoming brownish, 
embedded in a transparent colorless 
slime. Cyst membrane light colored, 
relatively thick, 0.5 to 1.0 micron, trans¬ 
parent, revealing the contents. Rods in 
cyst 0.8 to 1.0 by 1.3 to 2.0 microns. 

Source and habitat: On rabbit dung 
sterilized and placed on soil (Poland). 
Rather rare. Relatively slow in appear¬ 
ance, only after many days. 

Illustrations: Krzemieniewski (loc. 
cii.) PI. IV, Fig. 47-48; PL V, Fig. 49. 

3. Polyangiumluteum Krzemieniewski. 
(Acta Soc. Bot. Poloniae, 5, 1927, 98.) 

Etymology: Latin luteus, saffron- or 
golden-yellow. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: Golden yellow, con¬ 
sisting of a few' cysts surrounded by a 
common bright yellow very thick slime 
wall. The cysts have colorless thin 
walls. Rods 0.7 to 0.8 by 3.8 to 5.8 
microns. 

Source and habitat: Isolated from soil 
on rabbit dung by Krzemieniew'ski 
(1927). 


Illustration: Krzemieniewski {loc, cit.) 
PL V, Fig. 22,23. 

4. Polyangium morula Jahn. (Krypto- 
gamenflora der Mark Brandenburg., V, 
Pilze I, 1911, 202.) 

Etymology: Modern Latin from Greek 
mora, mulberry. A diminutive referring 
to shape of cysts. 

Sw'arm stage (pseudoplasmodium) :Not 
described. 

Fruiting bodies: Cysts bright yellow, 
closely packed into a mulberry-shaped 
sorus; cysts with thick membrane (3 
microns), often made polygonal by 
pressure, 20 to 35 microns, bound together 
by slime. The w'hole sorus is 100 to 200 
microns broad. Rods in cysts about 3 
microns in length. Jahn states he has 
not studied fresh cysts. In the older 
cysts the rods are difficult to observe. 

Source and habitat : Observed once 
only by .Jahn {loc cit,) on rabbit dung. 

Illustration: Jahn (1924, loc. cit.) 
PL 2, Fig. 21. 

5. Polyangium cellulosum Im.^enccki 
and Solntzeva.* (On aerobic cellulose- 
decomposing bacteria. Akademiia Nauk, 
Leningrad, Isvestiia, 1936, 1115; English 
summary, 1168.) 

Etymology: Modern Latin cellulosum, 
cellulose. 

Fruiting body: Rods at center of the 
colony non-inotilc. forming large orange 
aggregates. Shorter than those at mar¬ 
gin: 0.7 to 0.9 by 3.4 to 5.6 microns. 
Later a concentration of cells occurs. 
Rods come closer together, form rounded 
or oval aggregates from which cysts 
become delimited. Cysts orange in 
color, 8 to 24 microns, average 20 to 25 
microns. In addition to bacterial cells 
droplets of fat, 1.5 to 3.5 microns, are 
sometimes seen within the cyst. When 
treated with H2SO4, cysts are easily 
broken up under the cover glass. Fruit¬ 
ing bodies are composed of clumps of 
cysts. Fruiting bodies oval or pear- 


♦ Translated from the original by E. V. Prostov, Iowa State College Library, Ames, 
Iowa. 
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shaped, 40 to 55 by 110 to 160 microns, 
reddish-brown. Covered with a slime 
membrane (flakes of dried slime)/ Each 
composed of 12 to 40 cysts which become 
polygonal from pressure. No cystophore, 
except those formed from slimy threads 
which have a stratified structure. Cysts 
sometimes arranged in chains. 

Spores: 0.7 to 0.8 by 2.2 to 3.5 microns. 

Vegetative cells: Thick, bent rods, 
w'ith rounded ends, 0.8 to 1.2 by 3.5 to 
8.5 microns. Motile, no flagella. Young 
rods have 1 chromatin granule, older 
have 2. Found in cellulose flbers at the 
margin of the colony. Fibers solidly 
stuffed near the margin. At the periph¬ 
ery individual cells may be seen. 

Vegetative colony: Cysts germinate on 
filter paper producing vegetative colonics. 
Colonies large, orange, moist, increasing 
in size. The older colonies have orange 
mai^gins while the center is dark brown, 
corresponding to the color of the fruiting 
bodies. Often show several concentric 
rings. 

Physiology: Rods cover cellulose fibers, 
partially or completely destroying them. 
Paper becomes transparent. 

Optimum temperature 18*^ to 22®C. At 
30® growth very slow. 

Grows only on wet cellulose; not in 
ordinary media. N5 growth in a hanging 
drop of broth. 

Aerobic. 

Source and habitat: Soil. 

Illustrations: Im^enecki and Solntzeva 
(loc. cit.) Table II, 2; figures 1 to 5. 

5a. Poltjangium cellulosun var. ferru- 
^iTieumMishustin. (Microbiology, Mos¬ 
cow, 7, 1938,427.) 

Etymology: Latin ferrugineus, of the 
color of iron-rust. 

Fruiting body: Composed of numerous 
cysts having definite wall. Mass of rods 
has a yellowish tinge, and the cysts are 
colored reddish-yellow. Color probably 
confined to the cyst walls. Cysts round 
or egg-shaped, or may be angular due to 
pressure. Each cyst contains numerous 
shortened rods. Cysts usually 12 to 40 


microns in diameter.' Numerous cysts 
grouped into fruiting bodies having bright 
red or drabbish red color when ripe. 
Form of fruiting body variable: most 
commonly rounded, ellipsoidal or biscuit¬ 
shaped, sometimes sausage-shaped. 
Cysts confined by an orange-colored slime 
membrane or envelope. No cystophore 
present. Fruiting bodies not easily 
broken up. Vary in size from 80 to 240 
microns. 

Spores: No data. 

Vegetative cells: Long, flexible, non- 
flagellate cells, motile by crawling, 0.8 to 
12 by 3.0 to 5.0 microns. Become 
shortened and highly retractile during 
fruiting body formation. 

Vegetative colony: On silica gel with 
cellulose at first pale pink. After six 
days fruiting bodies of red color appear, 
together with free cysts and many non- 
cheysted shortened rods. Fruiting 
bodies numerous at center of colony, 
and later form in concentric rings around 
center. Margin of* colony com|X)8ed of 
vegetative cells; periphery pink. Ma¬ 
ture colonies 2 to 5 cm in diameter, bright 
red, becoming drabbish red; pigmenta¬ 
tion appears to be confined to limited* 
areas. Surface dull, moist. Margin not 
definite. 

Physiology: Cellulose at center of 
colony completely destroyed; not entirely 
broken down under remainder of colony. 

The author considers this a color 
variant of Polyangium celluloaum Im- 
senecki and Solntzeva. 

Source: Isolated from the black soils of 
Eastern European Russia. 

Habitat: Digests organic matter in soil. 

5b. Polyangium celluloaum var. fuacum 
Mishustin. (Microbiology, Moscow, 7, 
1938, 427.) 

Etymology: Latin fuscusy dark, 

swarthy, dusky, tawny. 

Fruiting body : Composed of individual 
cysts, each with separate cyst wall, and 
held together by a common slime mem¬ 
brane or envelope. Shortened rod- 
shaped spores inclosed within the cyst 
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walls. Cysts forming outside the large 
masses usually rounded; those within 
often polygonal or angular. Cysts 5 to 
24 microns long, oval or egg-shaped. 
Encysted cells give cysts granular ap¬ 
pearance. Ripe cysts brown to light 
browm in color; immature, yellow to 
pink. Fruiting bodies pinkish-yellow 
when young, becoming brown when 
ripened. Considerable variation in form: 
round, oval or sausage-shaped, and from 
50 to 80 microns up to several hundred 
microns. Outer slime envelope often 
indistinct; no dried slime noticeable 
between the cysts. 

Spores: No data. 

Vegetative cells: Identical with those 
of Polyangium cellulosum var. ferru- 
gineum. 

Vegetative colony: A faint \tallow cast 
on cellulose-silica gel after 2 to 3 days. 
Becomes yellow-orange to yellow-pink 
after 6 to 8 days, while center is brownish- 
gray, Margin pinkish to yellow-pink. 
Surface dull, moist. As fruiting bodies 
ripen, colony becomes darker, finally dark 
brown. Reaches diameter of 2 to 5 cm. 
Fruiting bodies often arranged in form of 
pigmented, closely set, concentric rings. 
Margin of colony not clearly defined. 
Usually regularly rounded or oval. 
Cellulose completely destroyed only at 
center of colony. 

Source: Common in black soils of 
Sumy Experiment Station. Found only 
once in podzol soils. 

Habitat: Digests organic matter in soil. 

5c. Polyangium cellulosum var. fulvuni 
Mishustin. (Microbiology, Moscow, 7, 
1938, 427.) 

Etymology: Latin fulvvSy reddish- 
yellow, gold-colored. 

Fruiting body: Rose or pink in color, 
composed of numerous cysts. Young 
cysts yellow to yellow-orange, becoming 
pink, rose or red, or pinkish-yellow. 
Cysts same shape asothersof thespecies; 
6 to 24 microns in diameter, average 10 
to 12 microns; contain many short rods. 
Fruiting bodies vary in shape, often 


elongated,flagella (?)-6haped (columnar?), 
up to 20 to 25 by 350 to 450 microns. 
Also globular, mace-shaped, etc. 
Usually 25 to 40 by 50 to 80 microns. 
Cysts inclosed by outer common envelope 
or slime membrane. Easily broken up 
mechanically. 

Spores: No data. 

Vegetative cells: 0.8 to 1.2 by 3.5 to 6.0 
microns. 

Vegetative colony: On cellulose-silica 
gel form a hardly visible white (colorless 
?) colony at 2 days. After 6 days be¬ 
comes pink in color. Fruiting bodies 
first form near center. After 9 to 10 
days central area reddish-pink while 
periphery has yellowish cast. Mature 
colony 2 5 to 7.5 cm in diameter, pink- 
orange color, fairly regularly round or 
oval in shape. Pigmented concentric 
rings of fruiting bodies. 

Physiology: Cellulose entirely de¬ 
stroyed at center of colony and often at 
other points. 

Source: Podzol soils of Timiriazev 
Agricultural Academy. Seldom in black 
soils of Sumy Experiment Station. 

Habitat. Digests organic matter in 
soils. 

5d. Polyangium cellulosum var. luteum 
Mishustin. (Microbiology Moscow, 7, 
1938, 427.) 

Etymology: Latin luteus, saffron-yel¬ 
low, orange-yellow 

PYuiting body. Poorly organized ag¬ 
glomerations of colorless to yellow cysts 
inclosing sporulated cells. Cysts regu¬ 
larly egg-shaped to oval, 8 to 20 microns 
in diameter; predominantly 6 to 10 
microns. Matured cysts loosely con¬ 
nected into rounded or elongate masses 
40 to 80 by 100 to 150 microns. Ripe 
fruiting bodies easily pulled apart. 

Spores: No data. 

Vegetative cells: Similar to others of 
the species. 

Vegetative colony: On cellulose colo¬ 
nies regularly rounded or oval, surface 
has moist appearance. Yellowish cast 
2Dd or 3rd day, becoming deeper yellow. 
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Ochre yellow formations resembling 
fruiting bodies by 5 to 6 days. Many 
free cysts at center of colony. Later 
colony becomes pale dirty-yellow, while 
periphery remains bright yellow. Some¬ 
times one or two brightly pigmented 
rings consisting of agglomerations of 
fruiting bodies are found in older colonies. 
Mature colonies 1.5 to 3.0 cm in diameter. 

Physiology : Filter paper completely 
destroyed at center of colony. De¬ 
veloped better below pH 7 (around pH 6) 
than others of the species. 

Source: Isolated from soils of the 
Timiriazev Agricultural Academy. 
Common in podzol soils. 

Habitat: Digests organic matter in soil. 

6. Polyanglum simplex Thaxter. 
(Myxohacier simplex Thaxter, Bot. Gaz., 
18, 1893, 29; Thaxter, Bot. Gaz., 37, 
1904, 414.) 

Etymology: Latin simplex, simple, i.e., 
not compound. 

Swarm stage (pseudoplasmodium): 
Rods, large, cylindrical, rounded at 
either end, 0.7 to 0.9 by 4 to 7 microns. 

Fruiting bodies: Cysts single, very 
large, 250 to 400 microns, bright reddish 
yellow”, irregularly rounded. Rods flesh 
colored in mass. Upon pressure ad¬ 
hering together in sheaves. 

Source and habitat: Found by Thaxter 
(loc, cit.) in U. S. A. on very w’et w'ood 
and bark in swamps. 

7. Polyanglum ochraceum Krzemien- 
iewski. (Acta Soc. Bot. Poloniae, 4> 
1926, 34.) 

Etymology: Modem Latin from Greek 
dchra, yellow ochre, hence ochraceous. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: The orange to light 
red fruiting body in form of a single 
spherical or oval cyst 60 to 80 by 50 to 130 
microns, each with a thick yellow-brown 
membrane. The cyst content often 
(particularly in the oval cysts) is con¬ 
stricted by the membrane which pene¬ 


trates deeply. From the side the cyst 
appears to be divided. Rods in cysts 
0.5 by 4 to 8 microns. 

Source and habitat: From sterilized 
rabbit dung on soil (Poland). 

Illustrations: Krzemieniewski (loc, 
cit.) PI. V, Fig. 50, 51. 

8. Polyanglum fuscum (Schroeter) 
Thaxter. {Cystobacter fuscus Schroeter, 
in Cohn, Kryptogamenflora v. Schlesien, 
3, 1, 1886, 170; Thaxter, Bot. Gaz., 37, 
1904, 414.) 

Etymology: Latin fuscus, fuscus, 
brown. 

Swarm stage (pseudoplasmodium): 
Rods slender, elongate, 0.6 by 5 to 12 
microns. Grows readily on agar, also on 
dung agar. Baiir states rods are 15 to 20 
microns in length and move about 2 to 3 
microns per minute in hanging drop, on 
agar 5 to 10 microns per minute. 

Fruiting bodies: Cysts flesh-colored 
when young, chestnut brown when ripe, 
spherical, alx)ut 60 microns (Thaxter, 50 
to 150 by 50 to 70 microns) in diameter, 
with definite membrane, lying in con¬ 
siderable numbers in large sori, usually 
30 to 40 sometimes up to 100. The slime 
envelope is much more delicate and 
evanescent than in F, vitellinum. Oc¬ 
casionally a form is found with cysts 
measuring 100 microns: under these often 
lie kidney shaped cysts even 150 microns 
in length; apparently, a variety. Rods 
in cysts alxiut 0.8 to 1.5 by 3 to 3.5 
microns. Cysts (Baur) on dung decoc¬ 
tion break in 10-12 hours, and rods pour 
out, apparently passively at first. 

P. fuscum var. Krzemieniewski 

differs from the type in that the mem¬ 
brane is thin, separated from cysts, 
folded. 

Source and habitat: Thaxter (Bot. 
Gaz., 33, 1897), on rabbit dung from 
southern California. Kofler (Sitzber. d. 
Kais. Akad. Wiss. Wien. Math.-Nat. 
Klasse., 122 Abt., 1913, 845) on rabbit 
dung, Vienna. Jahn (Die Polyangiden, 
Geb. Bomtraeg., 1924), common on dung, 
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also occurs on decaying lichens and on 
poplar bark kept moist. Quite common 
in Polish soils according to Krzemien- 
iewski (1927, loc, cit,). 

Illustrations: Thaxter (1897, loc, cii.)^ 
PI. 31, Figs. 37-39. Baur, Arch. Protis- 
tenkunde, 6, 1905, PI. 4, Figs. 14,15, and 
17. Quehl, Cent. f. Bakt., II Abt., 16, 
1906, PI. 1, Figs. 8 and 16. Jahn, Bei- 
trfige zur botanischen Protistologie. I. 
Die Polyangiden, Geb, Borntraeger. Leip¬ 
zig, 1924, PI. 2, Fig. 12. Also Fig. A, 
p. 9. Krzemieniewski, Acta Soc. Bot. 
Poloniae, 4, 1926, 34, PI. IV, Figs. 42-43, 
also var. velatum Plate IV, Figs. 44-46. 

9. Polyanglum aureum Krzemieniewski. 
(Acta Soc. Bot. Pol., 7,1930,255.) 

Etymology: Latin, aureus, golden. 

Separated from Polyangfum morula 
on basis of pigmentation. 

Fruiting body : Cysts reddish-brown, 
variable in number, embedded in yellow 
slime to form a sorus with a common 
slime envelope. Cysts nearly spherical 
or slightly elongate, averaging 32 by 37 
microns. Cyst wall orange-yellow, about 
3.0 microns thick. Older cysts contain 
shortened rods, a granular mass, and a 
colorless or yellowish oleaginous liquid. 

Spores: Rod-shaped. 

Vegetative cells: Straight rods, of 
uniform diameter, with rounded ends, 
0.7 to 0.9 by 2.8 to 5.3 microns. 

Habitat: Soil. 

Illustrations: Krzemieniewski {loc, 
di,) Plate XVII, Figs. 14-17. 

10. Polyanglum stellatum Kofler. 
(Sitzber. d. kais. Akad. Wiss. Wien, 
Math.-Nat. Klasse, 122 Abt., 1913,19.) 

Etymology: Latin stcllaius, stellate. 

Swarm stage (pseudo plasmodium): Not 
described. 

Fruiting bodies: Cysts elongate, 80 to 
120 microns broad, 160 to 200 microns 
long, flesh-colored when young, brownish- 
red when old, star-shaped with 2 to 9 rays 
fixed by the narrowed base upon a kind of 
hypothallus. 


Source and habitat: Found by Kofler 
(1913, loc. cit.) on hare dung at Vienna. 

Illustrations: Kofler (1913, loc, cit,) 
PI.?, Fig. 6. 

11 . Polyanglum ferrugineum Krzemie¬ 
niewski.. (Acta Soc. Bot. Poloniae, 5, 
1927, 97.) 

Etymology: Latin Jerrugineus, dark 
red, like iron rust. 

Swarm stage (pseudoplasmodium) :Not 
described. 

Fruiting bodies: Irregular, branched 
and occasionally constricted coils. 
Branches of same diameter as the main 
tube. Cyst wall is brown-red. In the 
interior no differentiation is visible, 
l^ds in cysts are relatively short and 
thick, 0 8 to 1.1 microns by 2 to 2.5 mi¬ 
crons, not definitely arranged. Close to 
Archangium gephyra, but with cyst w^alls. 

Source and habitat: Krzemieniewski 
(loc. cit.) from soil in Poland and on 
rabbit dung. 

Illustrations: Krzemieniewski (loc, cit.) 
PI. V, Fig. 21. 

12. Polyanglum indlvlsum Krzemien¬ 
iewski. (Acta Soc. Bot. Poloniae, 5, 
1927, 97.) 

Etymology . Latin indivisas, undivided. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: Similar to Poly- 
nngium ferruginevm, but much smaller 
and bright orange-yellow. Enclosed in 
a similarly colored slime membrane. 
Interior of coils undifferentiated. Cyst 
rods 0.8 to 1 0 by 3 to 6 microns, straight, 
and rounded on ends. Arranged per¬ 
pendicularly to the wall, giving a netted 
appearance resembling Melittangium. 

Source and habitat: From soils in 
Poland, Krzeinieniew'ski (1927, loc, cit,), 

13. Polyanglum spumosum Krzemien¬ 
iewski. (Acta Soc. Bot. Pol., 7, 1930, 
254.) 

Etymology: Latin spumosusy foaming, 
full of foam. 
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Fruiting body: Colorless sori embedded 
in hyaline slime forming a common en¬ 
velope around the cysts. Surface white, 
foamy in appearance; cysts in irregularly 
rounded accumulations, 100 to 150 microns 
in diameter. Cysts usually spherical, 
sometimes elongate; 18 to 38 by 20 to 50 
microns; average 28 by 34 microns. 
Cyst membrane colorless. Cysts con¬ 
tain bundles of shortened cells, a granu¬ 
lar colorless mass, and a clear oleaginous 
fluid. 

Spores: Shortened rods. 

Vegetative cells: Straight rods, uni¬ 
formly thick, with rounded ends; 0.6 to 
0.8 by 3.9 to 6.8 microns. 

Habitat: Soil. 

Illustrations: Krzemieniewski {loc. 
ciL) Plates XVI-XVII, Figs. 10-13. 

14. Polyanglum fumosum Krzemien¬ 
iewski. (Acta Soc. Bol. Pol., 7, 1930, 
253.) 

Etymology: Latin fumosm, smoky. 

Fruiting body: A flat, crust-like layer 
of 2 to 20 (or more) cysts arranged to form 
a sorus. Sori rounded, up to 90 microns 
in diameter, or irregularly shaped; often 
elongate up to 400 microns long. Smoky- 
gray color due to surrounding slime walls. 
Outer profile of sheath (or cortex) ir¬ 
regular. . Cyst wall 2.4 to 3.5 microns 
thick; cysts often nearly spherical, 13 
to 48 microns in diameter, though fre¬ 
quently elongate. Average 36 by 44 


microns. Colorless, single, inclosed in 
a transparent membrane. 

Spores: No data. 

Vegetative cells: Long, straight, cy¬ 
lindrical with rounded ends; 0.7 to 0.9 
by 2.7 to 5.7 microns. Encysted cells 
similar. 

Habitat: Soil. 

Illustrations: Krzemieniewski {loc. 
cii.) Plate XVI, Figs. 6-9. 

15. Polyanglum parasiticum Geitler. 
(Arch. f. Protistenkunde, 50, 1924, 67.) 

Etymology: Latin parasiticus, para¬ 
sitic. 

Swarm stage (pseudoplasmodium): In 
water, on surface of the alga Cladophora. 
Pseudoplasmodia small. Rods long, cy- 
lindric, rounded at end and 0.7 by 4 to 7 
microns. At first saprophytic, later 
entering and destroying the Cladophora 
cell. 

Fruiting bodies: Sometimes single, 
usually 2 to 8 microscopically small, 
united in irregular masses, spherical or 
somewhat elongated. From 15 to 50 
micrems, usually 25 to 40 microns, with 
hyaline slime. When mature, red-brown 
in color, with firm wall. 

Source and habitat: Found on Clado¬ 
phora {fracta?) in pool at Vienna (Geitler, 
1924). 

Illustrations: Geitler (1924, loc. cit.) 
Figs. 1-10. 


Oentia 11, Synanglum/ahn. 

(Jahn, Beitrage zur botan. Protistologie. I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 79; Apelmocoena Enderlein, Bakterien-Cyclogenie, Berlin, 1924, 243.) 

Etymology: Greek syn, together and angion, vessel, referring to the clustering of 
the cysts. 

Diagnosis: Cysts provided with an apical point, united more or less completely 
to rosette-shaped, hemispherical or spherical fruiting bodies. 

The type species is Synangium sessile (Thaxter) Jahn. 

Key to the species of genus Synangium. 

I. Cysts irregular, pointed, united as a rosette on a slimy base, without a stalk. 

1. Synangium sessile. 

II. The fused cysts on a simple or branched stalk. 

A. Cyst group spherical, with the points of the cysts covered as with hair, reddish. 

2 . Synangium lanuginoaum. 
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B. Cyst group an oblate spheroid, yellow. Points of cysts less numerous. 

3. Synangium thaxieri. 


1. Synangium sessile (Thaxter) Jahn. 
(Chondromycea aeaailia Thaxter, Bot. 
Gaz., 57, 1904, 411; Jahn, Beitr&gc zur 
botanischen Protistologie. I. Die Poly- 
angiden, Geb. Borntraeger, Leipzig, 
1924, 79.) 

Etymology: Latin aeaailia, sessile, not 
stalked. 

Swarm stage (pseudoplasmodium) :Not 
described. 

Fruiting body: Cysts form on the base 
a clump or rosette without trace of stalk. 
Diameter of rosettes 100 to 250 microns. 
Tndividually the cysts are quite variable 
in form, irregularly spindle-shaped, usu¬ 
ally short-pointed, wrinkled surface 
toward the tip. At the base they fuse or 
unite to irregular masses. Cysts 18 to 
65 by 25 to 75 microns, average 40 by <50 
microns. 

Source and habitat: Thaxter (loc. ciL) 
found this on decaying wood in Florida. 

Illustration: Thaxter (loc. cit ) PI. 27, 
Figs. 14-15. 

2. Synangium lanuginosum (Kofler) 
Jahn. (Chondromycea lanuginoaua Kofler, 
Sitzber. d. Kais. Akad. Wiss. Wien. 
Math.-Nat. Klasse, 122 Abt., 1913, 861; 
Jahn, Beitrslge zur botanischen Protis¬ 
tologie. I. Polyangiden, Geb. Born¬ 
traeger, Leipzig, 1924,79.) 

Etymology: Latin lanuginoaua, woolly. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting body: Cyst cluster, consisting 
of united cysts, spherical or oval, 80 to 
200 microns in diameter, when dry, dark 
flesh-colored, covered with hairs 15 to 50 
microns long, originating from the indi¬ 
vidual cysts and giving the cyst cluster 
the appearance of a hairy ball. Skin of 


the cysts not definite. Rods within the 
cysts 3 to 6 microns. The cyst clusters 
are terminal on more or less forked stalks, 
about 1 mm high. 

Source and habitat: Kofler (Zoc. ciL) 
found this on rabbit dung at Vienna. 

Illustrations: Kofler (loc. cit.) PI. 1, 
Figs. 1-3. 

3. Synangium thaxter! (Faull) Jahn. 
(Chondromycea thaxieri Faull, Bot. Gaz., 
62, 1916, 226; Jahn, Beit rage zur botan¬ 
ischen Protistologie, I. Die Polyangiden. 
Geb. Borntraeger, Leipzig, 1924, 79.) 
Regarded as a synonym of Synangium 
lanuginosum by Krzemieniewski, Acta 
Soc. Bot. Poloniae, 4,1926,39. 

Etymology: Named for Dr. Roland 
Thaxter, American botanist. 

Swarm stage (pseudoplasmodium): 
Cultured for 2 years on dung, best in 
mixed cultures. Rods 0.5 by 3 to 6 
microns. 

Fruiting body: Fruit cluster flattened, 
spherical, yellow to flesh color or red¬ 
dish-orange, with a stalk which varys in 
length, about 140 microns in diameter. 
The bristles corresponding to the single 
cysts are 15 to 30 microns long, at the 
base 10 to 12 microns wide. Sometimes 
cyst single, usually 3 to 4, occasionally 
20 to 30. Rods 0.5 by 3 to 6 microns. 
Stalk maximum length 0.75 mm, usually 
350 microns, single or branched. Broad 
based, narrowing to apex and yellow in 
color. In germination rods move from 
basal scar of membrane, leaving the 
empty sack behind. 

Source and habitat: On deer dung in 
Ontario, Canada (Faull). 

Illustrations: Faull (loc. cit.) PI. 5 
and 6. Jahn (loc. cit.) Fig. X, p. 80. 


Oenua III. Melittangium Jahn. 

(Jahn, Beitrftge zur botan. Protistologie. I. Die Fblyangiden,Geb. Borntraeger, 
Leipzig, 1924, 78.) 

Etymology: Greek melitta, bee and angion, vessel, because of the honey-oomb 
pattora of the membrane. 
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Diagnosis: Cysts brownish orange-red, on short white stalk, like a mushroom. 
Has appearance of a white-stalked Boletus, The rods inside stand at right angles to 
the membrane. Upon germination the covering membrane is left colorless and with 
an appearance of honey-comb. 

The type species is Melittangiuvi boletus Jahn. 


1. Melittangium boletus Jahn. (Bei- 
trfige zur botanischen Protistologie. I. 
Die Polyangiden. Geb. Borntraeger, 
Leipzig, 1924, 78.) 

Etymology: Latin boletus, a kind of 
mushroom. 

Swarm stage (pseudoplasmodium): No 
description. 

Fruiting bodies: Cyst stalked, mush- 
room-like, white w-hen immature, then 
yellowish-flesh colored, Anally yellowish- 
brown to nut brown, when dried more 
reddish-brown. Larger diameter of cyst 
about 100 microns, height 40 to 50 microns, 
length of white stalk about 40 microns, 
length of rods in the cyst 3 to 4 microns 


by 0.5 microns. Sometimes the cyst is 
smaller and spherical (50 to 60 microns 
diameter), sometimes there is fusion of 
neighboring cysts, occasionally the stalk 
is abortive. 

Source and habitat: Jahn {loc, cit,) 
found this not uncommon on rabbit and 
deer dung in the vicinity of Berlin, also 
on deer dung from Denmark. Krzemien- 
iewski (1927, loc. cit.) reported it as 
common in Polish soils. 

Illustrations: Jahn (loc. cit.), PI. 2, 
Fig. 17 and 18. Also Fig B, p. 11, C-F, 
p. 23,0-Q, p. 43, T-U,p. 55. Krzemien- 
iewski, Acta Soc. Bot. Poloniae, 4, 1926, 
L PI. V, Fig. 55-56. 


Genus IV. Podangium Jahn. 

(Cystobacier Schroeter, in Cohn, Kryptogamenflora v. Schlesien, S, 1, 1886, 170; 
Jahn, Beitrage zur bo tan. Protistologie. I. Die Polyangiden. Geb. Borntraeger, 
Leipzig, 1924, 80; Monocystia Enderiein, Bakterien-Cyclogenie, Berlin, 1924, 243.) 
Etymology: Greek pus, podis, foot and angion, vessel. 

Diagnosis: Cysts chestnut-brown or red-brown, single on a more or less definite 
white stalk. 

The type species is Podangium erectum (Schroeter) Jahn. 

Key to the species of genus Podangium. 

I. Stalk scarcely definite, cysts short, appressed, if elongate then passing over from 
the white stem into the club-shaped cyst. Ripe cysts chestnut-brown. 

1. Podangium erectum. 

II. Stalk well differentiated. 

A. Cysts spherical, often irregular, confluent, the white stalk short. 

2. Podangium lichenicolum. 

B. Cysts lengthened ellipsoidal, red-brown, definitely differentiated from the 

white, slender stalks. 

3. Podangium gracilipes. 


1. Podangium erectum (Schroeter) 
Jahn. (Cystobacier erectus Schroeter, in 
Cohn, Krytogamenflora v. Schlesien, 3, 
1,1886,170; Chondromyces erectus Thax- 
ter,Bot.Qaz.,i(5,1897,407; Jahn,Beitrgge 


zur botanischen Protistologie. I. Die 
Polyangiden, Geb. Borntraeger, Leipzig, 
1924, 80.) 

Etymology: Latin erectus, erect, up¬ 
right. 
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Swarm stage (pseudoplasmodium): 
Kofler states rods are 2 to 5 microns in 
length. 

Fruiting bodies: Cysts usually short, 
almost spherical, compact, rounded above, 
orange-red changing to chestnut-brown, 
single on a white to yellow hypothallus 
constituted from the slime remaining 
behind. A definite “foot** of whitish 
slime is seldom observed. Fifty to 
hundreds together. Usually about 80 
microns high and 40 to 50 microns broad 
above, smaller below, often spherical 
cysts 60 microns in diameter. Rods in 
cysts 0.6 by 4 microns. 

Jahn believes the European form to be 
distinct from that described by Thaxter. 
Thaxter*s form produces cystophores 60 
to 300 microns long which wither at 
maturity so that cysts appear sessile. 

Source and habitat: Thaxter (loc. cii,)y 
horse dung in laboratory cultures, Massa¬ 
chusetts. Kofler (Sitzber. d. Kais. Akad. 
Wiss. Wien. Math.-Nat. Klasse, 122 Abt., 
1913), mouse dung. Jahn (1924) common 
on manure of different kinds, also on bark 
covered with lichens. Krzemieniewski 
(Acta Soc. Bot. Pol., J, 1927, 102) re¬ 
ported this species from Polish soil, 
but rare. 

Illustrations: Thaxter {loc. cit.) PI. 
31, Figs. 16-19. Quehl, Cent. f. Bakt., 
II Abt., 16, 1906, PI. 1, Figs. 4. Jahn 
(Zoc. cit.) PI. I, Figs. 7, 8, and 9. Krze¬ 
mieniewski, Acta Soc. Bot. Poloniae, 4, 
1926,1, PI. V, Figs. 52-63. 

2. Podangitim lichenlcolum (Thaxter) 
Jahn. {Chondromyces lichenicohis Thax¬ 
ter, Bot. Gaz., 17, 1892, 402; Jahn, 
Beitr&ge zur botanischen Protistologie. 
I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 81.) 

Etymology: Greek lichen, tree moss, 
lichen. Latin -colus, dwelling. 

Swarm stage: Reddish, rods cylin¬ 
drical, tapering slightly, 0.6 by 6 to 7 


microps. Germinate readily after dry¬ 
ing for 18 months when sown on moist 
lichens. 

Fruiting bodies: Cysts single, rounded 
or irregularly lobed, often confluent. 
Cystophore short, squarish, often lacking 
or misshapen. Cysts 28 to 35 microns, 
stem 7 to 8 by 10 microns. 

Source and habitat: Thaxter (1892), 
parasitic upon living lichens, which it 
destroys, New Haven, Conn. Thax¬ 
ter (1904, lec. cit.), lichens, Indiana, on 
algae, seen on wet boards, in mill race, 
Massachusetts. 

Illustrations: Thaxter (1892, loc. cit.) 
PI. 23, Figs. 20 to 23. Quehl, Cent. f. 
Bakt., II Abt , 16, 1906, 9, PI. 1, Fig. 6. 

3. Podangium gracilipes (Thaxter) 
Jahn. {Chondromyces gracilipes Thax¬ 
ter, Bot. Gaz., 23, 1897, 406; Jahn, Bei- 
tragc zur botanischen Protistologie. I. 
Die Polyangiden, Geb. Borntraeger, Leip¬ 
zig, 1924, 82.) 

Etymology: Latin gracilipes, slender 
footed. 

Swarm stage: Rods 5 to 7 microns. 

Fruiting bodies: Cysts bright orange- 
red, or red, 25 by 35 microns, elongate, 
rounded, on a white pointed stalk, rigid 
and persistent on substratum, rods also 
in stalk. Shortened rods in cyst 3 to 5 
microns. Cysts sometimes pear-shaped, 
caducous. 

Source and habitat: Thaxter {loc. cit.), 
from rabbit dung, Massachusets. Kofler 
(1913, loc. cit.), dung, Vienna. Jahn 
{loc. cit.) relatively common. Twice on 
rabbit dung near Berlin, once on goat 
dung in Norway. Krzemieniewski (1927 
loc. cit.) reported this species from Polish 
soil, but rare. 

Illustrations: Thaxter {loc. cit.) PI. 31, 
Figs. 20-24. Quehl, Cent. f. Bakt., II 
Abt., 16, 1906, PI. 1, Fig. 12. Jahn 
{loc. cit.) PI. II, Figs. 19,20. Krzemien¬ 
iewski (1926, loc. cit.), PI. V, Fig. 54. 
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Genus V. Chondromyees Berkeley and Curtis. 

(See Berkeley, Introduction to Cryptogamic Botany, London, 1857,313; Stigmatella 
Berkeley and Curtis, ibid. 1857, 313 (figure but no description); Berkeley (descrip¬ 
tion), Notes on North American Fungi, Grevillea, 5, 1874, 97; see Berkeley and 
Curtis, in Saccardo, Sylloge Fungorum, 1886, 679, Polycephalum? Kalchbrenner 
and Cooke, Grevillea, 9y 1880,22; Myxobotyrs Zukal, Bor. d. deutsch. Bot. Gesellsch., 
H, 1896, 346; Cystodesrnia Enderlein, Bakterien-Cyclogenie, Berlin, 1924, 243.) 

Synonymy: A species was figured and named in 1857 by Berkeley as Chondromyees 
crocatus Berkeley and Curtis, but not described. The generic name was finally 
described in 1874. Probably the date of the name should be the date of its description, 
although it is possible that fiui adequate labeled illustration should be interpreted as 
valid publication. 

Etymology: Greek cAondros, grain and wj/ccs, (fungus). 

Diagnosis: Cysts compactly grouped at the end of a colored stalk (cystophore). 
Cystophore simple or branched. 

The type species is Chondromyees crocatus Berkeley and Curtis. 


Key to the species of genus Chondromyees. 


1. Cysts not in chains. 

A. Cysts sessile when ripe. 
1. Cysts not pointed, 
a. Cysts rounded, 
b. Yellow. 


1. Chondromyees crocatus. 

bb. Bright orange-red. 

2. Chondromyees aurantiacus. 

aa. Cysts cylindrical. 

3. Chondromyees cylindricus. 

2. Cysts pointed. 

4. Chondromyees apiculatus. 

B. Cysts borne on stalk or stipe when ripe. 

1. Cysts orange-colored and truncate or rounded at distal end. 

a. Cystophore usually simple. 

. 5. Chondromyees pediculatus. 

aa. Cystophore usually branched. 

6. Chondromyees medius. 

2. Cysts copper-red when ripe; pear-shaped. 

7. Chondromyees minor. 

II. Cysts in chains at end of a compact stalk. 

8. Chondromyees catenulaius. 


1. Chondromyees crocatus Berkeley 
and Curtis. (Berkeley, Introduction 
to Cryptogamic Botany, London, 1857, 
313; Berkeley, Notes on North American 
Fungi, Grevillea, 5, 1874,64; Myxobotyrs 
variabilis Zukal, Ber. d. deutsch. bot. 
Ges., 15, 1896, 340, according to Krze- 
mieniewski, Acta Soc. Bot. Poloniae, 
1926, 38.) 


Etymology: Latin crocatus, saffron 
yellow. 

Swarm stage (pseudoplasmodium): 
Pale orange-red. Rods cylindrical or 
tapering slightly, straight or slightly 
curved, 0.6 to 0.7 by 2.5 to 6 microns. 
Cultivated on nutrient agar and sterilized 
horse dung. Cysts placed in moist 
chamber germinate in one or two days. 
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The csontents are first contracted within 
the cyst walls, showing the individual 
rods. The cyst wall is then absorbed or 
disappears at the base, and the rods 
escape in a regular stream until only the 
empty cyst is left. 

Fruiting bodies: Cysts nearly conical, 
rounded at tip, average 12 by 28 microns 
(6 to 20 by 15 to 45 microns), straw 
yellow, in spherical heads of variable 
numbers (70 to 90 microns) at tips of 
branches. Cystophore orange-colored, 
slender, striated, often twisted or ir¬ 
regularly bent, simple or branched as 
many as 6 times. About 600 microns 
high, rarely 1 mm. 

Source and habitat: Thaxter (1892, 
loc, cit.)j melon rind from South Carolina 
and old straw from Ceylon and Cam¬ 
bridge, Mass. Zukal (loc. cii.), Vienna. 
Quehl, dung from Java and on deer 
dung, near Berlin. Thaxter (1904, loc. 
cit.)t New Haven, Conn., Tabor, Iowa, 
Florida, Laubach, Java. 

Illustrations: Berkeley, Introduction 
to Cryptogamic Botany, London, 1857, 
313. Thaxter, Bot. Gaz., /7, 1892, 3S9, 
PI. 22 and 23, Figs. 1-11. Quehl, Cent, 
f. Bakt., II Abt., 16, 1906,9, PI. 1, Fig. 10. 
Jahn, Kryptogamenflora dor Mark Bran¬ 
denburg, V, Pilze I, Lief 2, 1911, 199, 
Fig. 6. Jahn, Beitrage zur botanischon 
Protistologie, I. Die Polyangiden, Geb. 
Borntraeger, Leipzig, 1924, PI. 2, Figs. 
14,15, and 16. 

2. Chondromyces aurantiacus (Berke¬ 
ley and Curtis) Thaxter. (Stigmatella 
aurantiaca Berkeley and Curtis (no 
description), Introduction to Crypto¬ 
gamic Botany, London, 1857, 313; Berke¬ 
ley (description), Notes on North Ameri¬ 
can Fungi, Grevillea, 5,1874, 97; Slilbinn 
rhytidosporum Berkeley and Browne, 
1873 , 96, see Saccardo, Sylloge Fungo- 
rum, 4, 1886, 571; Polycephalum auran- 
tiacum Kalchbrenncr and Cooke, 
Australian Fungi, Grevillea, 9, 1880, 23; 
Myxohotrys variahilis Zukal, Bor. 
deutach. Bot. Ges., /4» 340; Chon¬ 


dromyces aurantiacus Jahn, Kryptoga- 
menflora der Mark Brandenburg, V, 
Pilze I, 1911, 206.) 

Etymology: Modern Latin aurantiacus^ 
orange-colored. 

Swarm stage (pseudoplasmodium): 
Flesh-colgred, distinctly reddish. Rods 
large, tapering somewhat, normally 
straight, rounded at either extremity, 
0.6 to 1 by 7 to 15 microns, average 0.5 
by 7 microns (?). Easily cultivated on 
nutrient agar, but on this rarely produces 
well formed cystophores, though culti¬ 
vable on its ordinary substrate without 
difficulty. 

Fruiting bodies: Cysts oval, elliptical 
or spherical, average 30 by 50 microns, 
at first stalked then sessile, united in 
small numbers at one end of cystophores, 
bright orange-red, chestnut-browm when 
kept moist for a considerable period or 
flesh-colored. Cystophore colorless, of¬ 
ten yellowish at the tip, usually simple, 
rarely forked, 200 to 400 microns high. 

The Krzemieniew^skis (Acta Soc. Bot. 
Poloniae, 5, 1927, 96) have described a 
Chondromyces aurantiacus var. frutescens 
in which the fruiting body consists of a 
greenish, later yellowish mass of rods 
which develops into a thick cystophore 
with numerous terminal cysts. The 
cysts are oval or spherical, sometimes 
w ith cross-stnations, first orange-colored, 
later brown, about 40 to 120 by 30 to 90 
microns. The cyst rods are 0.9 to 1.0 
by 2.3 to 3.4 microns. 

Source and habitat: Berkeley (1857, 
loc. cit.), on lichen. Berkeley and 
Brown (1873, loc. cii.), on rotten wood 
from Ceylon. Thaxter (1892, loc. cit.) 
in North America not uncommon on 
old wood and fungi. Zukal {loc. cit.), 
Vienna. Thaxter, Bot. Gaz., Q3, 1897, 
395, on antelope dung from Africa. 
Thaxter, Bot.Gaz., 37, 1904,405, Florida, 
Philippines. Quehl*, Cent. f. Bakt., II 
Abt., 16, 1906,9, dung from Java. Krze- 
micniew’ski, Acta Soc. Bot. Poloniae, 4, 
1926, 1, rare in Polish soils. 

Illustrations: Berkeley and Brown 
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(1873, loc. ciL) PL 4, Fig. 16. Kalch- 
brenner and Cooke (ioc. ctL). Thaxter 
(1892, loc. cit.) PI. 23 and24, Figs. 12-19 
and 25-28. Zukal {loc, cit.) PI. 20. 
Quehl {loc. Ht.) PI. 1, Fig. 10. Jahn, 
Beitrftge zur botanischen Protistologie, 
I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, Fig. V, p. 57, Fig. W, p. 59. 
Krzemieniewski (1926, loc. cit.), PL V, 
Figs. 57-60; (1927) var. frutescens PI. 
VI, Figs. 27-35. 

3. Chondromyces cylindrlcus Krze- 
mieniewski. (Acta Soc. Bot. Pol., 7,1930, 
260.) 

Etymology; Greek kylindrikos, cylin¬ 
drical. 

This organism was at first thought to 
be a variety of Chondromyces aurantiacus. 
It is separated from it on the basis of 
size, shape and pigmentation of the cysts. 

Fruiting body: Cystophore composed 
of bundles of cells, develops from a thick, 
greenish-yellow mass of rods; unbranched 
or with short branches, colorless to pale 
orange-yellow; up to 200 microns high. 
Numerous cysts develop from cystophore 
and branches; at first borne on slender 
Stipe 20 microns long, later becoming 
sessile on cystophore. Young cysts 
orange-yellow, later becoming deeper 
orange, and finally bright orange-brown 
when ripe. Shape variable: oval, ir¬ 
regularly rounded; predominantly cylin¬ 
drical with rounded ends, 16 to 49 by 30 
to 90 microns; average 29 by 56 microns. 

Spores: Shortened rods 0.8 to 1.1 by 
IB to 3B microns. 

Vegetative cells: Long rods, tapered 
at ends, 0.5 to 0.6 by 6.7 to 11.0 microns. 
Habitat: Soils. 

Illustrations: Krzemieniewski {loc. 
cit.) Plate XVII, Fig. 18. 

4. Chondromyces aplculatus Thaxter. 
(Bot. Gaz., 1897, 405.) 

Etymology: Modem Latin from Latin 
apex, a point: with a small point. 

Swarm stage (pseudopliuimodium): 
Rods 1 by 3 to 20 microns. Does not 


grow as well on nutrient agar as Chondro^ 
myces crocatus and produces cysts and 
cystophores rarely. Cultivated on dung. 
Kofler states rods are 3 to 5 hiicrons in 
length. 

Fruiting bodies: Cysts of variable form, 
cylindrical to broadly turnip-shaped, 
usually with basal and apical appendages, 
the latter longer and pointed, bright 
orange, 28 by 35 microns. Cysts united 
in a single spherical terminal head, about 
200 microns in diameter. Cystophore 
rigid, stiff, seldom branched, to 1 mm 
high, colorless, longitudinally striate. 
Cysts germinate at both base and apex. 

Source and habitat: Thaxter (1897, 
loc. cit.), on antelope dung from Africa. 
Thaxter (1904, loc. cit.), deer dung, 
Philippines, Florida. Baur (1906, loc. 
cit.), on rabbit dung near Berlin. Kofler 
(1913, loc. cit.), on rabbit dung near 
Vienna. 

Illustrations: Thaxter (1897, loc. cit.) 
PL 30, Figs. 1 to 15. Quehl (1906, 
loc. cit.), PL 1, Figs. 13 to 14. Jahn 
(1911, loc. cit.) p. 199, Fig. 5. 

5. Chondromyces pediculatus Thaxter. 
(Bot. Gaz., 37, 1904, 410.) 

Etymology: From Latin pediculus, 
a small foot; small footed (stalked). 

Swarm stage (pseudoplasmodium); 
Rods 0.6 to 0.7 by 2 to 4 microns. 

Fruiting bodies: Cysts rounded to bell¬ 
shaped, truncate at distal end, orange- 
yellow, when dry orange-red, 35 to 50 
microns. Sessile on stalks 40 to 60 
microns in length, which are arranged as 
an umbel on the tip of the cystophore. 
Cystophore 300 to 700 microns in 
length, solitary, simple, usually rather 
slender and somewhat wrinkled. 

Source and habitat: Thaxter {loc. dt.), 
on goose dung in South Carolina. 

Illustrations: Thaxter {loc. cit.) PL 
26, Figs. 7 to 13. 

6. Chondromyces medius Krzemien- 
iewski. (Acta Soc. Bot. Pol., 7, 1930, 
263.) 
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Etymology: Latin medius^ medial, 
moderate. 

Fruiting body: Glistening, orange- 
colored cysts attached to cystophore in 
clusters by means of filamentous stipes 
about 40 microns long. Deciduous. 
Mass of rod-shaped cells from which 
cystophore develops colorless to pink. 
Cystophore composed of bundles of cells, 
often branched; appear similar to those 
of Chondromyces aurantiacus var. frutea- 
cena. Cysts variable in shape; pre¬ 
dominant are those rounded or flattened 
at the apex and tapered toward the base, 
24 to 78 by 26 to 93 microns. Average 
51 by 55 microns. 

Spores: No data. 

Habitat: Soil. 

Illustrations: Krzemieniewski {loc. 
ciL) Plate XVII, Figs. 20-22. 

7. Chondromyces minor Krzemieniew¬ 
ski. (Acta Soc. Bot. Pol., 7, 1930, 265.) 

Etymology: Latin minor^ less, little, 
small. 

Fruiting body: Cell masses from which 
cystophore develops, reddish-violet in 
color. Cystophore white, simple or 
branched, up to 120 microns high, 17 to 
89 microns thick. Cysts borne in clumps 
of 2 to 20 at apex of cystophore and 
branches on delicate colorless stipes. 
Cysts rose-red becoming copper-red when 
dry; pear-shaped, tapering toward base 
and broad at the apex; 20 to 47 by 20 to 


65 microns; average 28 by 38 microns. 
Deciduous. Stipes 3 to 6 by 10 to 25 
microns. 

Spores: 0.6 to 0.8 by 2.9 to 4.3 microns. 

Vegetative cells: 0.6 by 3.8 to 7.2 
microns. 

Habitat:. Soil. 

Illustrations: Krzemieniewski {loc, 
cit.) Plate XVII, Figs. 23-24. 

8. Chondromyces catenulatus Thaxter. 
(Bot. Gaz., 57, 1904, 410.) 

Etymology: Modern Latin from catena^ 
a chain, = occurring in chains. 

Swarm stage (pseudoplasmodium): 
Cultivated only on original substrate. 
Rods 1 to 1.3 by 4 to 6 microns. 

Fruiting bodies: Cysts light yellow- 
orange, 20 to 50 by 18 microns in rosary¬ 
like chains, which may be branched once 
or twice, sessile on a short compact 
stalk, cysts separated by shriveled isth¬ 
muses. Chains to 300 microns. Cysto¬ 
phore simple 180 to 360 microns, cleft 
above, and passing over into the chains, 
rather broad at base and spreading 
somewhat on substratum. The divi¬ 
sions of the cystophore are pointed, 
short and slightly swollen. 

Source and habitat: Thaxter {loc. ctL), 
on decaying poplar wood. New Hamp¬ 
shire. 

Illustrations: Thaxter {loc. cit.) PI. 
26, Figs. 1 to 5. 
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FAMILY V. MYXOCOCCACEAE JAHN. 

(Beitrage zur botan. Protistologie. I. Die Polyangiden, Geb. Borntraeger, Leipzig, 
1024,84.) 

Diagnosis: The rods become shortened when fruiting occurs (resting cells are 
formed), and develop into spherical or ellipsoidal spores or microcysts. Upon germi¬ 
nation the vegetative cell develops from the spore by a process analogous to budding, 
pinching off at the point of emergence, leaving the spore wall entirely empty. In three 
of the genera, definite fruiting bodies are,produced. In Sporocytophaga^ the spores 
(microcysts) are produced from the vegetative cells without development of fruiting 
bodies. 


Key to the genera of family Myxococcaceae. 

I. Definite fruiting bodies formed. 

A. Fruiting body not containing or made up of cysts. 

1. Fruiting bodies deliquescent. 

Genus I. MyxococcuSy p. 1040. 

2. Fruiting bodies firm, not deliquescent. 

Genus II. Chondrococciia, p. 1044. 

B. Fruiting body made up of cysts. 

Genus III. AngiococcuSy p. 1047. 

II. No definite fruiting bodies formed. 

Genus IV. Sporocytophagay p. 1048. 

Genus L Myzococcus Thaxter. 

(Bot. Gaz., 17y 1892, 403.) 

Etymology: Greek myxoy mucus and kokkosy berry; slime sphere. 

Diagnosis: Spherical spores in conical or spherical or occasionally ovoid upright 
fruiting bodies, united by a loose more or less mobile slime. 

The type species is Myxococcus fulvus (Cohn emend, Schroeter) Jahn. 

Key to the species of genus Myzococcus. 

I. Stalk lacking or indicated only by a constriction. 

A. Spores average less than 1.4 microns in diameter. 

1. Fruiting body red or brownish-flesh color. 

1. Myxococcus fulvus. 

2. Fruiting body light blood-red. 

2. Myxococcus cruentus. 

B. Spores average 2.0 microns in diameter. 

1. Fruiting body yellow to greenish-yellow. 

3. Myxococcus virescens. 

2. Fruiting body yellow-orange to orange. 

4. Myxococcus xantkus. 

II. Well developed stalk supporting spherical spore mass above. 

A. Spores spherical. 


B. Spores oval. 


5. Myxococcus stipitatus. 

6. Myxococcus ovalisporua. 
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1. Myzococcus fulvus (Cohn emend. 
Schroeter) Jahn. (Micrococcus fulvus 
Cohn?, Beitrage z. Biologic d. Pflanzon, 
1, Heft 3, 1875, 181; Jahn (1924) states 
that the description of Cohn is too inade¬ 
quate to determine whether he was 
dealing with a true species of the genus 
Mijxococcus. Cohn described the or¬ 
ganism from horse dung, as producing 
conical, rust-red droplets § mm in diam¬ 
eter, the cells bound together by an inter¬ 
cellular slime, cells large, 1.5 microns in 
diameter; Micrococcus fulvus Schroeter, 
Schizomycetes, in Cohn, Kryptogamen- 
flora V. Schlesien, 5, 1, 1886, 144. Ob¬ 
served on horse dung and rabbit dung at 
various localities. Jahn insists that 
this organism must bo the same as 
Myxococcus ruhescens Thaxter. Myxo- 
coccus ruhescens Thaxter, Bot. Ciaz., f7, 
1892, 403; Myxococcus ruber Baur, Arch, 
f. Protistenkunde, 5, 1905, 95; Myxo¬ 
coccus pyriformis A. L. Smith, Jour. Bot., 
S9f 1901, 71; Myxococcus javancnsis do 
Kruyff, Cent. f. Bakt, II Abt., J/, 1908, 
386; Rhodococcus fulvus Winslow and 
Winslow, Systematic Relationships of 
the Coccaceae, 1908, 262; Myxococcus 
fulvus Jahn, Beitrage zur botanischen 
Protistologie. I. Die Polyangiden, Geb 
Borntraeger, Leipzig, 1924, 84.) 

Etymology: Latin fulvus^ reddish- 
yellow. 

Swarm stage (pseudoplasmodium): 
Thaxter states that the rod masses are 
reddish, rods slender, irregularly curved, 
0.4 by 3 to 7 microns. Bauer followed 
spore germination in hanging drop. 
Spores 0.8 to 1.3 microns, without struc¬ 
ture, in five hours swollen to 1 to 1.5 
microns, and no longer as refractive. 
The membrane is not burst; the cell be¬ 
comes egg-shaped, then elongate and 
cylindric. He regards his Myxococcus 
ruber as distinct from Thaxter’s Myxo¬ 
coccus ruhescens in part because of differ¬ 
ences in spore germination. The cells 
become motile after doubling or trebling 
in length. It is a creeping motion in 
contact with the substrate; the colls do 


not ‘Wim.’* Rate of motion 5 to 10 
microns per minute. Rods eventually 
are 0.5 to 0.7 microns by 4 to 10 microns. 
Cell division by transverse fission. 
Spore formation is through shortening 
and rounding of the cells, the converse 
of germination. In hanging drop the 
cells tend to congregate after three days 
and to transform into spores. Rods 
sporulatc in 3 to 4 hours. The rods con¬ 
tinue to congregate, and the spore mass 
increases, held together by viscous matrix. 
Vegetative cells are light flesh color. 

Gelatin is quickly liquefied, completely 
in 1 to 2 days, but no fruiting bodies are 
formed. 

Kofler secured good growth on Host¬ 
ing’s milk agar, and determined digestion 
of casein. 

Baur could not secure good growth on 
any agar medium of known composition. 
With peptone, sugars, etc., some growth 
but not normal when peptone present. 
He carried one strain 3i months on pep¬ 
tone sugar agar. Good growth on dung 
agar. Addition of peptone to dung agar 
not significant in effect, the addition of 
glucose altered the form of the fruiting 
bodies. 

Dc Kruyff secured best results with a 
dung extract agar to which was added 
ammonium nitrate and potassium phos¬ 
phate. 

Fruiting bodies: Spherical or elongate 
pear-shape, constricted below, often 
with definite slimy stalk, flesh red to 
brownish-red, when dry rust-red to brown, 
about 300 microns in diameter. Spores 
1 to 1.2 microns. Jahn (1924, loc. cit.) 
notes two varieties. 

var. albus. (Latin albuSy white). 
Constantly white, even when 
t ransferred. Fruiting bodies some¬ 
what smaller than the type, 
var. miniatus. (Latin miniaiuSf 
painted with red lead or cinnabar.) 
Color cinnabar-red, fruiting bodies 
somewhat larger. 

The form described by de Kruyff had 
spores 1.6 microns in diameter. 
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Source and habitat: Thaxter (1892, 
loe. ctL)>on various decaying substances, 
lichens, paper, dung, etc. Smith (loc, 
ctL), on rabbit dung from Wales. Baur 
(loc. cit.)f on cow and dog dung. De 
Kruyff (loc, ci(.), on stable manure in 
Java. Jahn (1924, loc. ciQ^ very com¬ 
mon, on almost all specimens of dung, 
also on bark, decaying wood, and lichens. 
Krzemieniewski (1927, loc. cit.) very 
common in Polish soil. Kofler (loc. cit.)^ 
dung of rabbit, horse, goat, mouse, roe, 
deer, on stem of clematis and decaying 
leaves and in bird nest. 

Illustrations: Cohn (loc. cit.) PI. 
6, Fig. 18. Smith (loc. cit.) Fig. 1. 
Baur (loc. dt.) Figs. 1, 2, 3, and PI. 4, 
Figs. 1-13, 16. 'Jahn (1924, loc. cit.) 
Figs. L-M, p. 43, Fig. R, p. 47. Krze¬ 
mieniewski, Acta Soc. Bot. Poloniae, 4, 
1926, PI. I, Figs. 7-8. Kofler, Sitzber. 
d. Kais. Akad. Wiss. Wien. Math.-Nat. 
Klasse, 122 Abt., 1913, 845, PI. 2, Figs. 
10 and 12. 

Cultures: Baur (loc. cit.) states that 
he deposited a pure culture in the Zen- 
tralstelle fttr Pilzkulturen. 

2. Myxococcus cruentus Thaxter. 
(Thaxter, Bot. Gaz., 2S, 1897, 395; 
Chondrococcus cruentus Krzemieniewski, 
Acta Soc. Bot. Poloniae, 5, 1927, 79.) 

Etymology: Latin cruentusy blood-red. 

Swarm stage (pseudoplasmodium): 
Rods 0.8 by 3 to 8 microns. Was not 
cultivated. 

Fruiting body: Cysts regularly spheri¬ 
cal, 90 to 125 microns, blood-red. Slime 
forms on the surface a more or less defi¬ 
nite membrane, in which the spores 
lie. Spores oval or irregularly oblong 
about 0.9 to 1 by 1.2 to 1.4 microns. 
Cysts are densely aggregated. 

Source and habitat: Thaxter (loc. cit.), 
on cow dung, Tennessee. Krzemieniew¬ 
ski (1927, loc. cit.) rare in Polish soils. 

Illustrations; Thaxter (loc. dt.) PI. 31, 
Figs. 28-29. 


3. Myxococcus vlrescens Thaxter. 
(Bot. Gaz., 17, 1892, 404.) 

Etymology: Latin virescens, becoming 
green. 

Swarm stage (pseudoplasmodium): 
Rod masses greenish-yellow. Rods slen¬ 
der, irregularly curved, 0.4 by 3 to 7 
microns. When cultivated in potato 
agar tends to lose its green color and 
becomes yellowish. Badian (1930) re¬ 
ports the presence of a dumb-bell-shaped 
nuclear structure which splits longi¬ 
tudinally in cell division, and shows 
autogamy preceding and a reduction 
division during spore formation. 

Fruiting body: Spherical or conical, 
usually less rounded than other species 
of the genus, yellowish, occasionally 
greenish, in culture on artificial media, 
easily becoming white, 150 to 500 microns. 
The slime deliquesces in continued 
moisture. Spores large, about 2 microns. 

Source and habitat: Thaxter (loc. dt.), 
on hen^s and dog^s dung, New England. 
Jahn (1924, loc. cit.), not very abundant 
on dung of rabbit, horse, stag and black 
cock. Krzemieniewski (1927, loc. dt.), 
common in soil in Poland. Badian (loc. 
cit.), Poland. 

Illustrations: Krzemieniewski, Acta 
Soc. Bot. Poloniae, 4) 1926, PI. I, Fig. 9. 
Badian, Acta Soc. Bot. Poloniae, 7, 1930, 
55, PI. 1,8 figures. 

4. Myxococcus xanthus Beebe. (Jour. 
Bact., 42, 1941,193.) 

Etymology: Greek xanthos, orange, 
golden. 

Fruiting l)ody: Spherical to subspheri- 
cal, usually sessile but occasionally con¬ 
stricted at the base giving the appearance 
of a short stalk or foot. Mature fruiting 
body up to 300 to 400 microns in diameter, 
often slightly flattened on top or one side. 
Color varies from light yellowish-orange 
when young to bright orange when ma¬ 
ture; color coi^stant, never tending toward 
greenish-yellbw. No outer cyst wall or 



FAMILY MYXOCOCCACEAK 


1043 


limiting membrane discernible, the spores 
being imbedded in the slime holding the 
mass together. Usually single, though 
two or three fruiting bodies may become 
joined to form an irregular mass; each is 
attached to the si^bstrate, however, and 
never bud one from another. 

Spores: Spherical, with thick outer 
wall or membrane. Highly refractile. 
Stain very easily with any of the ordinary 
bacterial or nuclear dyes. 2.0 microns 
in diameter, seldom larger. 

Vegetative cells: Large, flexible, single, 
Gram-negative rods with rounded ends. 
No flagella, but move on surface of solid 
or semi-solid substrate with a crawling 
or creeping motion. Vary in size from 
0.5 to 1.0 by 4 to 10 microns; average 
0.75 by 5 microns. More or less distinct 
cell wall often evident. 

Vegetative colony: Characteristics 
vary with the substrate. 

On plain 1.5 per cent agar (no nu 
trients added): Very thin and trans¬ 
parent, often hardly visible except by 
transmitted light. Little or no pig¬ 
mentation. Surface covered with fine, 
more or less regularly spaced ndges 
causing a dull macroscopic appearance 
without gloss or sheen. Margin very 
thin and quite regular. 

On rabbit dung decoction agar: Col¬ 
ony thicker, the surface being broken 
by veins or ridges radiating from the 
center. Thick central area often smooth 
and glossy while margin much the same 
as that on plain agar. Veins or ridges 
extend outward from center in loose 
spiral, always in clock-\\dse direction 
Pigmentation, yellow to pale orange, 
confined to thicker central portion, 
extends part way along veins to margin. 

On nutrient agar: Grow^th poor. Col¬ 
ony thick, at first heavily veined, the 
veins later merging to form an irregular 
glossy surface. Colony remains small, 
pigmentation usually fairly heavy; mar¬ 
gin thick, irregular to lobate. 

Physiology; Grows well on mineral 


salt-agar to which has been added dul- 
citol, inulin, cellulose, reprecipitated 
cellulose or starch; hydrolyzes starch; 
does not destroy cellulose to any appreci¬ 
able extent. Best growth on suspension 
of killed bacterial cells in agar; suspended 
cells in g’rowth area lysed. Develop¬ 
ment completely inhibited by arabinose, 
largely by maltose and mannose. 

Source: Isolated from dried cow dung, 
Ames, Iowa. 

Habitat: Decomposed bacterial cells 
in dung. 

Illustrations: Beebe {loc. cit.) Figs. 
1-28. 

5. Myzococcus stipitatus Thaxter. 

(Bot. Gaz., 2$, 1897, 395.) 

Etymology: From Latin stipes^ stalk; 
stalked. 

Swarm stage (pseudoplasmodium): 
Rods 0.5 to 0.7 by 2 to 7 microns or 
longer. Grows w^ell on nutrient agar, 
but docs not fruit readily. 

Fruiting body: Spore mass nearly 
spherical, 175 microns in diameter, del¬ 
iquescent, sessile on a w'ell developed 
compact stalk, white to yellowish and 
flesh color. Spores 0.8 to 1.2 by 1.0 to 
1.15 microns. Stalk 100 to 200 microns 
long, 30 to 50 microns wide. 

Source and habitat; Thaxter (ioc. ciL), 
repeatedly on dung in laboratory cul¬ 
tures at Cambridge, Mass., Maine, Ten¬ 
nessee. Krzemieniewski (1927, ioc. ciL), 
common in Polish soils. 

Illustrations: Thaxter (Zoc. di.) PI. 
31, Figs. 30 to 33. Krzemieniewski, 
Acta Soc. Bot. Poloniae, -J, 1926, PI. II, 
Figs. 13-14. 

6. Myzococcus ovalisporus Krzemien¬ 
iewski. (ActaSoc. Bot., Pol.,1926,15.) 

Etymology: Modern Latin ovalis, oval, 
Greek sporos, seed. Oval spored. 

Swarm stage (pseudoplasmodium): 
Not described. 

Fruiting bodies: Produces almost spher¬ 
ical, characteristically shortened, ovoid 
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spore masses of light milky yellow color. 
These are often raised on a poorly de¬ 
veloped stalk. This stalk always shows 
some bacterial cells remaining, and in 
this and color is differeniated from 
M, atipitatus* From the base of the 
stalk or directly from the substrate one 
or more small fruiting bodies develop. 
Spores are oval, sometimes irregularly 
spherical, 1.3 to 1.9 by 1.0 to 1.4 microns. 
In culture retains its differences from 
Myzococcus atipitatus. The latter sporu- 
lates best at room temperature, but 


Myxococcus ovalisporus in an incubator 
(presumably at 37®C). 

Source and habitat: Develops on rabbit 
dung (sterilized) on soil in Poland 
(Krzemieniewski). 

Appendix: Rippel and Flehmig (Arch, 
f. Mikrobiol., 4i 1033, 229) describe a 
new type of aerobic cellulose destroying 
bacteria uiider the new genus name of 
Itersonia. This genus includes a single 
species, Itersonia ferruginea. This or¬ 
ganism shows similarity to those in¬ 
cluded in Myxococcus, 


Genus II. Chondrococcus Jahn. 

(Jahn, Beitrage zur bo tan. Protistologie. I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924; Dactylocoena Enderlein, Bakterien-Cyclogenie, Berlin, 1924, 243.) 
Synonymy: A segregate from Myxococcus Thaxter. 

Etymology: Greek chondroSj grain and kokkos, ball (coccus). 

Diagnosis: Spores embedded in a viscous slime which hardens. Fruiting bodies 
divided by joints or constrictions, often branched, usually relatively small. 

Seven species are included, of which the first described by Thaxter and best de¬ 
scribed, Chondrococcus coralloides (Thaxter) Jahn, may be designated as the type. 
The first species listed by Jahn is regarded as doubtful and should not be regarded 
as the type for there is no evidence that Jahn ever saw the species. 

Key to the species of genus Chondrococcus. 

I. Not parasitic on fish. 

A. Erect, simple or somewhat branched fruiting bodies. 

1. Secondary fruiting bodies not produced. 

a. Fruiting bodies constricted or jointed. 

1. Chondrococcus coralloides. 
aa. Fruiting body simple, columnar, club- or cushion-shaped. 

b. Fruiting body thick below, lesser above. 

2. Chondrococcus cirrhosis. 

bb. Not as in b. 

c. Spores 1.6 to 2.0 microns in diameter, 

d. Fruiting body cushion-shaped. 

3. Chondrococcus viegalosporus. 
dd. Fruiting body branched. 

4. Chondrococcus macrosporus. 

cc. Fruiting body smaller below, above club-shaped. Spores 1.0 
to 1.2 microns in diameter. 

la. Chondrococcus coralloides var. 
clavatus. 

2. Secondary fruiting bodies arise as bud-, finger- or coral-like growths from 

primary fruiting body. 

5. Chondrococcus hlasticus. 

B. Recumbent, simple swelling or cyst heap constituting the fruiting body. 
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1. Cysts 60 to 170 microns, without definite envelope, in swollen brain-like 
arrangement. 


6. Chondrococcus cerebriformia, 

2. Cysts 30 to 35 microns, numerous, and embedded in a thick slime envelope. 

lb. Chondrococcus coralloidcs var. 
polycystus. 

II. Parasitic on fish. 


7. Chondrococcus columnaris. 


1. Chondrococcus coralloldes (Thax- 
ter) Jahn. {Myxococcua coralloidcs 
Thaxter, Bot. Gaz., 17, 1892, 404; Myxo- 
coccus digitcUus Quehl, Cent. f. Bakt., 
II Abt., 16, 1906, 18 (pro parte); Myxo- 
coccus clavaiua Quehl, ibid.; Myxococcvs 
polycystus Kofier, Sitzberg. d. kais. 
Wiss., Wien. Mat.-Nat. Klasse, 122 Abt., 
1913,865 (pro parte); Myxococcus exiguus 
Kofier, ibid,, 867 (pro parte); Chondro- 
coccus polycystus Krzemieniewski, Art. 
Soc. Bot. Poloniae, ^, 1926, 46.) 

Etymology: Greek korallion, coral, 
eidos, like. 

Swarm stage (pseudoplasmodium) : 
Rod masses pale pinkish, thin, rods 
slender, curved 4 to 7 by 0.4 microns. 
Readily cultivated on lichens and on 
potato agar. 

Fruiting bodies: Very variable in 
shape, usually with rounded coral-like 
processes, recumbent or upright, some¬ 
times with finger-like outgrowths or 
rounded constrictions, usually small, 
about 50 microns in diameter, protuber¬ 
ances 20 to 30 microns wide, light rose 
to flesh color. Spores 1 to 1.2 microns. 
Jahn concludes that the species segre¬ 
gated by Quehl and by Kofier are of 
varietal rank only. Krzemieniewski 
(1926) regards Chondrococcus polycystus 
(Kofier) Krzemieniewski as a distinct 
species. 

Source and habitat: Thaxter (1892), 
uncommon in America, on lichens. Very 
common in Europe. Jahn (1924), rela¬ 
tively common. On dung of rabbit, hare, 
horses, deer, old bark and old lichens. 
Goat dung from Lapland and Italy. 
Kofier (1913), dung of field mice, homes, 
hares, goats, roe and deer. Krzemieniew¬ 
ski (1927), common in Polish soil. 


Illustrations: Thaxter (1892, loc. cit,) 
PI. 24, Figs. 29-33. Quehl (1906, loc. 
cit.) PI. 1, Figs. 1 and 9. Kofier (1913, 
loc. cit.) PI. 1, Fig. 4, PI. 2, Fig. 9. Krze¬ 
mieniewski (1926, loc. cit.) PI. II, Figs. 
15-18. Jahn (1924, loc. cit.) Fig. Y, 
p. 87. 

la. Chondrococcus corralloides var. 
claratus varies from Chondrococcus coral- 
loides in having fruiting bodies simple 
or branched rather than constricted or 
jointed. 

lb. Chondrococcus corralloides var. 
polycystus varies from Chondrococcus 
coralloides, in having its fruiting bodies 
simple swellings or “cyst heaps’^ rather 
than branched, and in being recumbent 
rather than erect. 

2. Chondrococcus clrrhosus (Thaxter) 
Jahn. (Myxococcus cirrhosus Thaxter, 
Bot. Gaz., 23, 1897, 409; Jahn, Beitrage 
zur botanischen Protistologie. I. Die 
Polyangiden, Geb. Borntraeger, Leipzig, 
1924, 200.) 

Etymology: Modern Latin from Greek 
cirrhos, tawny. 

Swarm stage (pseudoplasmodium): 
Rods 0.8 by 2 to 5 microns. 

Fruiting bodies: Elongate, upright, 
thickened below, slender above, extended 
to a rounded point, 50 to 100 microns long, 
20 microns in diameter at base, light red 
to fiesh-colored. Spores about 1 micron. 

Source and habitat: Thaxter (loc. cit.), 
once only on grouse dung. Mass. 

Illustrations: Thaxter (loc. cit.) PI. 
31, Figs. 25-27. 

3. Chondrococcus megalosporus Jahn. 
(Beitriige zur botanischen Protistologie. 
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I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 86.) 

Etymology: Greek tneyalos, large; 
sporoSj seed, spore; large spored. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: About 80 to 160 mi¬ 
crons wide, rounded, cushion-shaped, 
dark flesh color. Spores 2 microns. 

Source and habitat: Jahn (loc. ciL),on 
stag dung near Berlin. 

Illustrations: Jahn (loc, cit.) Fig. Y, 
i to k, p. 87. 

4. Chondrococcus macrosporus Krze- 
mieniewski. (Acta Soc. Bot. Poloniae, 4, 
1926). According to Krzemieniewski, 
not to be confused with Zukal’s species, 
Myxococcus macrosporus (Ber. d. deutsch 
Bot. Gesellsch., /5,1897,542.) 

Etymology: Greek makros^ long, large; 
sporosy seed, spore; large-spored. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: Much like Chondro¬ 
coccus coralloides, differing in color and 
in size of spores. Spores 1.6 to 2.0 
microns. Fruiting body yellow or light 
brown color, with long branches. 

Source and habitat: Krzemieniewski 
{loc, found it first on leaves, later 

isolated from soil on rabbit dung. 

Illustrations: Krzemieniewski {loc. 
cit.) PI. II, Fig. 19. 

5. Chondrococcus blasticus Beebe. 
(Iowa State Col. Jour. Sci., 15y 1941,310.) 

Etymology: Greek blastikos, budding. 

Fruiting lx>dy: Primary: Spherical to 
subspherical, usually sessile but occa¬ 
sionally with a short stalk or foot; pale 
pink to bright salmon pink; 300 to 600 
microns in diameter. No outer wall or 
limiting membrane evident. Develops 
on sterilized rabbit dung in from 3 to 6 
days at room temperature. Secondary: 
Arising as bud-like growth from the 
primary fruiting body. Develops into 
irregularly shaped, finger-, coral - or bud¬ 
like protuberance. Seldom branched; 
occasionally stalked but usually sessile on 


primary fruiting body until latter is 
utilized in formation of several secondary 
fruiting bodies. Deep pink to salmon 
pink in color. Variable in size and shape; 
50 to 150 by 75 to 225 microns. No outer 
wall or limiting membrane evident. 

Spores: Spherical, thick-walled, highly 
retractile; 1.2 to 1.4 microns in diameter. 
Held together in the fruiting body by 
the mass of i^lime. 

Vegetative cells: Long, slender, flexible 
rods, straight or curved to bent, ends 
rounded to slightly tapered. Gram¬ 
negative. 0.5 to 0.6 by 3.0 to 5.0 microns. 
Usually found in groups of 2 to 12 lying 
parallel on the surface of the slimy 
colony, the group moving as a unit. 
Motile by a crawling or creeping motion, 
no flagella. 

Vegetative colony: Thin, colorless, 
transparent at margin; surface broken by 
many small ridges or veins. Center 
smooth, slightly thicker, often showing 
pale pink color. Fruiting bodies first 
form at or near center, later distributed 
irregularly on other parts of colony. 
Margin composed of active vegetative 
colls. 

Physiology: Good growth on mineral 
salt agar to which has been added such 
complex carbohydrates as dulcilol, inulin, 
cellulose, roprecipitated cellulose or 
starch; starch hydrolyzed, cellulose not 
destroyed appreciably. Can utilize agar 
as both C and N sources, liest growth on 
suspensions of killed bacterial cells in 
agar. Growth inhibited partially or 
entirely by arabinose, mannose and 
maltose. 

Source: Goat dung and soil, Ames, 
Iowa. 

Habitat: Soil. Decomposes organic 
matter, especially bacterial colls in 
dung. 

Illustrations: Beebe {loc. cit.) PI. II, 
Figs. 6-6, pi. IV, Fig. 18. 

6. Chondrococcus cerebrifomiis 
(Kofler) Jahn. {Myxococcus cerebri- 
formis Kofler, Sitzber. d. kais. Akad. 
Wiss., Wien. Math.-Nat. Klaaae, 122 
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Abtty 1913| 866j Jahn, BeitrUge zur 
botanischen Protistologie. I. Die Polyan- 
giden, Geb. Bomtraeger, Leipzig, 1924, 
86 .) 

Etymology: Latin cerebrum, brain; 
formU, shape. 

Swarm stage (pseudoplasmodium): 
Rods 4 to 12 microns. 

Fruiting bodies: About 1 mm long, 
clumped masses with swollen upper 
surface, brain-like, violet rose,often lead- 
gray. Cysts 100 to 170 microns, without 
slime envelope. Spores 1.1 to 1.6 mi¬ 
crons. Jahn (loc. cit.) suggests that this 
may be Archangium gephyra. 

Source and habitat: Kofler (foe. cit.),on 
hare dung in the vicinity of Vienna. 

Illustrations: Kofler (loc. cit.) PI. 2, 
Figs. 7 and 8. 

7. Chondrococcus columnaris (Davis) 
Ordaland Rucker. (Bacillus columnaris 
Davis, Bull. U. S. Bur. Fisheries, S8, 
1923, IMl; Ordal and Rucker, Proc. Soc. 
Exper. Biol, and Med., 36, 1914, IS; also 
see Fish and Rucker, Trans. Amer, Fish. 
Soc., 7S, 1944 in press; Cytophaga colum¬ 
naris Garnjobst, Jour. Bact., 4*9, 1945, 
113.) 

Etymology: From Latin columnaris, 
rising in the form of a pillar. 

Vegetative cells: Flexible, weakly 


refractive, Gram-negative rods, 0.5 to 
0.7 by 4 to 8 microns. Creeping motion 
observed on solid media, and flexing 
movements in liquids. 

Spores (microcysts): 0.7 to 1.2 microns, 
spherical to ellipsoidal, occurring on 
both liquid and solid media. 

Physiology: Growth best on 0.5 to 
0.9 per cent agar with 0.25 to 0.50 per 
cent Bactotryptone at pH 7.3. Colonies 
on tryptone agar yellow, flat and irregu¬ 
lar . Edge uneven with swarming appar¬ 
ent. Gelatin liquefled rapidly. No in¬ 
dole. No reduction of nitrates. Starch, 
cellulose and agar not attacked. Sugars 
not fermented, but glucose oxidized. 

Fruiting bodies on agar not deliques¬ 
cent, and surrounded by a firm mem¬ 
brane. A peculiar type of fruiting body 
formed in liquid media. Where organ¬ 
isms are in contact with infected tissues 
or with scales, produce columnar, some¬ 
times branched, fruiting bodies in which 
typical spores (microcysts) develop in 
7 to 10 days, 

Source and habitat: First described 
as cause of bacterial disease of warm 
water fishes (Davis, loc. dt.) and later 
in fingerlings of the cold w'ater blue 
black salmon (Oncorrkynchus nerka). 
Transmissible to salmonid fishes. 


Genus III. Angiococcus Jahn. 

(Beitrage zur Protistologie. I. Die Polyangiden, Geb. Bomtraeger, Leipzig, 1924,89.) 
A segregate from Myxococcus Thaxter. 

Diagnosis: Fruiting body consisting of numerous round (disk-shaped) cysts, cyst 
wall thin, spores within. 

Etymology: Greek angion, vessel and kokkos, coccus (ball). 

The type species is Angiococcus disciformis (Thaxter) Jahn. 

Key to the species of genus Angiococcus. 

A. Cysts yellow to dark orange-yellow; disk-shaped; 35 microns in diameter. 

1. Angiococcus disciformis. 

B. Cysts colorless to yellow; round; up to 15 microns in diameter. 

2. Angiococcus cellulosum. 


1. AnglococciM ditciforinit (Thaxter) zur botanischen Protistologie. I. Die 
Jahn. (MyxAccdus disciformis Thajtter, Polyangiden, Geb. Bomtraeger, Leipsig, 
Bot., Gm., St, IWH, 412; Jahn, BeitrSge 1924,89.) 
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Etymology: Greek diakoSf a quoit, dis¬ 
cus; Latin fonnia, shape. 

Swarm stage (pseudoplasmodium): 
Rods 0.5 to 0.6 by 2 to 3 microns. 

Fruiting bodies: Cysts disk-shaped, 
<5rowded, sessile, attached by a more or 
less ragged scar-like insertion, or in 
masses. Cysts yellowish when young, 
when old dark orange-yellow, about 35 by 
10 microns. Cyst wall distinct, thin, be¬ 
coming very slightly wrinkled. Spores 
irregularly spherical, embedded in vis¬ 
cous slime, difficult to see in the ripe cyst. 

Source and habitat: Thaxter (loc. cit,), 
dung of muskrat and deer, Massachusetts 
and New Hampshire. Krzemieniewski 
(1927, loc. cii.)^ rare in Polish soils. 

Illustrations: Thaxter {loc. cii.) PI. 27, 
Figs. 19-21. Krzemieniewski Acta Soc. 
Bot. Poloniae, i, 1926, PI. II, Figs. 
21 - 22 . 

2. Angiococcus cellulosum Mishustin. 
(Microbiology, Moscow, 7, 1938, 427.) 

Etymology : Modern Latin celluloaum^ 
cellulose. 

Fruiting body: Regularly rounded (less 
frequently extended or angular), 20 to 
150 microns in diameter; yellow or pink 
in color, to drabbish when old. Encysted 
cells surrounded by a colorless cyst wall 


or envelope. Usually I to 3 short stalks 
or cystophores up to 10 microns high. 
Within outer wall are numerous cysts 
containing resting cells (spores). Cysts 
have regularly rounded form; unplg- 
mented to yellow; 5 to 15 microns in 
diameter, average 6 microns. Number 
of cysts in fruiting body increases with 
age. 

Spores: Cocci (term used is shortened 
rods) combined into globular aggrega¬ 
tions easily broken up. Size not given. 

Vegetative cells: 0.4 to 0.5 by 1.5 to 
2.0 microns. Cell contents pigmented 
gray, and of indefinite outline (?). 

Vegetative colony: Fairly rapid growth 
on cellulose with silica gel. Ck)lony has a 
yellowish cast. Reaches diameter of 
1.5 to 2.0 cm after 6 days with center 
yellowish-pink and margin tinged light 
pink. Surface moist. Fruiting bodies 
more numerous at center, but distributed 
over entire area. Fruiting bodies do not 
noticeably protrude above the surface 
of the colony. 

Physiology: Cellulose attacked but not 
completely destroyed. Lower fibers re¬ 
main intact, but on treatment with hot 
soda solution they fall apart. 

Habitat: Soils. 


Genua IV. Sporocytophaga Stonier. 

(Jour. Bact., 40,1940, 629.) 

Diagnosis: Spherical or ellipsoidal microcysts formed loosely in masses of slime 
among the vegetative cells. Fruiting bodies absent. 

Etymology: Greek aporoa seed, spore; kytoa hollow place, cell and phagein to eat. 
The type species is Sporocytophaga imjxococcoidea (Krzemieniewska) Stanier. 

Key to the apeciea of genua Sporocytophaga. 

I. Microcysts spherical. 

A. Does not utilize starch. 

1. Sporocytophaga myxococcoidea. 

B. Utilizes starch. 

2. Sporocytophaga congregata. 

II. Microcysts ellipsoidal. 

3. Sporocytophaga ellipaoapora. 
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1. Sporocytophaga myzococcoldea 

(Krzemieniewska Stanier. {Spirochaeta 
eytophaga Hutchinson and Clayton, 
Jour. Agr. Sci., 9, 1919, 150; Cyto- 
phaga myxococcMea Krzemieniewska, 
Arch. Mikrobiol., i, 1933,400; Cytophaga 
globulosa Stapp and Bortels, Cent. f. 
Bakt., II Abt., 50, 1934, 47; Cytophagct 
huichinaonii Imfienecki and Solntzeva,’ 
Bull. Acad. Sci. U.S.S.R., Ser. Biol., 
No. 6,1936,1129; not Cytophaga hutckin- 
aoni Winogradsky, Ann. Inst, Pasteur, 
iSf 1929, 578; Stanier, Jour. Bact., -fO, 
1940, 630.) 

Etymology: Modem Latin from generic 
name Myxococctia, and etdoa, like. 

Vegetative morphology: Flexible, singly 
occurring rods, 0.3 to 0.4 micron wide 
at the center, tapering to both ends. 
Length 3 to 8 microns according to 
Krzemieniewska (loc. cit.), 2.5 to 5 
microns according to Jensen (Proc. Linn. 
Soc.N.So.Wales,55,1940,547). Maybe 
straight, bent, U*shaped or S-shaped. 
Show creeping motility fStapp and 
Bortels, loc. cii.). Stain ixwrly with 
ordinary aniline dyes; with Giemsa’s 
stain, the young cells are colored uni< 
formly except for the tips. As the rods 
shorten and swell to form microcysts, the 
chromatin becomes concentrated and 
moves toward the center of the cell, 
generally in the form of two parallel 
bands (Krzemieniewska, Acta Soc. Bot. 
Pol., 7,1930,514). 

Microcysts: Spherical, 1.3 to 1,6 
microns in diameter, covered with a 
sheath of mucus. According to Krze* 
mieniewska (1930, loc. cit.), germination 
is by emergence of the shortened rod 
from the sheath, followed by elongation; 
according to Stapp and Bortels (loc. cii.) 
and Im§enecki andSolntzeva (loc. cii.), 
by a simple elongation of the entire 
microcyst. 

Growth is strictly confined to cellulose. 
On mineral salts-silica gel plates covered 
with filter paper, yellow, glistening, 
slightly mucilaginous patches are pro¬ 


duced after a few days. The color 
gradually assumes a light brownish tinge 
on aging. The filter paper in these 
regions is eventually completely dis¬ 
solved and the patches become trans¬ 
lucent. 

Aminonia, nitrate, asparagin, aspartic 
acid and peptone can serve as sources of 
nitrogen (Jensen, loc. cit.). 

Strictly aerobic. 

Optimum temperature 28 to 30^0. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes cellulose. 

2. Sporocytophaga congregata Fuller 
and Norman. (Jour. Bact., 1943, 
567.) 

Etymology: Latin congrigo, to as¬ 
semble. 

Vegetative cells are long, flexuous rods 
with pointed ends, 0.5 to 0.7 by 5.5 to 
8.0 microns. Creeping motility on solid 
surfaces. 

Spores (microcysts): Spherical, 0.7 to 
1.1 microns in diameter. Usually occur 
in localized regions within the colony. 

Growth on starch agar is smoky, later 
turning yellow. Colonies are irregularly 
round, slightly concave. Edge is smooth 
and entire at first, later becoming irregu¬ 
lar. Marginal and internal swarming 
may be prominent. The vegetative 
cells gather into groups and in these 
regions a large number of spherical 
spores are found. 

Growth on cellulose dextrin agar is 
pale; colonies are small and concave. 
Hollowing of the agar is limited to the 
area of colony growth. 

Glucose, galactose, lactose, maltose, 
sucrose, arabinose, calcium gluconate, 
starch, cellulose dextrin, pectin, and 
hemicellulose are utilized. Filter paper 
is not attacked. 

Ammonium, nitrate, and peptone are 
suitable nitrogen sources. 

Indole not formed. 

Nitrites not produced from nitrates. 
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Litmus milk: Growth but no digestion 
or curd formation. 

Highly aerobic. 

Optimum temperature 25® to 30®C. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes organic 
matter. 

3. Sporocytophaga ellipsospora (Im- 
^necki and Solntzeva) Stanier. (Cyio~ 
phaga ellipsospora Imsenccki and Solnt¬ 
zeva, Bull. Acad. Sci. U.S.S.R., Ser. 
Biol., No. 6, 1936, 1137; Stanier, Bact. 
Rev., 6, 1942, 153 and 190.) 

Etymology: Greek ellipsis, an ellipse, 
and sporos, seed. 

Vegetative morphology: Flexible, 
singly occurring rods, 0.4 micron wide 
at the center and tapering to both ends. 
Length 7.5 microns. May be straight, 


bent, U-sha|)ed, or S-shaped. Show 
creeping motility. 

Microcysts: Oval or somewhat elun 
gated, 0.9 to 1.2 by 1.5 to 1.8 microns 
Almost always situated in closely-packed 
aggregates, isolated individual micro* 
cysts rare. Germinate by elongation. 

Growth is strictly confined to cellulose. 
On mineral salts-silica gel plates covered 
with filter paper, orange, glistening, 
mucilaginous patches are produced. Ul¬ 
timately the filter paper is completely 
dissolved and the patches become trans¬ 
lucent. 

Ammonia, nitrate and peptone can 
serve as sources of nitrogen. 

Strictly aerobic. ' 

Optimum temperature 28® to 30®C. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes cellulose 
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ORDER V. SPIROCHAETALES BUCHANAN.* 

(Jour. Bact., 5, 1918, 542.) 

Slender, flexuous cell body in the form of a spiral with at least one complete turn, 
6 to 5(X) microns in length. Some forms may show an axial filament, a lateral crista 
or ridge, or transverse striations; otherwise no significant protoplasmic pattern. 
Smaller forms may have a lower refractive index than bacteria, and so living organisms 
can be seen only with dark field illumination. S(Mne forms take aniline dyes with 
difficulty. Giemsa’s stain is uniformly successful. Multiplication by transverse 
fission. No sexual cycle known. Granules formed by some species in vector hosts. 
All forms are motile. No organs of locomotion**; motility serpentine or by spinning 
on the long axis without polarity. Free-living, saprophytic and parasitic. 

Key to the families of order Splrochaetales. 

I. Spirals 30 to 500 microns in length, having definite protoplasmic structures. 

Family I. Spirockaetaceae, p. 1051. 

II. Spirals 4 to 16 microns in length, having no obvious protoplasmic structure. 

Family II. Treponemataceae, p. 1068. 

FAMILY I. SPIROCHAETACEAE SWELLENGREBEL. 

(Ann. Inst. Pa.st., ff, 1907, 581.) 

Coarse spiral organisms, 30 to 500 microns in length, having definite protoplasmic 
structures. Found in stagnant, fresh or salt water and in the intestinal tract of 
bivalve molluscs (Lamellibranchiata). 

Key to the genera of family Spirochaetaceae. 

I. No obvious periplast membrane and no cross-striations. 

Genus I. Spirochaeta, p. 1051. 

II. Periplast membrane present. Cross-striations prominent in stained specimens. 

A. Free-living in marine ooze. 

Genus II. Saprospira, p, 1064. 

B. Parasitic on lamellibranch molluscs. Crista prominent. 

Genus III. Cristispira, p. 1055. 

Genus I. Spirochaeta Ehrenberg, 

(Ehrenberg, Abhandl. Berl. Akad., 1833, 313; Spirochoela Dujardin, Hist. nat. 
ies 2iOophyteB, 1841, 209; Spirochaeie Cohn, Beitr. z. Biol, d Pflanz., 7, Heft 1,1872, 


* Originally prepared by Prof. D. H. Bergey, Philadelphia, Pa., October, 1922. 
Revised by Prof. E. G. D. Murray, McGill University, Montreal, P. Q., Canada, 
December, 1938, Further revision by Dr, G. H. Robinson, Wm. H. Singer Memorial 
Research Laboratory of the Allegheny General Hospital, Pittsburgh, Pa., September, 
1943. Appendices prepared by Mrs. Eleanore Heist Clise, Geneva, N. Y., Septem¬ 
ber, 1943. 

** Recent photographs taken with the electron microscope indicate the presence 
of structures resembling fiagella (Mudd, Polevitzky and Anderson, Jour. Bact., 4^, 
1943,15). Whether these can be considered as organs of locomotion awaits decision^ 
At present it seems best to confine descriptions of structure to features seen by use 
of the oil immersion lens. 
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180; Ehrenbergia Qieszczykiewicz, Bull. Acad. Polonaise d. Sci. et Lettres, Cl. Sci. 
Math, et Nat., S4r. B, 1939, 24.) 

Non-parasitic, with flexible, undulating body and with or without flagelliform 
tapering ends. Protoplast wound spirally around a well-defined axial filament. No 
obvious periplast membrane and no cross-striations. Motility by a creeping motion. 
Primary spiral permanent. Free-living in fresh or sea water slime, especially in the 
presence of HsS. Common in sewage and foul waters. 

The type species is Spirochaeia plicaiilis Ehrcnberg. 


of genua Splrochaeta. 


Key to the species 

I. Large spirals with rounded ends. 


II. Smaller spirals with pointed ends. 


1. Splrochaeta plicatilis Ehrenberg. 
(Ehrenberg, Die infusionstierchen, 1838, 
83; Spirillum plicaiile Dujardin, Inf us., 
I, 1841, 225; Spinilina plicaiilis Cohn, 
Nova Acta Acad. Caes. Leop. Carol., 24 , 
I, 1853, 125; Spirochaete plicaiilis Cohn, 
Beitr. z. Biol. d. Pflanz,, /, Heft 2, 1872, 
180; Spirillum portae Mantegazza, Giorn. 
let. Lomb., 5, p. 487, according to DeToni 
and Trevisan, in Saccardo, Syllogc Fungo- 
rum, 8, 1889, 1006; Spirochaeia plicaiilis 
plicatilis Zuelzer, Arch. f. Protistenk., 
24, 1912, 17; Ehrenbergia plicatilis Giesz- 
czykiewicz, Bull. Acad. Polonaise d. Sci. 
et liCttres, Cl. Sci. Math, et Nat., S^r. B, 
1939,24.) From Latin, folded. 

Cylindrical: 0.5 to 0.75 by 100 to 500 
microns, with blunt ends. 

Spiral amplitude: 2.0 microns, regular. 
Spiral depth: 1.5 microns, regular. 
Waves, several, large, inconstant, ir¬ 
regular. 

Axial filament distinct in stained speci¬ 
mens, consisting of chitin or cutin-like 
substance. Flexible, elastic. 

Divisipn transverse. 

Stains violet by Giemsa's stain and gray 
by iron-hemotoxylin. 

Cytoplasmic spirals stain with cpsin, 
rubin, etc. Contain volutin granules. 

Trypsin digestion: Axial filament re¬ 
sistant. 


1. Spirochaeia plicatilis. 

2. Spirochaeia marina. 

3. Spirochaeia eurystrepia. 

4. Spirochaeia sienosirepia. 

5. Spirochaeia daxenais. 

Bile salts (10 per cent): Becomes shad¬ 
owy, pale, but is not dissolved. 

Saponin (10 per cent); Lives 30 min¬ 
utes. Later becomes shadowy, but is not 
dissolved. 

Grows best under low oxygen tension. 

Optimum temperature 20® to 25°C. 

Habitat: Free-living in fresh or salt 
water. 

2. Splrochaeta marina Zuelzer. (Spi- 
rochaeta plicatilis marina Zuelzer, Arch, 
f. Protistenk., 24, 1912,17; Zuelzer, ibid., 
51.) From I^atin, of the sea. 

Probably a subspecies or variant of 
Spirochaeia plicaiilis. 

Cylindrical, 0.5 by 100 to 200 microns 
with blunt ends. 

Axial filament present. Flexible, 
elastic. 

Division transverse. 

Contains smaller and more irregularly 
distributed volutin granules than Spiro¬ 
chaeia plicaiilis. Cytoplasmic spirals 
stain. 

Grows best at low oxygen tension. 

Optimum temperature 20°C. 

Habitat: Sea water. 

3. Splrochaeta eurystrepta Zuelzer. 
{Spirochaeia plicatilis eurystrepia Zuel¬ 
zer, Arch. f. Protistenk., 24 ^ 1912, 17; 
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Zuelzer, ibid., 51.) From Greek, broadly 
twisted. 

Probably a subspecies or variant of 
Spirochaeta plicatilis. 

Cylindrical: 0.5 micron in thickness 
and up to 300 microns in length. 

Spiral amplitude: More shallow than 
spirals of Spirochaeta plicatilis with blunt 
ends. 

Axial filament present. Flexible, 
elastic. 

Division transverse. 

Fewer volutin granules than in Spiro¬ 
chaeta plicatilis. Cytoplasmic spirals 
stain. 

Optimum temperature 2()°C 

Habitat: Swamp water and in grossly 
polluted water containing }IS. 

4. Spirochaeta stenostrepta Zuelzer. 
(Zuelzer, Arch. f. Protistenkunde, 24> 
1912, 16; Treponema stenostrepta Ender- 
lein, Bakterien-Cyclogenie, 1925, 253.) 
From Greek, narrowly twisted. 

Cylindrical: 0.25 micron in thickness 
and 20 to 60, f)ccasionally up to 200, 
microns in length, with pointed ends. 

Spiral airiplitude very narrow with 
steep windings. 

Axial filament present. Flexible, 
elastic. 

Division transverse 

Fewer volutin granules than in Spiro¬ 
chaeta plicatilis. 

Cytoplasmic spirals stain. 

Optimum temperature 20®C. 

Habitat: Water containing HaS. 

5. Spirochaeta daxensis Cantacuzene 
(Compt. rend. Soc. Biol., Paris, 68, 
1910, 75.) Named for Dax, a watering 
place in France. 

Large spirals: 0.5 to 2.6 by 30 to 100 
microns, possessing a longitudinal chro¬ 
matin filament, and tapering at the ends. 

They are flattened and exhibit a double 
series of curls, smaller waves being super¬ 
imposed on larger undulations. 

Optimum temperature 44® to 52®C. 


Source: Found in water of hot spring of 
Dax (52® to 56®C). 

Habitat: Hot springs. 

Appendix: The following species may 
belong in this genus. Descriptions are 
usually inadequate. 

Spirochaeta agilis Adelmann. (Cent, 
f. Bakt , I Abt., Orig., 88, 1922, 413.) 
From mud from the harbor at Kiel. 
Original culture had a weak odor of hy¬ 
drogen sulfide. 

Spirochaeta aurantia Vinzont. 
(Compt. rend. Soc. Biol , Paris, 95, 1926, 
1472.) From drain water. Forms small 
yellowish-orange colonies on agar after 5 
to 8 days Shows involution forms. This 
sixicies definitely does not belong in the 
genus Spirochaeta, although it is placed 
here for the present. Its description sug¬ 
gests that it may belong among the 
vibrios. 

Spirochaeta jiexibilis Nagler. (C'ent. 
f, Bakt , I Abt., Grig., 60, 1909, 445.) 

From the mud of a lake 

« 

Spirochaeta fulffurans Dobell. (Arch, 
f. Protistenk , 26, 1912, 117.) From 
water of the river Grauta at Cambridge. 
May be a {synonym of Spirochaeta steno- 
strepta. 

Spirochaeta yiyantea Warming. 
(Warming, \'idenskabl Meddel. Xaturh 
Foren., Copenhagen, 1875, 70; Spii'illnm 
yiganteum Trevisan, I generi o le sjKjcie 
delle Batteriacee, 1880, 24; not Spirillum 
giyanleum Migiila, Syst d. Bakt , 2, 1900, 
1025.) Large, 3 microns in diameter. 
Inadequately described and possibly not 
a spirochaete. 

Spirochaeta graminca Zuelzer. (Zuel¬ 
zer, 1025, in Prowazok, Handb. d. path. 
Protoz., S, 1931,1670.) From an infusion 
of herbs. Size 0.25 by 1(X) microns. 
From rivers and marshes where it digests 
cellulose. 

Spirochaeta yraminca marina Zuelzer. 
(Cent f. Bakt., I Abt., Grig., 96, 1925, 
426.) From sea water. 

Spirochaeta icterogenes marina Zuelzer. 
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(Cent. f. Bakt., I Abt., Orig., 96, 1925, 
426.) From sea water. 

Spirochaeta minima Dobell. (Dobell, 
Arch. f. Protistenk., 26, 1912, 117; not 
Spirochaeta minima Pettit, Contribution 
A Pfitude des Spiroch(5tidds, Vanvcs, II, 
1928, 187 (Treponema minimum Beaure- 
paire>Aragaoand Vianna, Alem. Inst. Os- 
waldo Cruz, 5, 1913, 211).) One of the 
smallest known Spirochaeta, 0.5 by 2.0 to 
2.5 microns. From water of the river 
Granta at Cambridge. Similar to Spiro¬ 
chaeta fulgurans. 

Spirochaeta vivax (Dobell) Zuelzer. 
(Treponema vivax Dobell, Arch. f. Pro¬ 
tistenk., 26, 1912, 117; Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., 3, 


1931, 1669.) From fresh water of the 
river Granta at Cambridge. 

Spirochaete kuchii Trevisan. (Spiro- 
ehaete des Wollsteiner See, Koch, in 
Cohn, Beitr. z. Biol. d. Pflanzen, 2, Heft 
3,1877, 420; Trevisiui, Batter. Ital., 1879, 
26; Spirillum kochii Trevisiin, I generi e 
le specie delle Batteriaeeo, 1889 , 24.) 
From water 

Spirochaete schroeteri Cohn. (Jahres- 
ber. d. Schles. Gesellch. f. 1883, 198; 
quoted from Schroeter, in Cohn, Kryp- 
tog. Flora v. Sehlesien, 3, 1, 1889, 168; 
Spirillum schroeteri Cohn, quoted from 
DcToni and Trevisan, in Saceardo, Syl- 
loge Fungorum, 8, 1889,1007.) Similar to 
Spirochaete cohnii. From cellar walls. 


Genus II. Saprospira Gross. 

(Mittheil. Zool. Stat. zu Neapel, 20, 1911, 190.) 

Spiral protoplasm without evident axial filament. Spirals rather shallow. Trans¬ 
verse markings or septa (?) seen in unstained and stained sijecimens. Periplast 
membrane distinct. Motility active and rotating. Free-living in marine ooze. 
The type species is Saprospira grandis Gross. 


1. Saprospira grandis Gross. (Mit- 
teil. 2jOoI. Station zu Neapel, 20, 1911, 
190.) From Latin, great. 

Cylindrical, 1.2 by 80 microns in 
length, with obtuse ends. 

Spiral amplitude is 24 microns. 

Waves large, inconstant, shallow, ir¬ 
regular, 3 to 5 in number, sometimes al¬ 
most straight. 

Axial filament absent. 

Cross-striations present. 

Membrane distinct. 

Division transverse. 

Flexible, elastic. 

Crista absent. 

Terminal spiral filament absent. 
Highly motile end portion absent. 
Trypsin digestion. 

Source: Found in intestinal tract of the 
oyster. 

Habitat: Free-living in foraminiferous 

sand. 

2. Saprospira puncta Dimitroff. 


(.Jour. Bact., 12, 1926,146.) From Latin, 
pitted. 

Large spirals: 1.0 by 86 microns with 
pointed ends. 

The spiral amplitude is 4 to 8 microns. 

The average number of turns is 3. 

Axial filament absent. 

Cross-striations present. 

Membrane distinct. 

Division transverse. 

Source : Found in oysters. 

3. Saprospira lepta Dimitroff. (Jour. 
Bact., 12, 1926,144.) From I^atin, small. 

Large spirals: 0.5 by 70.0 microns, with 
pointed ends. 

The spiral amplitude ranges from 5 to 
13 microns. 

The spiral width varies from 1.6 to 4.8 
microns. 

The average number of turns is 6. 

Axial filament absent. 

Cross-striations present. 
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Membrane distinct. 

Division transverse. 

Source: Found in oysters in Baltimore, 
Maryland. 

Appendix: The following species have 
been placed in this genus. 


Saprospira Jlexuosa Dobell. (Arch. f. 
Protistenk., 26 j 1912,117.) Isolated once 
from water of the river Granta at Cam> 
bridge. 

Saproapira nana Gross. (Mittheil. 
Zool. Sta. zu Neapel, 20, 1911, 188.) 
From foraminiferous sand. 


Oenua III. Cristlspira Groaa. 

(Mittheil. Zool. Stat. zu Neapel, 20, 1910, 41.) 

Flexuous cell bodies in coarse spirals, 28 to 120 microns in length. Characterised 
by a crista or thin membrane of varying prominence on one side of the body extend¬ 
ing the entire length of the organism. Cross-striations. Actively motile. Found 
in the intestinal tract Of molluscs. 

The type species is Criatiapira halhianti (Certes) Gross. 


1. Cristlspira balbianii (Certes) Gross. 
{Trypanosoma balbianii Certes, Bull, 
^c. Zool. de France, 7, 1882, 347; Spiro- 
chaeta balbianii Swellengrebel, Ann. Inst. 
Past., 21, 1907, 562; Spirochaeie balbianii 
Borrel and Cernovodeanu, Compt. rend. 
Soc. Biol., Paris, 62, 1907, 1102; Grpss, 
Cent. f. Bakt., I Abt., On^.,66, 1912,90.) 

Cylindrical: 1.0 to 3.0 by 40 to 120 
microns, with obtuse ends. 

Spiral amplitude is 8 microns. Spiral 
depth is 1.6 microns. Waves 2 to 5, 
sometimes more, large, irregular, 
shallow. 

Axial filament absent. 

Cross-striations present. 

Membrane distinct. 

Flexible, elastic. 

Crista present, a ridge-like membrane 
making one to two complete turns. 

Terminal spiral filament absent. 
Highly motile end portion absent. 

Stains: Cell membrane behaves like 
chitin or cutin substance. Stains violet 
by Giemsa’s solution, and light gray by 
iron-hemotoxylin. 

Trypsin digestion: Membrane resist¬ 
ant, crista and striations disappear. 

Bile salt (10 per cent): Crista quickly 
dissolves. 

Saponin (10 per cent): Crista becomes 
fibrillar, then indistinct. 


Source: From the crystalline style of 
oysters. 

Habitat: Parasitic in alimentary tract 
of shell-fish. 

2. Cristlspira anodontae (Keysselitz) 
Gross. {Spirochaeta anodontae Keysse¬ 
litz, Arb. a. d. kaiserl. Gesundheitsamte, 

1906,566; Gross, Cent. f.Bakt., I Abt., 
Orig., 66, 1912, 900.) From M.L., mus¬ 
sels. 

0.8 to 1.2 by 44 to 88 microns with 
sharply pointed ends; flattened and 
|K)ssessing an undulating membrane. 
The periplast is fibrillar in appearance 
and there is a dark granule at each end 
of the undulating membrane. The chro¬ 
matin material is distributed in the form 
of globules or elongated bands. 

Large spirals: The average width of the 
spiral is 2 microns. The average wave 
length is 8 microns. 

The number of complete turns ranges 
from 5 to 11. 

Habitat: Found in the crystalline style 
of fresh water mussels, Anodonta cygnea 
and A. mutahilia, also in intestinal tract 
of oysters. 

3. Cristlspira pinnae (Gonder) Bergey 
et al. {Spirochaeie pinnae Gonder, Cent. 
f. Bakt., I Abt., Orig., 47, 1908, 491; 
Spirochaeta pinnae Schellack, Arb. a. d. 
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kaiserl. Gesundheitsamte, SO, 1909, 379; 
Bergey et al., Manual, 1st ed., 1923,423.) 
From Latin, of a mussel. 

Spirals: 0.5 to 3.0 by 10 to 60 microns, 
round in section with blunt ends, the 
one being slightly more |X)inted than the 
other. 

They have a ridge or comb running 
along one side but no terminal filaments. 

Cross-striations distinct. 

The chronxatin granules arc grouped 
in fours. 

An undulating membrane can be dcm< 
onstrated. 

Source: Found in the intestinal canal 
of the scallop (Pecten jacobaeiLs), 

Habitat: From the crystalline style of 
molluscs. 

Appendix : Additional species which ap¬ 
pear to belong in this genus are: 

Cristispira acuminata (Schellack) 
Ford. {Spirochaeta acuminata Schel¬ 
lack, Arb. kais. Gesundheitsamte, SO, 
1909, 379; not Spirochaeta acuminata 
Castellani, Brit. Med. Jour., S, 1905, 
1330; Ford, Textb. of Bact., 1927, 939.) 
From the crystalline style of a mollusc, 
Tapes laeta. 

Cristispira cardii-papillosi (Schellack) 
Ford. {Spirochaeta cardii-papillosi 
Schellack, Arb. kais. Gesundheitsamte, 
SO, 1909, 379; Ford, Textb. of Bact., 1927, 

939. ) From the crystalline style of a 
mollusc, Cardium papillosum. 

Cristispira chamae (Schellack) Nogu¬ 
chi. {Spirochaeta chamae Schellack, 
Arb. kais. Gesundheitsamte, SO, 1909, 
379; Noguchi, Jour. Exp. Med., S7, 1918, 
583.) From the crystalline styles of 
molluscs, Chama spp. 

Cristispira gastrochaenae (Schellack) 
Ford. {Spirochaeta gastrochaenae Schel¬ 
lack, Arb. kais. Gesundheitsamte, SO, 
1909, 379; Ford, Textb. of Bact., 1927, 

940. ) From a shellfish, Gastrochaena 
dubia. Constant length 29 microns. 

Cristispira helgolandica Collier. 
(Cent. f. Bakt., I Abt., Grig., 86, 1921, 
132.) Found three times in the body 


fluid of an cchinoderm, Asterias rubens, 
in the North sea. Average length 68 
microns. Named for the place where the 
investigation was made (Helgoland). 

Cristispira interrogationis Gross. (Mit- 
theil. Zool. Station zu Neapel, 20, 1910, 
41.) From the intestinal canal of the 
scallop, Pecten jacohaeus. 

Cristispira limac (Schellack) Ford. 
{Spirochaeta limac Schellack, Arb. kais. 
Gesundheitsamte, 30, 1909, 379; Ford, 
Textb. of Bact., 1927, 939.) Fropi the 
crystalline styles of molluscs, JAma spp. 
Similar to Cristispira balbianii. 

Cristispira maclrnc (Prowazek) Ford. 
(Spirochaeta mactroe Prowazek, Arch. f. 
Schiffs- u. Tropenhyg., 19^0, 297; 
Ford, Textb. of Bactl, 1927, 940.) From 
the digestive tract of a shellfish, Mactra 
sulcalaria. 

Cristispira mina DimitrofT. (Jour. 
Bact., 12, 1926, 169.) Found in oysters. 

Cristispira modiolac (Schellack) Nogu¬ 
chi. (Spirochaeta modiolae Schellack, 
Arb. kais. Gesundheitsamte,30,1909,379; 
Noguchi, Jour. Exp. Med., 27, 1918, 683.) 
Found in mussels and oysters. 

Cristispira ostreac (Schellack) Nogu¬ 
chi. (Spirochaeta osireae Schellack, Arb. 
kais. Gesundheitsamte, SO, 1909, 379; 
Noguchi, Jour. Exp. Med , 27, 1918, 583.) 
From the crystalline style of the oyster, 
Ostrea edulis. Identical with Cristispira 
anodontac Gross. 

Cristispira pachelabrae de Mello. 
(Compt. rend. Soc. Biol., Paris, 84, 1921, 
241.) From the digestive tract of a shell¬ 
fish, Pachelabra moestra. 

Cristispira parvula Dobell. (Arch. f. 
Protistenk., 26, 1912, 117.) From the 
crystalline style of a mollusc, Venus 
(Meretrix) castra, in Ceylon. The small¬ 
est Cristispira known—0.4 to 0.5 by 20 to 
45 microns. 

Cristispira pectinis Gross. (Mittheil. 
Zool. Sta. zu Neapel, ^0,1910,41.) From 
the digestive tract of a scallop, Pecten 
jacobaeus. Identical with Cristispira 
balbianii Gross. 

Cristispira polydorae Mesnil and Caul- 
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lery. (Compt. rend. Soc. Biol., Paris, 
79f 1916, 1118; Cristispirella polydorae 
Hollande, Compt. rend. Acad. Sci. Paris, 
172 1 1921,1696). From a marine annelid, 
Polydora flava, 

Cristispira pusilla (Schellack) Ford. 
{Spirochaeia pusilla Schellack, Arb. kais. 
Gesundheitsamte, SO, 1909, 379; Ford, 
Textb. of Bact., 1927, 940.) From the 
digestive tract of a mussel, Anodonla 
mutabilis. 

Cristispira saxicavae (Schellack) Ford 
{Spirochaeia saxicavae Schellack, Arb. 
kais. Gesundheitsamte, SO, 1009, 379; 
Ford, Textb. of Bact., 1927, 940.) • From 
the crystalline style of a mollusc, Saxi- 
cava arciica, 

Crisiispira spiculifera (Schellack) Di- 
mitroff. {Spirochaeia spiculifera Schel¬ 
lack, Arb. kais. Gesundheitaamle, SO, 
1909, 379; DimilrofT, Jour. Bact., 12, 
1926, 157.) Found in mussels 

Cristispira tapetos (Schellack) Gross. 
{Spirochaeia lapetos Schellack, Arb. 


kais. Gesundheitsamte, SO, 1909, 379; 
Gross, Cent. f. Bakt., I Abt., Orig., 6S, 
1912, 84.) From the crystalline style of 
a mollusc. Tapes decussala. 

Cristispira tenua Dimitroff. (Jour. 
Bact., 12, 1926, 160.) Found in oysters. 

Cristispira veneris Dobell. (Quart. 
Jour. Microsc. Sci., London, 54, 1910- 
1911, 507 and ibid., 66, 1911, Part 3.) 
From a clam, Venus {Meretrix) caslra, in 
Ceylon. Identical with Cristispira bah 
hianii Gross. 

Cristispirella caviae Hollande. 
(Compt. rend. Acad. Sci., Paris, 172y 
1921, 16*^3 ) From the intestine of a 
guinea pig Probably a protozoan. Evi¬ 
dently the same as Heliconema (see ap¬ 
pendix to Borrelia). Both Crislispirilla 
polydot ae and Cristispirella caviae have 
characteristics at variance with accepted 
ideas of spirochaetes. 

Spirochaeia solenis Fantham. (Ann. 
Trop. Med. and Parositol., 5,1911, 479.) 
A parasite of a mollusc, Solen ensis. 
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FAMILY II. TREPONEMATACEAE SCHAUDINN. 

(Deutsche med. Wochnschr., 5/, 1906, 1728.) 

(]k)arse or slender spirals, 4 to 16 microns in length; longer forms due to incomplete 
or delayed division. Protoplasm with no obvious structural features. Some may 
show terminal filaments. Spirals regular or irregular, flexible or comparatively rigid. 
Some visible only with dark field illumination. Parasitic on vertebrates with few 
exceptions. Some pathogenic. Many can be cultivated. 

Key to the genera of family Treponemataceae. 

I. Stains easily with ordinary aniline dyes. 

Genus I. Borrelia^ p. 1058. 

II. Stain with difficulty except with Giemsa’s stain and silver impregnation. 

A. Strict anaerobes. 

Geifiis II. Treponema, p. 1071. 

B. Aerobes. 

Genus III. Leptospira, p. 1076. 

Genus /. Borrelia* Swellengrehel. 

(Swellengrebel, Ann. Inst. Past., Bl, 1907, 582; Spiroschaudinnia Sambon, in Man- 
son, Tropical Diseases, August, 1907, 833; Cacospira Enderlein, Sitzber. Ges. Naturf. 
Freunde, Berlin, 1917, 309; Entomospira Enderlein, %hid.\ Spironema Bergey et al., 
Manual, 1st ed., 1923, 424; not Spironema Vuillemin, Ck)mpt. rend. Acad. Sci. Paris, 
140, 1905, 1567; Sjnrochaeta Gieszczykiewicz, Bull. Acad*. Polonaise d. Sci. et Lettres, 
Cl. Sci. Math, et Nat., S6t. B, 1939, 24.) 

Length 8 to 16 microns. Coarse, shallow, irregular, with a few obtuse angled spirals. 
Generally taper terminally into fine filaments. Stain easily with ordinary aniline 
dyes. Refractive index approximately the same as that of true bacteria. Parasitic 
upon many forms of animal life. Some are pathogenic for man, other mammals and 
birds. Generally hematophytes are found on mucous membranes. Some are trans¬ 
mitted by the bites of arthropods. 

The type species is Borrelia anserina (Sakharoff) Bergey et al. 


1. Borrelia anserina (Sakharoff) Ber¬ 
gey et al. (Spirochaeia anserina Sak¬ 
haroff, Ann. Inst. Past., 3, 1891, 564; 
Spirillum anserum (sic) Sternberg, Man. 
of Bact., 1893, 499; Spirillum anserinum 
Mac4, Traits Pratique de Bact., 4th ed., 
1901, 1060; Spirochaete anserina Mac4, 
ibid.; Spiroschaudinnia anserina Cas- 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 403; Spironema anserina 
Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Beiigey et al.. Manual, 2nd ed., 1925,435; 
Treponema anserina Noguchi, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928, 456.) From Latin, per¬ 
taining to geese. 


Synonyms: Spirochaeta marchouxi 
Nuttall, Epidemiol. Soc., London, 24, 
1904, 12 (Spirille de la poule, Marchoux 
and Salimbeni, Ann. Inst. Past., 17, 1903, 
569; Spirochaeta gallinarum Stephens 
and Christopher, Practical Study of Ma¬ 
laria and Other Blood Parasites, Liver¬ 
pool, 1905; Borrelia gallinarum Swellen¬ 
grebel, Ann. Inst. Past., 21, 1907, 623; 
Spirochaete gallinarum Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2, 1907, 
623; Spironema gallinarum Gross, Cent, f. 
Bakt., I Abt., prig., 66, 1912, 92; Spiro- 
schaudinnia marchouxi Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913, 403; Spironema marchouxi Ford, 


•Further revision of the genus by Prof. E. G. D. Murray, McGillUniv., Montreal, 
F. Q., Canada, April. 1947. Reviewed by Dr. Gordon E. Davis, Rocky Mountain 

* •cr.,«5U^« Mftntunji.. 
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Textb. of Bact., 1927, 956; Spirochaeta 
gcUlifide Ford, idettif Treponemo, gollin- 
arum Noguchi, in Jordan and Falk, Newer 
Knowledge Bact. and Immun., 1928, 461; 
Treponema marchouxi Gay et al., Agents 
of Disease and Host Resistance, 1935, 
1077). The cause of septicaemia in 
chickens. 

Spirochaeta granulosa penetrans Bal¬ 
four, Jour. Trop. Med. and Hyg., 10, 1907, 
153 (Spiroschaudinnia granulosa Balfour, 
Jour. Trop. Veter., Calcutta, 5, 1910,309; 
Spironema granulosa Ford, Textb. of 
Bact., 1927, 957). From spirochetosis of 
fowls in Sudan. 

Spirochaeta nicollei Brumpt, Bull. Soc 
Path. Exot., 2, 1909 , 285 and/or Prdcis 
de Parasitol., Paris, 1st cd., 1910 (Galli- 
Valerio, Cent. f. Bakt., I Abt., Grig., 
60, 1909, 189 and 61, 1912, 52t); Spironema 
nicollei Ford, Textb. of Bact., 1927, 958; 
Treponema nicollei Gay ei al., Agents of 
disease and Host Resistance, 1935, 1077) 
From spirochetosis of geese in Tunisia 

Spirochaeta neveuxi Brumpt, Bull Hoc. 
Path. E.xot., 2, 1909, 285 {Spiroschaudtn- 
nia neveuzii Castellan! and Chalmers, 
Man. Trop. Med., 2nd cd., 1013, 404; 
Spironema neveuxi Ford, Textb. of Bact., 
1927, 958; Treponema neveuxi Gay et al.. 
Agents of Disease and Host Resistance, 
1935, 1077). The cause of fowl spiroche- 
tosis in Senegal. 

Spirochaeta gallinarum var. hereditaria 
Neumann and Mayer, in Lehmann, 
Med. Atlanten, 11, 1914, 276. A North 
African strain of fowl spirochetosis. 

Borrelia pullorum Redowitz, Amcr. 
Jour. Med. Technol., 2, 1936, 91. From 
diseased chickens. 

Spirochaeta anatis Parrot, Bull. Soc. 
Path. E.xot., IS, 1020, 647. Pathogenic 
for domestic ducks in Algeria. 

Morphology: 0.25 to 0.3 by 8 to 20 
microns, averaging about 1 spiral per 
micron. 

Actively motile, with lashing move¬ 
ments. 

Stains readily with aniline dyes and 
Qiemsa’s stain. 


Cultivation: Can be cultivated in 
Noguchi's ascitic fluid-rabbit kidney 
* medium. 

Immunology: Antigcnically distinct 
from species found in mammals. 

Arthropod vectors: Transmitted by the 
bites of ticks (Argas pcrsicus, A. minia- 
tus. A/reflexus and Ornithodoros won- 
hata.) 

Pathogenic for birds but not for mam¬ 
mals. 

Source: From blood of infected geese, 
ducks, fowls and vector ticks. 

Habitat The cause of spirochetosis of 
fowls. 

2. Borreliarecurrentis (I^bert) Bergey 
ct al. (Obermeier, Berlin, klin. Woch- 
schr., 1873,152; Protomycetum recurrentis 
licbert, Ziemssen's Handbuch, 2, 1874, 
267; Spirochaete obermeieri Cohn, Beitr. 
z. Biol. d. Pflanzen, 1, Heft 3, 1875, 196; 
Spirillum obermeieri Zopf, Die Spalt- 
pilzc, 3 Autt , 1885, 71; Spirochaeta ober¬ 
meieri Migula, in Engler and Prantl, Die 
naturl. Pflanzenfam., 1, la, 1895, 35; 
Spirochaete recurrentis Jjehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2, 1907, 
621; Spirochaeta recurrentis Castellani 
and Chalmers, Man. Trop. Med., 1st ed., 
1910, 305; Spironema recurrentis Gross, 
Cent. f. Bakt., I Abt., Grig., 66, 1912, 85; 
Spiroschaudinnia recurrentis Castellani 
and Chalmers, Man. Trop. Med., 2nd ed., 
1913, Spironema obermeieri Park and 
Williams, Pathogenic Microtirganisms, 
6th ed., 1917, 513; Cacospira recurrentis 
Elide rlein, Sitzungsber. d. Gosellsch. 
naturf. Freunde, 1917, Treponema re- 
currentis Brumpt, Nouveau Traite de 
MMecine, Paris, 4, 1922, 508; Treponema 
obermeieri Brumpt, ibid.; Cacospira ober¬ 
meieri Enderlein, Baktcrien-Cyclogcnie, 
1925, 254; Bergcy et al.. Manual, 2nd ed., 
1925, 433; Spirillum recurrentis Ford, 
Textb. of Bact., 1927,948; Spiroschaudin¬ 
nia obermeieri Ford, ibid.) From Latin, 
recurring. 

Cylindrical or slightly tlatteneii, 0.35 
to 0.5 by 8 to 16 microns, with pointed 
ends. 
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Spiral amplitude 1.5 microns. 

Spirals large, wavy, inconstant, about 
5 in number. 

Terminal finely spiral filaments 
present. 

Highly motile end portion absent. 

Motility: By active cork-screw motion 
without polarity. Lashing movements 
common in drawn blood. 

Stains with common aniline dyes. 
Gram-negative. Violet with Giemsa’s 
stain. 

Bile salts (10 per cent): Disintegration 
complete. 

Saponin (10 per cent): Immobilized in 
30 minutes, then broken up in a few hours. 
In some a skeletal structure remains. 

Cultivation: Can be cultured in ascitic 
or hydrocoel fluid to which a piece of 
sterile rabbit kidney is added. Optimum 
reaction pH 7.2 to 7.4. 

Immunology: Serum does not agglu¬ 
tinate Borrelia duitoni. 

Accidental and experimental transmis¬ 
sion by conjunctival sac and skin abra¬ 
sions. 

Disease in experimental animals (small 
rodents after monkey passage) mild. 

Arthropod vector: Louse {PedicvluB 
humanus) which exhibits normal trans¬ 
mission from the 16th to the 28th day. 
Found in the bed-bug {Cimex lectvlariuB) 
and ticks, but not transmitted by them. 
No evidence of hereditary transmission 
in the louse. 

Habitat: The cause of European re¬ 
lapsing fever. Transmissible to man, 
monkeys, mice and rats. 

3. Borrelia duttonii (Breinl) Bergey 
et al. (Dutton and Todd, Brit. Med. 
Jour., £, 1905, 1259; Spirochaeia dutioni 
Breinl, Lancet, F, 1906, 1690; Spirillum 
dviUmi Novy and Knapp, Jour. Inf. Dis., 
5, 1906, 296; see Dutton and Todd, Jour. 
Trop. Med., iO, 1907, 385; Spirochaete 
duttoni Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., F, 1907, 623; Spironema 
duttoni Gross, Cent. f. Bakt., I Abt., 
Orig., 66, 1912, 94; Spirochaeia Micro- 


epironema duttoni Duboscq and Lebailly, 
Compt. rend. Acad. Sci., 164, 1912, 662; 
Spiroschaudinnia duttoni Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913, 399; Treponema duttoni Brumpt, 
Nouveau Trait4 de M5decine, Paris, 4, 
1922, 497; Cacospira duttoni Enderlein, 
Bakterien-Cyclogenie, 1925, 254; Bergey 
et al., Manual, 2nd ed., 1925, 434.) 
Named for Dutton, who discovered this 
organism. 

Morphology: Similar to Borrelia recur- 
rentie. 

Cultivation: Growth occurs under 
anaerobic conditions in serum water, 
hydrocoel or ascitic fluid to which a piece 
of sterile rabbit kidney is added. 

Immunology: This organism is anti- 
genically distinct from other causes of 
relapsing fever. 

Pathogenic for mice and rats. Disease 
in small rodents and many other experi¬ 
mental animals very severe. 

Arthropod vector: This species is 
transmitted to man through the bite of 
the tick {Omithodoroe mouhata) by fecal 
contamination of the bite, tn the tick 
the organism goes through some granula¬ 
tion or fragmentation phenomenon, the 
nature of which is not understood. 
Hereditary transmission to at least the 
third generation of the tick. Not trans¬ 
mitted by the louse. 

Habitat: The cause of Centrid and 
South African relapsing fever. 

4. Borrelia kochi}’ (Novy) Bergey et al. 
(Spirochaeia kochi Novy, Proc. Path. Soc. 
Philadel., N. S. 10, 1907, 1; Spirochaeia 
roesi Nuttall, Jour. Hoy, Inst. Pub. 
Health, London, 16, 1908, 385; Spiro- 
achaudinnia roaaii Castellani and Chal¬ 
mers, Man. Trop. Med., 2nd ed., 1913, 
400; Spironema kochii Noguchi, Jour. 
Exp. Med., 27, 1918, 584; Treponema 
kochi Brumpt, Nouveau Traits de M5de- 
cine, Paris, 4i 1922,497; Treponema roaai 
Brumpt, ibid.; Bergey et al.. Manual, 
2nd ed., 1925, 434; Borrelia roaH Stein- 
haus. Insect Microbiology, 1946, 452.) 
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Named for Koch, who first observed 
spirochetes in East African relapsing 
fever. 

Morphology: Similar to that of Borr^lia 
recurrentis. 

Cultivation: Same as for Borrelia re- 
curreniia. 

Immunology: Antigenically distinct 
from both Borrelia recurreniie and B, 
duttonii. 

Pathogenic for mice and rats. 

Arthropod vector: No record. 

Habitat: The cause of African relapsing 
fever. 

5. Borrelia novyi (Schellack) Bergey 
et al. (Spirochaete from relapsing fever, 
Norris, Pappenheimer and Flournoy, 
Jour. Inf. Dis., 5, 1906, 266; Spirochaeta 
novyi Schellack, Arb. kaiserl Oesund* 
heitsamte, 27^ 1907, 199 and 364; Spiro- 
nema novyi Gross, Archiv f. Protistenk., 

1912, 116; Spiroechavdinma novyi 
Castellani and Chalmers, Man. Trop. 
Med., 2nd ed., 1913, 400; Treponema 
novyi Brumpt, Nouveau Traits de M6de- 
cine, Paris, 4, 1922, 508; Cacosptra novyi 
Enderlein, Bakterien-Cyclogenie, 1925, 
254; Bergey et al., Manual, 2nd ed., 1925, 
434.) Named for Novy, the American 
bacteriologist. 

Morphology: Similar to that of Borrelia 
recurreniis. 

Cultivation: Same as for Borrelia re- 
currentia. 

Immunology: Antigenically distinct 
from other relapsing fever organisms. 

Pathogenic for monkeys, white rats 
and white mice. 

Arthropod vector: Unknown. 

Habitat: Recovered from a patient in 
Bellevue Hospital, New York. Origin 
of infection unknown. 

6. Borrelia berbera (Sergent and Fo¬ 
ley) Bergey et al. {Spirochaeta berbera 
Sergent and Foley, Ann. Inst. Past., 24 , 
1910, 337; Spiroachaudinnia berbera Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 402; Spironema berbera 


Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Spirochaeta berbera Kolle and Hetsch, 
Exper. Bakt. u. Infekt., 6 Aufl., 1, 1922, 
811; Treponema berberum Brumpt, Nou¬ 
veau Trait4 de M4decine, Paris, 4, 1922, 
496; Bergey et al., Manual, 2nd ed., 1925, 
435.) Named for the Berbers, a tribe of 
Northern Africa. 

Morphology: More tenuous than other 
relapsing fever organisms, 0.2 to 0.3 by 
12 to 24 microns. 

Cultivation: No record of its cultiva¬ 
tion. 

Immunology: Antigenically distinct 
from Borrelia recurrentia. 

Arthropod vector: Possibly carried by 
the louse (Pediculua veatimenti). 

Source: Found in cases of relapsing 
fever in Algiers, Tunis and Tripoli. 

Habitat: Cause of relapsing fever in 
North Africa. Is virulent for monkeys. 
Produces non-fatal infections in rats and 
mice. 

7. Borrelia carter! (Mackie) Bergey et 
al. {Spirochaeta carteri Mackie, Ann. 
Trop. Med. and Parasitol., /, 1907, 157 
and Indian Med. Gazette, 44i 1908, 370; 
Spirillum carteri Mackie, Lancet, 2, 1907, 
832, according to Ford, Textb. of Bact., 
1927, 950; Spiroachaudinnia carteri Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 401; Spironema carteri 
Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Treponema carteri Brumpt, Nouveau 
Traits de M4decine, Paris, 4» 1922, 497; 
Bergey et al.. Manual, 2nd ed., 1925, 
435.) Named for Carter, who in 1879 
described this organism in the blood of 
patients with Indian relapsing fever. 

Morphology: Similar to Borrelia ber¬ 
bera. 

Cultivation: Not recorded. 

Immunology: Probably a distinct spe¬ 
cies. A succession of distinct serological 
types occurs with the relapses in a single 
infection (Cunningham et al.. Far East¬ 
ern Association of Tropical Medicine, 
Tokyo, 1925; Indian Journal of Medical 
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Research^ $9, 1934~1935| 105 and 595; 
ibid., 1937,571 and 581). 

Arthropod vector: Carried by either 
FedictUua vestimenti or Cimex rotundatus 
or by both. 

Habitat: The cause of Indian relapsing 
fever. Transmissible to monkeys, rab¬ 
bits, rats and mice. 

8. Borrelia theileri (Laveran) Bergey 
et al. (Spirochaeta theileri Laveran, 
Compt. rend. Acad. Sci., Paris, 1S6, 
1903, 939; Spiroachaudinnia theileri Cas- 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 404; Spironema theileri 
Noguchi, Jour. Exp. Med., f7, 1918, 584; 
Bergey et al., Manual, 2nd ed., 1925, 435; 
Spirillum theileri and Spirochaete theileri 
Pettit, Contribution h Pfitude des Spiro- 
chdtid^s, Vanves, II, 1928; Treponema 
theileri Noguchi, in Jordan and Falk, 
Newer Knowledge Bact. and Immun., 
1928, 461.) Named for Theiler, who 
discovered this organism in 1902 in 
Transvaal, South Africa. 

Morphology: 0.25 to 0.3 micron by 20 
to 30 microns with pointed ends. 

Cultivation: No record. 

Immunology: Is distinct from the spe¬ 
cies infecting man. 

Arthropod vector: Transmitted by the 
tick (Rhipicephalus decoloratus). 

Source: Blood of cattle. 

Habitat: Blood of cattle and other 
manunals in South Africa. 

9. Borrelia glossinae (Novy and 
Knapp) Bergey et al. (Spirillum glossi¬ 
nae Novy and Knapp, Jour. Inf. Dis., S, 
1906, 385; Spirochaeta glossinae Cas- 
tellani and Chalmers, Man. Trop. Med., 
1st ed., 1910, 310; Spiroschaudinnia 
glossinae Castellani and Chalmers, ibid., 
3rd ed., 1919, 454; Spironema glossinae 
Bergey et al.. Manual, 1st ed., 1923 , 425; 
Bergey et al., Manual, 2nd ed., 1925, 435; 
Entomospira glossinae Enderlein, Bak- 
terien-Cyclogenie, 1925, 254; Treponema 
glossinae Ford, Textb. of Bact., 1927, 


988.) Named for the genus of insects, 
Olossina. 

Morphology: 0.2 by 8.0 microns, oc¬ 
curring singly, sometimes in pairs. Gen¬ 
erally 4 spirals. Shorter, narrower and 
has more turns than has Borrelia recur- 
rentis. 

Habitat: Found in the stomach con¬ 
sents of the tse-tse fly (Glossina pal- 
palis). 

10. Bortelia buccale (Steinberg) 
Brumpt. (Spirochaeta buccalis Stein¬ 
berg, 1862, according to Hoffmann and 
Prowazek, Cent. f. Bakt., I Abt., Orig., 
41, 1906, S19; Spirochaete cohnii Winter, 
Die Pilze, 1879, 61; (?) Microspira buc¬ 
calis I^ewis, The Tj^ncet, 1884, quoted 
from Schroeter, in Cohn, Kryptog. Flora 
v. Schlesien, S, 1, 1889, 169; Spirochaete 
buccalis, quoted from Schroeter, ibid., 
168; Spirillum cohnii Trevisan, I generi 
e le specie delle Batteriacoe, 1889 , 24; 
Spirillum buccale Mac6, Traits Pratique 
de Bact., 4th ed., 1901, 1062; Spirochaeta 
inaequalis Gerber, Cent. f. Bakt., I Abt., 
Grig,, 66, 1910, 508; Spirochaeta undu- 
lata Gerber, idem\ Treponema buccale 
Dobell, Arch. f. Protistenk., 26, 1912, 
117; Spironema buccale Gross, Cent. f. 
Bakt., I Abt., Grig., 65, 1912, 84; Spiro¬ 
schaudinnia buccalis Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
450; Brumpt, Nouveau Traits de M^de- 
cine, Paris, 4, 1922, 495; Treponema in- 
aequale Brumpt, ibid.; Treponema un- 
dulatum Brumpt, ibid., 514.) From 
Latin buccalis, buccal. 

Morphology: 0.4 to 0.9 by 7 to 20 mi¬ 
crons. The largest of the mouth spiro¬ 
chetes. 

Motility: Active, serpentine, rotating 
and flexuous. 

Staining: Stains with aniline dyes and 
is violet with Giemsa^s stain. 

Cultivation: Has not been obtained in 
pure culture and probably does not grow 
in any medium tried to date. 

Habitat: In normal mouths and invades 
formed lesions of the respiratory mucous 
membrane. 
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11. Borrellavlncentil (Blanciiard) Bcr- 
gey et al. (Spirochaela vincenli Blan¬ 
chard, Arch. f. Protistenk., 10, 1906,129; 
Spirochaeta schaudinni Prowazek, Arb. 
kaiserl. Gesundheilsamte, 22, 1007, 23; 
Spirockaete plaut-vincenti Lelimaiin and 
Neumann, Bakt. Diag., 5 Aufl., 2, 1912, 
679; Spiroschaudinnia vincenli Castel- 
lani and Chalmers, Man. Trop. Med., 
2nd cd., 1913, 402; Spiroschaudinnia 
schaudinni Castellani and Chalmers, 
idejn\ Spironema vincenli Park and 
Williams, Pathogenic Microorganisms, 
6th ed., 1017, 506; Treponema vincenH 
Brumpt, Nouveau Traits de M4decine, 
Paris, 1922,514; Treponema schaudinni 
Brumpt, idem; Bergey et al.. Manual, 
2iid ed., 1925, 435.) Named for Vincent, 
the French bacteriologist. 

Morphology: 0.3 by 8 to 12 inicrons, 3 
to 8 irregular shallow spirals. Stain.s 
easily with the common aniline dyes and 
is Gram-negative. 

Motility; Has a rapid progressive and 
vibratory motion. 

Cultivation: Can be cultivati^d under 
anaerobic conditions. Cultures may 
show long forms with only a writhing 
motion. 

Not pathogenic for laboratory animals. 

Habitat: Found on normal respiratory 
mucous membrane and is associated with 
a fusiform bacillus {Fusohacterium 
plauti-vincenli) in Vincent's angina. 

12. Borrelia refringens (Schaudinn 
and Hoffmann) Bergey et al. (Spiro- 
chaela refringens Schaudinn and Hoff¬ 
mann, Arbeiten kaiserl. Gesundheits- 
amte, 22, 1905, 528; Spirochaeta refrin¬ 
gens Hoffmann and Prowazek, Cent. f. 
Bakt., I Abt., Grig., 41, 1906, 742; Spiro¬ 
nema refringens Gross, Arch. f. Protis¬ 
tenk., 24, 1912, 115; Spiroschaudinnia 
refringens Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 459; Trepo¬ 
nema r^ringens Castellani and Chalmers, 
ibid., 461; Bergey et al.. Manual, 2nd 
ed., 1925, 436.) From Latin, refractive. 

Morphology: 0.5 to 0.76 by 6 to 20 mi¬ 
crons. Spirals are coarse and shallow. 


Spirals arc generally smoothly rounded 
and regular, tapering towards the end 
into a lino projection. Stains easily by 
common ilyos. In stained specimens the 
spirals ap|)ear irregular. 

Motility: Active serpentine and rotat¬ 
ing motion with marked flexion. 

Cultivation: Uncertain. 

Pathogenicity: None. 

Source: Found with Treponema palli¬ 
dum in some cases of syphilis as orig¬ 
inally described by Schaudinn. 

Habitat: Genital mucous membranes 
and necrotic lesions of the genitalia of 
man. 

13. Borrelia hyos (King and Drake) 
Bergey et al. (Hog cholera virus. King 
and Baeslack, .lour. Inf. Dis., 12, 1913, 
39; Spirochaeta suis King, Baeslack and 
Hoffmann, Jour. Inf. Dis., 12, 1913, 235; 
not Spirochaeta suis Bosanquet, Spiro¬ 
chetes, Saunders, 1911; Spirochaeta hyos 
King and Drake, Jour. Inf. Dis., 16, 1915, 
54; Spironema hyos Bergey et al.. Manual, 
1st ed., 1923, 426; Bergey et al., Manual, 
2nd ed., 1925, 436; Spironema suis Ford, 
Te.xtb. of Bact., 1927, 959.) From 
Greek, hog. 

Morphology: 1 micron by 5 to 7 microns. 
Distinctly shorter and thicker than other 
members of the genus. 

Motility: .\ctive spinning motion, 
spirals fixed. 

Cultivation: Grows under anaerobic 
conditions in the presence of tissue. 

Habitat: Found in the blood, intestinal 
ulcers and other lesions of hogs suffering 
from hog cholera. 

14. Borrelia hermsi (Davis) Steinhaus. 
(Spirochaeta hermsi Davis, Ainer. Assoc. 
Adv. Sci., Pub. No. 18, 1942, 46; Stein¬ 
haus, Insect Microbiology, 1946, 453.) 

Investigations by Davis (loc. cit.) indi¬ 
cate that each species of Omithodoros 
that is a relapsing fever vector carries a 
spirochete that is tick-host specific and 
that this host-specific relationship offers 
a more accurate approach to the differen¬ 
tiation of relapsing fever spirochetes 
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than any of the several criteria pre¬ 
viously used. 

This was shown to be the case for 
Borrelia hermH and Borrelia parkeri. 
For this reason no attempt is made to 
describe the morphology and other char¬ 
acters of the relapsing fever spirochetes 
of North and South America. 

Borrelia hermsi is transmitted by 
Om>ithodoro8 hermsi, 

A cause of relapsing fever in the West¬ 
ern part of the U. S. A. 

15. Borrelia parkeri (Davis) Steinhaus. 
{Spirochaeta parkeri Davis, loc, cit,; 
Steinhaus, loc. cit.) 

Transmitted by Ornithnodoros parkeri. 

A cause of relapsing fever in the West¬ 
ern part of the U. S. A. 

16. Borrelia turlcatae (Brumpt) Stein¬ 
haus. (Spirochaeta turicatae Brumpt, 
Comp. rend. Soc. Biol., Paris, i/5, 
1933, 1369; Steinhaus, loc. cit.) 

Transmitted by Ornithodoros turicata. 

A cause of relapsing fever in Mexico, 
Texas and nearby areas. 

17. Borrelia venezuelensis Brumpt. 
(Treponema venezueUnsis Brumpt, Nou¬ 
veau Traits de M4decine, Paris, 4, 1922, 
492; Brumpt, ibid., 495; Spirochaeta ven¬ 
ezuelensis Pettit, Contributions AP£tude 
des Spiroch4tid4s, Vanves, 5,1928, 295.) 

Transmitted by Ornithodoros rudis 
(0. venezuelensis). 

A cause of South American relapsing 
(ever. 

Brumpt (Precis de Parasitologic, 3rd 
ed., Paris, 1936) regards this species as 
identical with Borrelia neotropicalis 
(Bates, Dunn and St. John) Steinhaus. 
(Treponema neotropicalis Bates, Dunn 
and St. John, Amer. Jour. Trop. Med., 
/, 1921, 183; Spirochaeta neotropicalis 
St. John and Bates, Amer. Jour. Trop. 
Med., 5, 1922, 251; Steinhaus, loc. cit.) 
Transmitted by Ornithodoros venezuelen- 
sis. A cause of relapsing fever in 
Panama. 


Appendix: Many of the species in¬ 
cluded in this appendix are so inade¬ 
quately described that it is not certain 
that they belong in this group. 

Borrelia phagedenis (Noguchi) Bergey 
et al. (Spirochaeta phagedenis Noguchi, 
Jour. Exp. Med., 16, 1912, 261; Spiro- 
schaudinnia phagedenis Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913,403; Treponema phagedenis Brumpt, 
Nouveau Trait4 de M4decine, Paris, 4, 
1922, 511; Spironema phagedenis Bergey 
‘et al., Manual, 1st ed., 1923, 426; Bergey 
et al.. Manual, 2nd ed., 1925, 435.) 
From phagedenous ulcer. 

Heliconema pyrphoron Scholer. 
(Cent. f. Bakt., I Abt., Orig., 1S8, 1937, 
342.) From human blood. Pathogenic. 

Heliconema vincenti Sanarelli. (Ann. 
Inst. Past., 41 , 1927, 701.) From the in¬ 
testine of a guinea pig. Shows stages be¬ 
tween spirochetes and fusiform bacilli. 
(See Kindle, Med. Res. Council Syst. of 
Bact., 8, 1931, 130.) 

Microspironema merlangi Duboscq and 
Lebailly. (Compt. rend. Acad. Sci. 
Paris, h54i 1912,662.) From the whiting, 
Merlangus merlangus. May be a syn¬ 
onym of Spirochaeta gadi. 

Spirillum gondii Nicolle. (Nicolle, 
Compt. rend. Soc. Biol., Paris, 6S, 1907, 
213; Spirochaeta gondi Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., 5, 
1931, 1680.) Found in the blood of a 
rodent, Ctenodactylus gondi. Not patho¬ 
genic. Associated with a piroplasma. 
Probably not a spirochete. 

Spirillum latapici Lave ran. (Lave ran, 
Bull. Soc. Path. Exot., /, 1908, 148; 
Spirochaeta latapiei Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., 5, 
1931,1683; Spironema latapici (sic) Ford, 
Textb. of Bact., 1927, 964.) From the 
blood of a shark. 

Spirillum pithed Thiroux and Du- 
fouger4. (Thiroux and Dufourger4, 
Compt. rend. Acad. Sci. Paris, 160, 1910, 
132; Spirochaeta pithed Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., 5, 
1931, 1676; Spironema pithed Ford, 
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Textb. of Bact., 1927, 961.) From the 
blood of an African monkey, Cercopithe- 
c 18 palas. Pathogenic for monkeys, rats 
and field mice. Closely related to Bor- 
relia duttonii. 

Spirochaeta aboriginalia Cleland. 
(Cleland, Jour. Trop. Med., 12, 1909,143; 
SpiroachauAinnia aboriginalia Castellani 
and Chalmers, Man. Trop. Med., 2nd 
ed., 1913, 402; Treponema aboriginalia 
Brumpt, Nouveau Traits de M^dccine, 
Paris, 4f 1922, 496.) Found in cases of 
granuloma inguinale in West Australia. 
Probably saprophytic. 

Spirochaeta acuminata Castellani. 
(Castellani, Brit. Med. Jour., 2, 1905. 
1330; Spirochaeta tenuia acuminata Cas- 
tellani, idem and/or Arch. f. Schiffs- u. 
Tropenhyg., 12, 1908,311; Spiroachaudin- 
nia acuminata Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919 , 449; 
Treponema acuminatum Brumpt, Nou¬ 
veau Trait4 de M4decine, Paris, 4, i922, 
496.) From ulcerated lesions of yaws. 

Spirochaeta acuta Kritchewski and 
S6guin. (Rev. de Stomatol., 22, 1920, 
613.) From the oral cavity. 

Spirochaeta aeglefini Henry. (Jour. 
Path, and Bact., 18, 1913, 222.) From 
haddock. 

Spirochaeta aegyptica Gonder. (Gon- 
der, in Prowazek, Handb. d. path. Pro- 
toz., 6, 1914, 671; Spironema aegyptica 
Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Treponema egypticum Brumpt, Nouveau 
Traits de M^decine, Paris, 4, 1922, 500; 
Borrelia aegyptieum Steinhaus, Insect 
Microbiology, 1946, 452.) Observed in 
cases of relapsing fever in Sudan. Prob¬ 
ably a synonym of Borrelia recurrentia, 

Spirochaeta ambigua S^guin and Vin- 
zent. (S4guin and Vinzent, Compt. 
rend. Soc. Biol., Paris, 121, 1936, 408; 
Treponema ambigua Pr^vot, Man. Class, 
ct Determ. d. Bact4ries Ana4robies, 
Paris, 1940, 208.) From the oral cavity 
and the lungs. Pathogenic. Strict anae¬ 
robe. 

Spirochaeta amphibiae Yakimoff 2 ind 
Miller. (Bull. Soc. Phth. Exot., 18, 1926, 


306.) From the intestines of frogs, Rana 
temporaria. 

Spirochaeta argentinenaia Kuhn and 
Steiner. (Kuhn and Steiner, Med. 
Klin., IS, 1917, 1007; Spirochaeta poly- 
aclerotica Arzt and Kerl, according to 
Pettit, Contribution k Pfitude des Spiro- 
ch4tid6s, Vanves, II, 1928, 134; Trep¬ 
onema (?) argentinenaia Noguchi, in 
Jordan and Falk, Newer Knowledge Bact. 
and Immun., 1928,478.) From the livers 
of guinea pigs and rabbits inoculated with 
blood from patients having multiple 
sclerosis. Pathogenic for man, monkeys, 
dogs, rabl)it8 and guinea pigs. Named 
for the Latin name of the town of Stras- 
bouig (Argejitoratum). 

Spirochaeta balanitidia Hoffmann and 
Prowazek. (Hoffmann and Prow*azek, 
Cent, f. Bakt., I Abt., Orig., 4/, 1906,741; 
Spiroachaudinnia balanitidia Castellani 
and Chalmers, Man. Trop. Med., 2nd ed., 
1913, 404; Spironema balanitidia Park 
and Williams, Pathogenic Micro¬ 
organisms, 6th ed., 1917, 505; Treponema 
balanitidia Brumpt, Nouveau Trait4 
de Mddecine, Paris, 4, 1922, 496.) From 
a case of balanitis. 

Spirochaeta bovia-caffria Nuttall. 
(Xuttall, Parasitology, 3, 1910, 108; 
Spironema bovia-caffria Ford, Textb. of 
Bact., 1927, 960.) From the blood of a 
buffalo. 

Spirochaeta bronchialia Castellani. 
(Castellani, Ceylon Medical Reports, 
1907; Spiroachaudinnia bronchialia Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 402; Treponema bronchiole 
Brumpt, Nouveau Trait4 de M4decine, 
Paris, 4) 1922, 496.) Found in cases of 
bronchitis in Ceylon. A mixture of sev¬ 
eral species of mouth spirochactes is ap¬ 
parently described under this designation. 

Spirochaeta hucco-pharyngei Macfie. 
(Macfie, Ann. Trop. Med. and Parasitol., 
10, 1916, 329; Treponema bucco-pharyngei 
Brumpt, Nouveau Trait4 de M4decinc, 
Paris, 4) 1922, 497.) From the throat of 
a native of the Gold Coast. May be 
identical wdth Spirochaeta dentium or S, 
hvccalia. 



1066 


MANUAL OF DETERMINATIVE BAOTERIOLOQY 


Spirochaeta bufonia Dobell. (Dobell, 
Quart. Jour. Microsc. Sci., JF, 1908,121; 
Spiroachaudinnia hvjania Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919,464; Spironema bufonia Ford, Textb. 
of Bact., 1927, 986; Treponema bufonia 
Ford, ibid,) From the intestines of a 
toad, Bufo vulgaria. 

Spirochaeta caeairae retortiformis Hell- 
mann. (Arch. f. Protistenk., 29, 1913, 
22.) From the urinary sac of a tunicate, 
Caeaira retortiformia. 

Spirochaeta caeairae septentrionalis 
Hellmann. (Arch. f. Protistenk., 29, 
1913, 22.) From the urinary sac of a 
tunicate, Caeaira septentrionalis, 

Spirochaeta canina Bosselut. (Bull. 
Soc. Path. Exot., 19, 1925, 702.) From 
the blood of a dog. 

Spirochaeta cania Macfie. (Ann. Trop. 
Med. and Parasitol., 10 , 1916, 305.) 
From dog feces. 

Spirochaeta cobayae Knowles and Basu 
(Knowles and Basu, Indian Jour. Med. 
Res., 22 , 1935, 449; Treponema cobayae 
Topley and Wilson, Princip. Bact. and 
Immun., 2nd ed., 1936, 725; Borrelia 
cobayae Steinhaus, Insect Microbiology, 
1946, 464.) From the blood of guinea 
pigs. Blood parasite belonging to the 
relapsing fever group. Pathogenic for 
guinea pigs, rabbits and white rats. 

Spirochaeta comandoni S4guin and 
Vinzent. (S5guin and Vinzent, Compt. 
rend. Soc. Biol., Paris, 121 , 1936, 408; 
Treponema comandoni Pr5vot, Man. 
Class, et Determ. d. Bact4ries Ana5ro- 
bies, Paris, 1940, 208.) From the oral 
cavity. Rather common. Non-patho- 
genic. Strict anaerobe. 

Spirochaeta crocidurae Leger. (Leger, 
Bull*. Soc. Path. Exot., 10 , 1917, 280; 
Treponema crocidurae McFarland, Patho> 
genic Bacteria and Protozoa, 2nd ed., 
1933, 136.) From a shrew-mouse, Croci- 
dura etampflii, in Senegal. Transmitted 
by OrniiMoroa erraticua, 

Spirochaeta ctenocephali Patton. 
(Patton, Ann. Trop. Med. and Parasitol., 

1912, 357; Treponema ctenocephali 
Ford, Textb. of Bact., 1927,989.) Para¬ 


sitic in the digestive tract of the larvae 
of the Indian cat-flea, Ctenocephdlua 
felia, 

Spirochaeta cubensis Hoffman. (Sani- 
dad y Benehcienca Boletin oficial, Ha¬ 
vana, 28, 1923, 76.) From the feces of 
Hyla septentrionalis, 

Spirochaeta culicis Jaff^. (JafT4, Arch, 
f. Protistenk., 9, 1907, 100; Spironema 
culicis Gross, Cent. • f. Bakt., I Abt., 
Orig., 66 , 1912, 87; Entomoapira culicis 
Enderlein, Sitzungsber. Ges. Naturf. 
Freunde, Berlin, 1917, 313; Spiro- 
schaudinnia culicis Casttllani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
454; Spirillum culicis Pringault, Compt. 
rend. Soc. Biol., Paris, 84 , 1921, 209; 
Treponema culicis Ford, Textb. of Bact., 
1927, 989.) Found in the intestines and 
Malpighian tubules of mosquito larvae, 
Culex sp, 

Spirochaeta didelphis Vianna, de Figu- 
eiredo and Cruz. (Brasil-Medico, 26, 

1912, 912.) From the blood of an opos¬ 
sum, Didelphis aurita. 

Spirochaeta equi (Novy and Knapp) 
Castellani and Chalmers. {Spirillum 
equi Novy and Knapp, Jour. Inf. Dis', 
S, 9106, 294; Castellani and Chalmers, 
Man. Trop. Med., 1st ed., 1910, 309; 
Spiroachaudinnia equi Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 

1913, 404; Spironema equi Noguchi, Jour. 
Exp. Med., 27, 1918,584; Treponema equi 
Noguchi, in Jordan and Falk, Newer 
Knowledge Bact. and Immun., 1928,461.) 
From the blood of a horse. May be 
identical with Borrelia theileri, 

Spirochaeta equina, (Dodd ?, Jour. 
Comp. Pathol, and Therap., 19, 1906,318; 
quoted from Pettit, Contribution k 
I’Etude des Spiroch4tid4s, Vanves, II, 
1928,111.) 

Spirochaeta eurygyrata Werner. (Wer¬ 
ner, Cent. f. Bakt., I Abt., Orig., 62, 
1909, 241; Spironema eurgyratum (sic) 
Noguchi, Jour. Exp. Med., 27, 1918, 684; 
Spiroachaudinnia eurygyrata Castellani 
and Chalmers, Man. Trop. Med., 3rd ed., 
1919, 451; Spirillum eurygyrata C^astel- 
lani and Chalmers, ibid.; Borrelia evry» 
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gyrata Brumpt, Nouveau Trait4 de Mdde- 
cine, Paris, 4, 1922, 495; Treponema 
eurygyraium Brumpt, ibid., 50.) From 
the intestinal contents of man. 

Spirochacta exanthemaiotyphi Futaki. 
(Futaki, Brit. Med. Jour., Oct. 13, 
1917; Treponema exanthemaiotyphi Sa- 
vini, Compt. rend. Soc. Biol., Paris, 88 , 
1923, 958.) Found in the kidneys and 
urine of cases of exanthematous typhus. 
Non-pathogeiiic. 

Spirochaeta febris (Uiester. (Afanas- 
fliew, Cent. f. Bakt., I Abt., 25, 1899,405; 
Chester, Man. Determ. Bact., 1901,347.) 
From a case of recurrent fever. 

Spirochaeta gadi Neumann. (Neu¬ 
mann, Ztschr. f. Hyg., 64y 1909, 79; 
Microspirohcma gadi Duboscq and I^e- 
liailly, Compt. rend. Acad. Sci. Paris, 
154, 1912, 662; Treponema gadi Duboscq 
and Lebailly, Arch. zool. e\'p(^r. et gdn(5r., 
10 , 1912, 331; Spironema gadi Ford, 
Textb. of Bact., 1927, 964.) From th(‘ 
blood of a sea fish, Gad us minutus 

Spirochaeta gallica C ouvy aivt Dujar- 
ric de la Kivi^rc. (Couvy and Dujarric 
de la llivi5rc, Compt. rend. Soc. Biol., 
Paris, 81, 1918, 22; Treponema gnllicnm 
Brumpt, Nouveau Traitd de M<5dccinc, 
Paris, 4i 1922, 500.) From the blood of 
trench fever patients. 

Spirochaeta gangracnac carcinomatosac 
HofTmann. (Berl. klin. Wochnschr., 4-i 
1905, 880.) From malignant tumors. 

Spirochaeta gangraenosa nosucomialis 
li6na. (Rona, Verhandl. d. dcutsch. der- 
mat. Gesellsch., 9, 1907, 471; Treponema 
gangraenosa nosocomialis Noguchi, Jour. 
Exp. Med., 16, 1912, 261.) From ulcers 
of the genital region. 

Spirochaeta haemophilus Trosicr and 
Sifferlen. (Ann. Inst. Past., 58, 1937, 
233.) From a child with intestinal trou¬ 
ble and continuous fever. 

Spirochaeta hispanica de Buen. (De 
Buen, Ann. Parasitol., 4? 1926,185; Trep¬ 
onema hispanicum Noguchi, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928, 481; Spirochaeta maro- 
canum Nicolle and Anderson, Compt. 
rend. Acad. Sci. Paris, 187, 1928, 747; 


Spirochaeta hispanicum var. marocanum 
Nicolle, Anderson and Colas-Belcour, 
Arch. Inst. Past. Tunis, 18, 1929, 343; 
7'reponcma hispanicum var. marocanum 
Gay et al.. Agents of Disease and Host 
Resistance, 1935, 1074; Borrelia his¬ 
panicum Stcinhaus, Insect Microbiology, 
1946, 453.) The cause of Spanish and 
Moroccan relapsing fever. Transmitted 
by Ornilhodoros maiocanus. Not ag¬ 
glutinated by serum of Borrelia recur- 
rentis. Pathogenic for man and 
laboratory animals. 

Spirochaeta intestinalis Mache and 
Carter. (Maclie and Carter, Ann. Trop. 
Med. and Parasitol., 11 , 1917, 79; Trep¬ 
onema intestinale Brumpt, Nouveau 
Traite dc M(5(ie^*ine, Paris, 4, 1922, 505.) 
From human feces. 

Spirochaeta jonesii Dutton, Todd and 
Toboy. (Dut ton, Todd and Tobey, Jour. 
Med. Res., 15 (N.S. 10 ), 1906, 491; 
Spironema jonesii Ford, Textb. of Bact., 
1927, 964.) From the blood of an African 
mudfish, Clarias angolcnsis. 

Spirochacta lagopodis Fantham. (Fan- 
tham, Proc. Zool. Society, Ix)ndon, 1910, 
692; Spironema lagopodis Noguchi, ac¬ 
cording to Pettit, loc. cit.) From the 
blood of the grouse, Lagopus scoticus. 

Spirochaeta leucotermitis Hollande. 
(Arch. zool. expdr et g(^n., 61, 1922, 23.) 
From an insect, Leucotermes lucifugus, 

Spirochaeta lovati Fantham. (Proc. 
Zool. Society, Ixjndon, 1910.) From the 
intestinal contents of the grouse, Lagopus 
scoticus. 

Spirochaeta lowenthali Besson. (Bes¬ 
son, p. 736, according to Ford, Textb. of 
Bact., 1927, 1001.) From malignant 
tumors. 

Spirochaeta lutrae Prowazek. (Pro- 
wazek, Arb. kaiserl. Gesundheitsamte, 
26, 1907, 31; Spiroschaudinnia lutrae Cas- 
tellani and Chalmers, Man. Trop. Med., 
2nd cd., 1913,404; Spironema lutrae Ford, 
Textb. of Bact., 1927, 961.) From the 
blood of an otter, Lutra sp. 

Spirochaeta lymphaticus Proescher and 
White. (Proescher and White, Jour, 
Amer. Med. Assoc., 48, 1907, 1988; 



1068 


MAmiAL OF DBTERliaKATIVE BACTERIOLOGY 


Treponema lymphaticum Brumpt, Nou¬ 
veau Traits de M4decine, Paris, 4, 1022, 
506^.) From cases of lymphatic leukemia. 
Pathogenic for guinea pigs, rats and 
monkeys. 

Spirochaeta macact Castellani and 
Chalmers. (Castellani and Chalmers, 
1908, see Castellani and Chalmers, Man. 
Trop. Med., Ist ed., 1910, 310; Spiro- 
echaudinnia macaci Castellani and Chal¬ 
mers, Man. Trop. Med., 2nd ed., 1913, 
403; Spironema macaci Ford, Textb. of 
Bact., 1927,960.) From monkeys in Cey¬ 
lon. Closely related to or possibly iden¬ 
tical with Borrelia carieri. 

Spirochaeta marmotae Carpano. (Ann. 

d'lgien. sper., 28, 1913, 215.) From a 
rodent, Arctomys marmota. 

Spirochaeta melanogenes canis Lukes. 
(Deutsch. Tierarztl. Wochnschr., 1923, 
137; see Ann. Inst. Past., 88 , 1924, 523.) 
From the intestines of a dog. The cause 
of a dog plague. 

Spirochaeta mclophagi Porter. (Quart. 
Jour. Microsc, Sci., London, 86 , 1910, 
189.) From the intestine, ovaries, and 
pupa of Melophague ovintts. 

Spirochaeta metritis de Andrade. 
(Compt. rend. Soc. Biol., Paris, 86 , 1922, 
1048.) From a uterine excretion. 

Spirochaeta microgyrata gaylordi Cal¬ 
kins. (Calkins, Jour. Inf. Dis., 4, 1907, 
173; Spirochaeta microgyrata var. gaylordi 
Calkins, ibid., 171; Spironema microgy¬ 
rata var. gaylordi Ford, Textb. of Bact., 
1927,1001.) From breast tumors of mice. 

Spirochaeta naganophila Savini. 
(Compt. rend. Soc. Biol., Paris, 88 , 1923, 
966.) From the blood of mice. No 
description given. 

Spirochaeta noelleri Zuelzer. (1925, 
in Prowazek, Handb. d. path. Protoz., 
5,1931,1684.) From the intestine of the 
larvae of Simulium noelleri. 

Spirochaeta noguchii Strong. (Strong, 
United Fruit Co. Med. Dept. 14th Ann. 
Kept., 1925; Treponema noguchii Nogu¬ 
chi, in Jordan and Falk, Newer Knowl¬ 
edge Bact. and Immun., 1928, 483.) 
From a type of skin ulcer in South 
America. 


Spirochaeta normandi Nioolle, Ander¬ 
son and Colas-Belcour. (Compt. rend. 
Acad. Sci. Paris, 186, 1927, 334.) From 
Ornithodoros normandi, the natural agent 
of transmission. Pathogenic for white 
mice. 

Spirochaeta normafidi var. carthaginen^ 
sis. (Quoted from Hindle, Med. Res. 
Council Syst. of Bact., 8 , 1931, 169.) 
From ticks in Tunis. 

Spirochaeta nosocomialis Hoffmann 
and Gonder. (Hoffmann .and Gonder, 
1914, according to Brumpt, Nouveau 
Trait4 de M4decine, Paris, 4, 1922, 508; 
Treponema nosocomiale Brumpt, ibid.) 
Probably a synonym of Borrelia vincentii. 

Spirochaeta obtusa Castellani. (Cas- 
tcllani, Brit. Med. Jour., 2 , 1905, 1330; 
Spirochaeta tenuis obtusa Castellani, 
1908, according to Ford, Textb. of Bact., 
1927, 973; Spiroschaudinnia obtusa Cas¬ 
tellani, Arch. f. Schiffs- u. Tropenhyg., 
12, 1908,311 (see Castellani and Chalmers, 
Man.. Trop. Med., 3rd ed., 1919 449); 
Treponema obtusum Brumpt, Nouveau 
Traits de M^decinc, Paris, 4» 1922, 508; 
Treponema tenue cbtusum Brumpt, ibid.) 
From ulcerated lesions of yaws. 

Spirochaeta ovis (Novy and Knapp) 
Bergey ct al. (Spirillum ovis Novy and 
Knapp, Jour. Inf. Dis., S, 1906, 294; 
Spirochaeta ovina Blanchard, Semaine 
M^dicale, 26, 1906, 1; Spiroschaudinnia 
ovina Castellani and Chalmers, Man. 
Trop. Med., 2nd ed., 1913, 404; Spiro¬ 
nema ovis Ford, Textb. of Bact., 1927, 
960; Treponema ovis Noguchi, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928, 461; Treponema ovinum 
Noguchi, ibid., 480; Bergey et al.. Man¬ 
ual, 5th ed., 1939, 960.) From the blood 
of sheep. May be identical with Borrelia 
theileri. 

Spirochaeta pelamidis Neumann. 
(Neumann, Ztschr. f. Hyg., 64, 1909, 80; 
Spironema pelamidis Ford, Textb. of 
Bact., 1927, 964.) From the blood of a 
fish, Pelamys sarda. Resembles Spiro¬ 
chaeta gadi. 

Spirochaeta perforans Cavali4 and Man- 
doul. (Compt. rend. Soc. Biol., Paris, 
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55, 1921, 1068.) From cases of pyorrhea 
alveolaris. Associated with fusiform ba¬ 
cilli. Probably synonymous with Bor- 
relia vincenlii. 

Spirochaeta periplanetae Laveran and 
Franchini. (Bull. Soc. Path. Exot., IS, 
1920, 332.) From the digestive tract of 
the cockroach, Periplaneta orientalis. 

Spirochaeta persica Dschunkowsky. 
(Dschunkowsky, Deutsch. med. Woch- 
nschr., 39, 1913, 419; Treponema perai- 
cum Brumpt, Nouveau Traits de Mdde- 
cine, Paris, 4» 1922, 609; Bor relia peraica 
Steinhaus, Insect Microbiology, 1946, 
462.) From a case of relapsing fever 
(Mianeh fever) in Persia. Transmitted 
by OrnithodoroB iholozani and O. latio- 
rensis. Serum not agglutinated by 
Bor relia recurrentis. Disease in man 
fairly severe and in gerbilles and mon¬ 
keys very mild. 

Spirochaeta pollachii Henry (Spiro¬ 
chaeta gadi pollachii Henry, Jour. Path, 
and Bact., 14, 1910, 463; Henry, ibid., 17, 
1912,160; Treponema fallax Dubosoq and 
Lebailly, Arch, Zool, Exp4r. et G6n , 10 , 
1912, 331; Spirochaeta fallax Zuelzer, 
1925, in Prowazek, Handb. d. path. Pro- 
toz., S, 1931, 1671; Spironema pollachii 
Ford, Textb. of Bact,, 1927, 965,) From 
the blood of the pollack, Gadus polla- 
chius. 

Spirochaeta pseudobuccalis Zuelzer. 
(Cent. f. Bakt., I Abt., Orig., 8S, 1921, 
*154.) 

Spirochaeta pseudorecurrentis Zuelzer. 
(Cent. f. Bakt., I Abt., Grig., 85, 1921, 
*154.) 

Spirochaeta pyorrhoeica Kolle. (Med. 
Klin., IS, 1917, 59.) Commonly found in 
pus from pyorrhea alveolaris. 

Spirochaeta raillieti Mathis and Leger. 
(Compt. rend. Soc. Biol., Paris, 70, 1911, 
212.) From the blood of a rabbit. Not 
pathogenic. 

Spirochaeta ranarum Yakimoff and 
Miller. (Bull. Soc. Path. Exot., 18, 
1925, 306.) From the intestines of frogs, 
Rana temporaria, 

Spirochaeta recta Gerber. (Gerber, 
Cent. f. Bakt., I Abt., Orig., 55,1910,513; 


Treponema rectum Brumpt, Nouveau 
Traits de M5decine, Paris, 4, 1922,611.) 
May be a synonym of Borrelia vincentii. 

Spirochaeta regaudi Ball and Hoquet. 
(Ball and Hoquet, 1911, according to 
Pettit, Contribution k P£tude des Spiro- 
ch^tid^s,' Vanves, II, 1928; Spirella 
regaudi Ball and Roquet, 1911, according 
to Brumpt, Nouveau Traits de M5decine, 
Paris, 4, 1922, 5l7; also see Edkins, 
Parasitology, 15, 1923, 296.) From the 
stomachs of cats and dogs. Possibly be¬ 
longs among the spirilla (Noguchi); is in 
the same group as Criatispirella and 
Heliconema 

Spirochaeta sinensis Pons. (Compt. 
rend. Soc. Biol., Paris, 89, 1923, 1028.) 
From the blof>d of a fever patient in 
China. Pathogenic for rabbits and mon¬ 
keys. 

Spirochaeta sogdianum Nicolle and 
Anderson. (Nicolle and Anderson, 
Compt. rend. Acad. Sci. Paris, 187, 
1928, 746; Borrelia sogdianum Steinhaus, 
Insect Microbiology, 1946, 463.) Not 
pathogenic for guinea pigs or fowls. 
Probably lynonymous with Borrelia 
recurrentis. 

Spirocfiaeta sporogenes psoriasis Rasck. 
(Individual publications, Christiania, 
1920-1921, 4.) 

Spirochaeta aporogona rheumatismi 
Rasck. (Individual publications, Chris¬ 
tiania, 1920-1921, 4.) From the blood in 
cases of acute arthritis. 

Spirochaeta staphylina Ghidini and 
Archetti. (Riv. Biol. Coloniale, 5,1939, 
131.) From the intestine of a termite, 
Reticulitermes lucifugus, Italy. 

Spirochaeta stenogyrata Werner., 
(Werner, Cent. f. Bakt., I Abt., Grig., 
52, 1909, 241; Treponema stenogyratum 
Brumpt, Nouveau Traits de M^decine, 
Paris, 4, 1922, 514.) From human feces. 

Spirochaeta suilla Dodd. (Jour. 
Ck)mpt. Path, and Therap., 19, 1906,216.). 
From cutanqpus lesions of pigs. Patho¬ 
genic for pigs. 

Spirochaeta temporariae Yakimoff and 
Miller. (Bull. S^. Path. Exot., 18, 
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1925,306.) From the intestines of frogs, 
Rana temporaria, 

Spirochaeta tenuU Gerber. (Gerber, 
Cent. f. Bakt., I Abt., Grig., 56, 1910, 
508; Treponema tenue Brumpt, Nouveau 
Traits de M5decine, Paris, 4 , 1922, 514.) 
May be identical with Spirochaeta den- 
Hum or with Borrelia vincentii. 

Spirochaeta termiiis (Leidy) Dobell. 
{Vibrio termiiis Leidy, Jour. Acad. Nat. 
Sci., Phila., 2nd Ser., 8, 1881, 441; Spiro¬ 
chaeta minei Prowazek, Arch. f. Schiffs- 
u. Tropenhyg., H, 1910, 297; Dobell, 
Spolia ceylanica, 3, 1910, 78; Treponema 
minei Dobell, ibid.; f Spirochaete grassii 
Dodein, Prob. der Protistenk., 2 , 1911, 
17; Spirochaeta grassii Doflein, Die 
Natur der Spirochaten, Jena, 1911; 
Treponema termiiis Dobell, Arch. f. 
Protistenk., 26, 1912, 117; Entomospira 
grassii Enderlein, Sitzungsber. Ges. 
Naturf. Freunde, Berlin, 1917, 313; 
Cristispira termiiis Hollande, Arch. 
Zool. Exp4r. et G4n., 6 t, 1923, N. and 
R., 25; Treponema grassi Ford, Textb. 
of Bact., 1927,988.) From the intestines 
of Termes lucifugus and Calotermes spp. 

Spirochaeta tropidonoti Dobell. (Do¬ 
bell, Spolia ceylanica, 7, 1911, 65; Spiro- 
nema tropidonoti Ford, Textb. of Bact., 
1927, 962.) Isolated once from the blood 
of a snake, Tropidonotus stolaius, in 
CJeylon. 

Spirochaeta urethrae Macfie. (Macde, 
Ann. Trop. Med. and Parasitol., 10, 1916, 
305; Spiroschaudinnia urethrae Castellan! 
and Chalmers, Man. Trop. Med., 3rd ed., 
1919, 451; Treponema urethrae Brumpt, 
Nouveau Trait4 de M4decine, Paris, 4t 
1922,514.) From the urine of Gold Coast 
natives. Causes acute arthritis. 

Spirochaeta usbekistanica Pickoul. 
(Russ. Jour. Trop. Med., 6 , 1928, 612.) 
From cases of relapsing fever in Bokhara. 

Spirochaeta vespertilionis (Novy and 
Knapp) Castellan! and Chalmers. {Spi¬ 
rillum vespertilionis Novy and Knapp, 
Jour. Inf. Dis., 5, 1906, 294; Castellani 
and Chalmers, Man. Trop. Med., Ist ed., 
Spiroschaudinnia vespertilionis 
Castellani and Chalmers, Man. Trop. 


Med., 3rd ed., 1919, 454; Spironema ves¬ 
pertilionis Ford, Textb. of Bact., 1927, 
961.) From the blood of a bat, Vesper- 
tilio kuhlii' 

Spirochaeta vincenti var. bronchialis 
Delamare. (Compt. rend. Soc. Biol., 
Paris, 30,1924,611.) 

Spirochaeta zlatogorovi Yakimoff. 
(Bull. Soc. Path. Exot., 14, 1921, 532.) 
From feceii. 

Spirochaete exanihemaiica Lewascheff. 
(Cent. f. Bakt., I Abt., 18, 1895, 133.) 
From the blood in cases of typhus fever. 

Spirochaete forans Reiter. (Reiter, 
Deutsch. med. Wochnschr., No. 50, 1916, 
10; see Cent. f. Bakt., I Abt., Orig., 73, 
1917, 176; Treponema forans Brumpt, 
Nouveau Trait<$ de Mddecine, Paris, 4, 
1922,500; Spirochaeta forans Pettit, (Con¬ 
tribution k Pfitude des Spiroch^tid^s, 
Vanvcs, II, 1928, 164.) From the blood 
in a case of articular rheumatism. Not 
pathogenic for guinea pigs or mice. 

Spirochaete gracilis Veszpremi. 
(Veszpremi, Cent. f. Bakt., I Abt., Orig., 
44, 1907, 332; not Spirochaeta gracilis 
Levaditi and Stanesco, Compt. rend. Soc. 
Biol., Paris, 37-, 1909, 188 {Treponema 
levaditii Brumpt, Nouveau Trait6 de 
M^decine, Paris, 4, 1922, 501; Treponema 
gracile Brumpt, idem ); Treponema gra- 
cile Ford, Textb. of Bact., 1927, 978.) 
From a gangrenous phlegmon of the 
mouth. Found in association with fusi¬ 
form bacilli and therefore may be identi¬ 
cal with Borrelia vincentii or Spirochaeta 
dentium or Treponema macrodentium, 

Spirochaete repacis. (Quoted from 
Lehmann and Neumann, Bakt. Diag., 6 
Aufl., 2, 1920,809.) From the oral cavity. 

Spironema caviae Ford. (Spirochaete 
(?), Macfie, Ann. Trop. Med. and Para¬ 
sitol., 8, 1914,447; Ford, Textb. of Bact., 
1927, 961.) From the blood of a guinea 
pig at Lagos. 

Spironema vesperugims (Gonder) Ford. 
{^Spirochaeta vesperuginis Gonder, Arb. 
.kais. Gesundheitsamte, 27, 1908, 406; 
Ford, Textb. of Bact., 1927, 961.) From 
the blood of a bat, Vesperugo kuhlii, 

Spiroschaudinnia caviae Sangioi^i. 
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(Sungiorgi, Pathologica Rivista, 6 , 1913, 
428; Spirochaeta caviae Hindle, Med, lies. 
Council Syst. of Bact., 8, 1931, 174.) 
From the blood of a guinea pig. 

Spiroschaudinnia mitis Castellani and 
Chalmers. (Castellani and Chalmers, 
Man, Trop. Med., 3rd ed., 1919, 451; 
Treponema mite Brumpt, Nouveau Traits 
de M(^decine, Paris, 4, 1922, 506.) From 


urine in mild cases of camp jaundice. 
Probably not pathogenic. 

Treponema lineola (Donn^) Brumpt. 
(Vibrio lineola Donnd, Recherches Mi- 
crosc. Nature d. Mucus des Organs Geni- 
tourinaires, Paris, 1837; Brumpt, Nou¬ 
veau Traitd de M^decine, Paris, 4, 1922, 
505.) From secretions of the genitalia. 


Genus II. Treponema Schaudinn. 

(Spironema Vuillemin, Cumpt. rend. Acad. Sci. Paris, IJfi, 1905,1567; not Spironema 
Bergey et al., Manual, Ist ed., 1923, 124; Schaudinn, Deutsche med. Wochnschr., SI, 
1905, 1728; Microspironema Stiles and Pfender, Amer. Med., 10 , 1905, 936.) 

Length 3 to 18 micron.s. Ix)ngcr forni.s due to in( omplete division. Protoplasm 
in acute, regular or irregular spirals. Terminal filament may be present. Some 
species stain only with Giemsa’s stain Weakly refractive by dark field illumination 
in living preparations. Cultivated under strictly anaerobic conditions. Pathogenic 
and parasitic for man and animals Generally produce local lesions in tissues. 

The tyixj species is Treponema palhdum (Schaudinn and Hoffmann) Schaudinn. 


1. Treponema pallidum (SciuMuiinn 
and Hoffmann) Schaudinn, [Spirochaefc 
pallida Schaudinn and Hoffmann, Arb. 
kaiserl. Gesundheitsamte, 1905, 528; 
Schaudinn, Deutsche med Wochnschr., 
SI, 1905, 1728; Spironema pallidum Vuil¬ 
lemin, Compt. rend. Acad. Sci Paris, llfi, 
1905, 1567; Microspironema pallidum 
Stiles and Pfender, .Vmer. Med., 10, 1905, 
936; Trypanosoma luis Krzystalowicz 
and Siedlecki, 1905, see abst. in Bull. 
Inst. Past., 4, 1906, 204; Spirochaeta 
pallida Hoffmann and Prowazek, Cent, 
f. Bakt., I Abt., Grig., 4/, 1906, 741.) 
From Latin, pale. 

Morphology: Very fine protoplasmic 
spirals 0.25 to 0.3 by 6 to 14 microns. 

Spiral amplitude: 1.0 micron, regular, 
fi.xed. 

Spiral depth : 0.5 to 1 0 micron. 

Terminal spiral filament present. 

Weakly refractive in living state by 
dark field illumination. May appear as a 
series of bright dots or string of radiant 
beads with poor dark field illumination. 

Staining: Stain with difficulty except 
with Giemsa’s stain by which they appear 
pink or rose. Appear black with silver 
impregnation methods. 


Motility: Sluggish, drifting motion, 
stiffly flexible, rarely rotating. 

Trypsin digestion Resistant for many 
days 

Bile salts (10 per cent): Disintegration 
complete 

Saiwnin (10 per (‘ent) Broken up in 
time. 

Cultivation. With ilifliculty under 
strict anacrobiosis in ascitic fluid with 
addition of fresh rabbit kidney. 

Habitat: The cause of syphilis in man. 
Can be transmitted e.xperimcntally to 
anthroiKjid apes and rabbits. 

2. Treponema pertenue Castellani. 
(Castellani, Jour. Trop. Med., 8 , 1905, 
253; Spirochaeta pcrtemiis C’astellani, 
,Jour Ceylon Branch Brit. Med. Assoc., 
June, 1905; Spirochaeta pallidida Castel¬ 
lani, Brit. Jour. Med.,;?, Nov., 1905,1330; 
Spirochaetc pertenuis Lehmann and Neu¬ 
mann, Bakt. Diag., 5 AuH., 2, 1912, 677; 
Spironema pertenue Gross, Archiv f. 
Protistenk.,84,1912, Wo) TreponemapaU 
lidulum Brumpt, Nouveau Traits de 
M5derine, Paris, 4, 1922, 508.) From 
Latin, very fine. 
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Morphologically indistinguishable from 
Treponema pallidum. 

Cultivable under anaerobic conditions 
in the same medium used for Treponema 
pallidum. 

Habitat: The cause of yaws—tropica 
frambesia. Patients with the disease 
give a positive Wassermann test. Prbo- 
ably transmitted by contact. 

3. Treponema microdentium Noguchi. 
(Jour. Exp. Med., IS, 1912, 81.) From 
Greek mikros, small and Latin, teeth. 

The organism is less than 0.25 micron in 
thickness in the middle and tapers toward 
each extremity, which is pointed. The 
length varies with age but may reach 8 
microns and show an average of 14 curves. 
Sometimes a long, thin flagella-like pro¬ 
jection is observed at each extremity. 

Growth occurs under anaerobic condi¬ 
tions in serum water medium containing 
fresh tissue. The serum is slightly coag¬ 
ulated and gives off a strong, fetid odor. 
Habitat: Normal oral cavity. 

4. Treponema mucosum Noguchi. 
(Jour. Exp, Med., 16, 1912, 194; Spiro- 
chaeta mucosa Pettit, Contribution A. 
l’£tude des Spiroch4tid4s, Vanves, II, 
1928, 190.) From Latin, mucous. 

Spirals: 0.25 to 0.3 by 8 to 12 microns. 
The number of curves varies from 6 to 8. 
Both extremities arc sharply pointed and 
often possess a minute curved projection, 

8 to 10 microns long. 

Cultivable under anaerobic conditions, 
forming mucin. 

The cultures give off a strong, putrifl 
odor. 

Takes the red in Giemsa's stain. 

Strict anaerobe. 

Source: From pus in a case of 
pyorrhoea. 

Habitat: Found in pyorrhea alveolaris. 
It possesses pyogenic properties. 

5. Treponema calligyrum Noguchi. 
(Noguchi, Jour. Exp. Med., 17, 1913, 96; 
Spirochaeta calligyra Zuelzer, 1925, in 
Prowazek, Hand. d. path. Protoz., 5,1931, 


1673.) From M. L., with beautiful 
circles. 

Morphology: 0.35 to 0.4 by 6 to 14 mi¬ 
crons, average 9 to 12 microns. Spirals 
are regular and deep but more rounded 
than those of Treponema pallidum . The 
organism is of uniform width until near 
the extremities which end in sharp points 
with delicate projections. 

Motility: Active, chiefly rotating. 

Stains reddish-violet with Giemsa's 
stain. 

Cultivation: Grows under anaerobic 
conditions. 

Not pathogenic for monkeys or rabbits. 

Source: From smegma. 

Habitat: I^esions and membranes of the 
pudenda. 

6. Treponema genitalis Noguchi. 

{Treponema nnnulum Noguchi, Jour. 
Exp. Med., 27, 1918, 671; not Treponema 
minuium Dobell, Arch. f. Protistenk., 26, 
1912, 151; not Treponema minutum 
Castellani, 1916; Noguchi, Laboratory Di¬ 
agnosis of Syphilis, New York, 1923, 260; 
Spirochaeta minuium Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., S, 
1931, 1673; Spirochaeta genitalis S6guin 
and Vinzent, Ann. Inst. Past., 61, 1938, 
255.) From Latin, genital. 

Morphology: 0.25 to 0.3 by 3 to 14 mi¬ 
crons. Spirals round, regular and shal¬ 
low. Smaller than Treponema pallidum 
and spirals are closer together. 

Motility: Active. 

Culture: Grows anaerobically and re¬ 
quires fresh tissue. 

Non-pat hogenic. 

Habitat: Found on male and female 
genitalia. 

7. Treponema carateum Brumpt. 
(Treponema de un caso de pinta, Saenz, 
Grau Triana and Alfonso, Arch, de Med. 
Int., Havana, 4,1938,3; Brumpt, Compt. 
Rend. Soc. Biol., Paris, ISO, 1939, 942; 
Treponema herrejoni Loon y Blanco, Rev. 
de Med. Trop. y Parasitol , Habana, 6 , 
1940, 5; Treponema picior Pardo-Cas 
tello. Rev. de Med. Trop. y Parasitol 
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HftbftiiE, 1940, 117; Treponemo, pintae 
Curbelo, Elementos de Bacteriologia 
M^dica, 1941, 34.) From carate, spotted 
sickness. 

Description taken from Leon y Blanco 
(loc. cit.). 

Cylindrical: 0.25 to 0.30 by 7.8 to 36.8 
microns, average length 17.8 microns. 
With sharp-pointed ends. 

Spiral amplitude: 1 micron, regular. 

Spiral depth: 0.8 to 1.0 micron. 

Number of waves, 6 to 27, According to 
length. Ten to - twelve (Brumpt, loc. 
eit.). 

Actively motile. At times undulating 
or creeping movements are shown. 

Staining reactions: Readily takes silver 
impregnations, Giemsa’s stain, carbpl- 
fuchsin and gentian violet. 

Saponin (10 per cent): Disintegrates in 
six hours at room temperature. Same 
result with sodium taurocholate (10 per 
cent) and with bile. 

Distilled water: Produces swelling. 

Loses motility on heating for 15 minutes 
at 50°C or for 3 hours at 41 °C. 

Wassermann, Kahn and Meinicke reac¬ 
tions positive. 

Has not yet been cultivated artificially. 
Experimental transmission unsuccessful 
so far. 

Source: From the border of cutaneous 
lesions of persons having pinta (spotted 
sickness). 

Habitat: The cause of pinta (or carate). 
Common in Mexico and Colombia. Also 
found in other northern countries of 
South America, in CJentral America and 
the West Indies. Rare in Cuba. Pos¬ 
sibly found in other t Topical regions of the 
world. 

8. Treponema cunicull Noguchi. 
(Spirochaela paraluis cuniculi Jakobs- 
thal, Dermatol. Wchnschr., 7/, 1920, 569; 
Noguchi, Jour. Amer. Med. Assoc., 77, 
1921, 2052; also see Noguchi, Jour. Exp. 
Med., 35, 1922, 395; Treponema pallidum 
var. cuniculi Klarenbeek, Cent. f. Bakt., 
I Abt., Grig., 37, 1921, 203; Spirochaela 
cuniculi Seraditi, Marie and Isaien, 


Compt. rend. Soc. Biol., Paris, 86 , 1921, 
51; Spirochaela pallida var. cuniculi 
Zuelzer, 1925, in Prowazek, Handb. d. 
path. Protoz., 3, 1931, 1765; Spirochaela 
paraluis Pettit, Contribution k r£tude 
des Spiroch^tid^s, Vanves, II, 1928, 91; 
Spirochaela paraluis-cuniculi Hindle, 
Med. Res. Council Syst. of Bact., 8,1931, 
187.) From I>atin, rabbit. 

Description from Noguchi (loc, ciL), 

Closely resembles Treponema pallidum, 
but longer 

Width 0.25 micron; length 10 to 16 mi¬ 
crons; long specimens up to 30 microns 
frequent. 

Spirals 8 to 12 in number, regular, deep. 

Spiral amplitude 1 to 1.2 microns. 

Spiral depth 0.6 to 1.0 micron. 

Delicate terminal filament at one, 
sometimes both, ends. 

Often forms entangled masses of long 
threads; occurs sometimes in a stellate 
arrangement. 

Staining properties same as for Trepo¬ 
nema pallidum. Both readily stained by 
ordinary basic analine dyes when fixed in 
a buffered formaldehyde solution. 

Wassermann reaction negative. 

Pathogenesis: Disease transmissible to 
healthy rabbits, producing papular le¬ 
sions in the genitoperineal region. Not 
pathogenic for monkeys, mice or guinea 
pigs. 

Source: From lesions in the genitoperi¬ 
neal region of five rabbits. 

Habitat: The cause of rabbit spiro¬ 
chetosis. 

Appendix: Many of the species in this 
appendix are so inadequately described 
that it is not certain that they belong in 
this group. 

Microspironema legeri Duboscq and 
Lebailly. (Duboscq and Lebailly, 
Compt. rdnd. Acad. Sci. Paris, fJJ, 1912, 
662; Treponema legeri Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., 3, 
1931,1683.) From a fish. Box hoops, 

Spirochaela microgyrata Loewenthal. 
(Loewenthal, Berl. klin. Wochnschr., 48, 
1906, 283; Spironema microgyrata Nogu- 
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chi, J6ur. Exp. Med., )?7,1918,584; Spiro- 
schaudinnia microgyrata Cajstellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 454; Treponema microgyratum 
Brumpt, Nouveau Traits de M4decine, 
1922, 506.) From cancerous ulcers of 
man, dogs, and mice. Regarded by Hoff* 
mann and Prowazek (Cent. f. ^kt., I 
Abt., Orig., 4U 1906, 819) as identical 
with Spirochaeta dentium, 

Spirochaeta parotitidis Lehmann. (In 
Lehmann and Neumann, Bakt. Diag., 7 
AuO., B, 1927, 580.) Pathogenic, produc* 
ing a disease similar to mumps in experi¬ 
mental animals (cats) and causing paro¬ 
titis and orchitis in apes. 

Spirochaeta penoriha Beveridge. (Aus> 
tral. Jour. Expt. Biol, and Med. Sci., 14t 
1936, 307.) This organism is also called 
Treponema podovia according to Shahan, 
in Keeping Livestock Healthy, U. S. 
D. A. Yearbook of Agriculture, Part 6, 
1942, 830.) Present as an accessory fac¬ 
tor in foot-rot of sheep. Also see Acti¬ 
nomyces ru>dostLS. 

Spirochaeta phlebotomi Pringault. 

(Compt. rend. Soc. Biol., Paris, 8^, 1921, 
209.) From the sand, fly, Phlebotomus 
pemidoaus. 

Spirochaeta psevdopallida Mulzer. 

(Mulzer, Berl. klin. Wchnschr., 4^, 1905, 
1144; Spiroschaudinnia psevdopallida 
Castellan! and Chalmers, Man. Trop. 

Med., 3rd ed., 1919,449; Treponema pseu¬ 
dopallidum Brumpt, Nouveau Traits de 
M5decine, Paris, 4t 1922,511.) Found in 
ulcerating carcinomata. 

Spirochaeta skoliodonta Hoffmann. 

(Hoffmann, Cent. f. Bakt., I Abt., Orig., 
86, 1920,137; Spirochaeta acuta Kritchev- 
sky and S5guin, 1920, according to S4guin 
and Vinzent, Ann. Inst. Past., 67, 1941, 
62; Treponema skoliodontum Noguchi, in 
Jordan and Falk, Newer Knowledge Bact. 
and Immun., 1928, 481.) From the peri¬ 
toneal exudate of a guinea pig. One of the 
smallest known spirochetes. From the 
oral cavity. 

Spirochaeta svbtilis Castellan!. (Cas¬ 
tellan!, 1907; Spiroschaudinnia sid)tili8 
Castellan! and Chalmers, Man. Trop. 


Med., 3rd ed., 1919,450; Treponema sub¬ 
tile Brumpt, Nouveau Trait6 de M4de- 
cine, Paris, 4, 1922, 514; Spironema svb¬ 
tilis Pettit, Contribution h I'fitude des 
Spiroch5tid4s, Vanves, II, 1928.) From 
the oral mucosa and from intestinal con¬ 
tents. May be a synonym of Spirochaeta 
dentium, 

Spirochaeta urethralia Castellani. 
(Castellan,!, 1915; Treponema urethrale 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919,1944.) From a puru¬ 
lent urethral discharge. 

Spirochaeta vaccinae Bonhoff. (Bon- 
hoff, Berl. klin. Wochnschr., 4^, 1905, 
1142; Treponema vaccinae Brumpt, Nou¬ 
veau Trait4 de M4decine, Paris, 4> 1922, 
515.) From vaccinia. 

Spirochaeta vaginalis Macfie. (Mac- 
fie, Ann. Trop. Med. and Parasitol., 10, 
1916, 315; Treponema vaginalis Brumpt, 
Nouveau Trait4 de M4decine, Paris, 4» 
1922, 514.) From a case of vaginitis in a 
Gold Coast native. 

Spirochaete hartmanni Gonder. (Gon- 
der. Cent, f. Bakt., I Abt., Orig., 47,1908, 
491; Spironema hartmanni Gross, Cent, f. 
Bakt., I Abt., Orig., 66, 1912, 88; Spiro¬ 
chaeta hartmanni Noguchi, Jour. Exp. 
Med., 34, 1921, 297; Treponema hart¬ 
manni Ford, Textb. of Bact., 1927, 990.) 
From the digestive tract of molluscs. 
Pinna spp, 

Spirochaete polyspira Wolff. (Wolff, 
Cent. f. Bakt., II Abt., 18, 1907, 448; 
Treponema polyspirum Wolff, ibid ,; Spi¬ 
rochaeta polyspira Pettit, Contribution k 
r£tude des Spiroch4tid4s, Vanves, II, 
1928, 14.) From rotten potatoes. 

Treponema carpanoi Yakimoff and 
Rastjapin. (Arch. f. Protistenk., 71, 
1930, 543.) From stomatitis of horses. 

Treponema cotti Duboscq and Lebailly. 
(Duboscq and Lebailly, Arch. Zool. Ex- 
p4r. et G4n., 10, 1912, 331; Microspiro- 
nema coiii Duboscq and Lebailly, Compt. 
rend. Acad. Sci., Paris, 164, 1912, 662.) 
From the marine bullhead. Coitus bubalis. 

Treponema dentium (Miller) Dobell. 
(Spirochaete im Zahnschleim, Cohn, 
Iteitr. z. Biol. d. Pflansen, 1, Heft 2,1872, 
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180; Spiroekaete dentieola Fliigge, Die 
Mikroorganismen, 2 Aufl., 1886, 390; 5pt. 
roehaete dentium Miller, Microorganisms 
of the Human Mouth, Philadelphia, 1890, 
80; Spirillum dentium Sternberg, Manual 
of Bact., 1893, 694; Spirochaeta dentium 
Migula, in Engler and Prantl, Die natUrl. 
Pflanzenfam., /, la, 1895, 35; Spirochaeta 
dentieola Arndt, according to Hoffmann 
and Prowazek, Cent. f. Bakt., I Abt., 
Orig., 41, 1906, 819; Dobell, Arch. f. 
Protistenk., 26, 1912,117; Spironema den¬ 
tium Gross, Cent, f. Bakt., I Abt., Orig., 
66, 1912,88; Spirochaeta dentinum McFar¬ 
land, Pathogenic Bacteria and Protozoa, 
7th ed., 1912, 546; Treponema microden- 
Hum Noguchi, Jour. Exp. Med., 16, 1912, 
81; Spirochaeta orthodonta Hoffmann, 
Deutsch. med. Wochnschr., 46, 1920, 257; 
Spirochaeta microdentium Heim, Lehr. d. 
Bakt., 6and 7 Aufl., 1922,477; Treponema 
dentieola Brumpt, Nouveau Trait4 de 
Mddecine, Paris, 4> 1922, 497; Treponema 
orthodontum Noguchi, in Jordan and Falk, 
Newer Knowledge Bact. and Immun., 
1928, 481; Treponema deniium-sieno- 
gyratum Pettit, Contribution h Tfitude 
des Spiroch4tid4s, Vanves, II, 1928, 240.) 
The smallest of the mouth spirochaetes. 
Non-pathogenic. This term probably in¬ 
cludes several morphologically similar 
species which have not as yet been suffi¬ 
ciently characterized. 

Treponema droaophilae Chatton. 
(Compt. rend. Soc. Biol., 73, 1912, 212.) 
From Drosophila confusa. Six to thirty 
microns in length, tapers at both ends, 
four spirals, movement helicodal. 

Treponema gallicolum Lebailly. 
(Compt. rend. Soc. Biol., Paris, 76, 1913, 
389.) From the caecum of the hen. Gal- 
lus sp. 

Treponema hilli Duboscq and Grass^. 
(Compt. rend. Soc. Biol., Paris, 94, 
1926, 34; Arch. Zool. Exp4r. et G4n., 66, 
1927,484.) From the surface of the body 
of a flagellate, Devescovina hilli, and in 
the inteaitine of a termite, Olyptoiermes 
iridipennis. A very small organism. 

Treponema intermedium Dobell. 
(Mittelformen, Lflhe, Handb. d. Tropen- 


krankh., 3, 1906; see Hoffmann and Pro¬ 
wazek, Cent. f. Bakt., I Abt., Orig., 41t 
1906,819; Dobell, Arch, f. Protistenk., 26, 
1912, 117; Treponema macrodentium No¬ 
guchi, Jour. E3(p. Med., 16, 1912, 81; 
Spirochaeta media oris Hoffmann, 
Deutsch*. med. Wochnschr., 46,1920,257; 
Treponema medium Brumpt, Nouveau 
Traits de M5decine, Paris, 4j 1922, 505; 
Spirochaeta intermedia Pettit, Contribu¬ 
tion k rfitude des Spiroch4tid^s, Vanves, 
II, 1928, 146; Spirochaeta macrodentium 
Pettit, ibid., 182; Spirochaeta media and 
Spironema media Pettit, ibid,, 240.) The 
middle-sized spirochete of the mouth. 

Treponema lari Lebailly. (Compt. 
rend. Soc. Biol., Paris, 76, 1913, 389.) 
Found in the caecum of birds, also in the 
guinea-pig. Named for one of the birds, 
Larus ridibundus. 

Treponema minutum Dobell. {Trepo¬ 
nema sp. Dobell, Quart. Jour. Microsc. 
Sci., 52, 1908, 121; Dobell, Arch. f. Pro¬ 
tistenk., 26, 1912, 151; not Treponema 
minutum Castellani, 1916; not Treponema 
minutum Noguchi, Jour. Exp. Med., 27, 
1918, 671; Spirochaeta minutum Zuelzer, 
1925, in Prowazek, Handb. d. path. Pro- 
toz., 3,1931,1682.) From the large intes¬ 
tines of toads, Bufo vulgaris. 

Treponema parvum Dobell. (Dobell, 
Arch, f. Protistenk., 26, 1912,117; Spiro¬ 
chaeta parvum Zuelzer, 1925, in Prowazek, 
Handb. d. path. Protoz., 3, 1931, 1685.) 
From the intestine of the cockroach, Sty- 
lopyga {Blatta, Periplaneta) orientalis. 
Very small organism. 

Treponema pavonis Duboscq and Le¬ 
bailly. (Arch. 2kx>l. Exp4r. et G4n., W, 
1912, 331.) From the intestine of the 
blenny, Blennius pavo. 

Treponema perexile Duboscq and Le¬ 
bailly. (Duboscq and Lebailly, Arch. 
Zool. Exp4r. et G4n., 10 , 1912,331; Spiro¬ 
chaeta perexilis Hindle, Med. Res. Coun¬ 
cil Syst. of Bact., 8, 1931, 180.) From 
the blood of a marine fish, Lepadogaster 
bimaculatus. 

Treponema podovis Ludovic and Blai- 
zot. (Compt. rend. Acad. Sci. Pbris, 187, 
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1928,911.) Pathogenic. Cause of a dis¬ 
ease in sheep. 

Treponema querquedulae Lebailly. 
(Compt, rend. Soc. Biol., Paris, 75^ 1913, 
389.) From caeca of birds. Named for 
the teal, Querquedttla querqtiedula. 

Treponema rhinopharyngeum Brumpt. 
{Treponema minuturn Castellani, 1916; 
Spiroschaudinnia minuta Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 1881; Brumpt, Nouveau Traitd de 
M^decine, Paris, 1922, 514.) From 
man in cases of rhinopharyngitis. Prob¬ 
ably a synonym of Spirochaeia gracilis. 

Treponema rigidnm Zinsser and Hop¬ 
kins. (.Jour. Bact., /, 1916, 489.) From 
the tissues in five dilTerent strains of rab¬ 
bit syphilis. Probablj'^ a synonym of 
Treponema cuniculi. 

Treponema sperm if or mis Duboscq and 
(Irassf^. (Arch. Zool. Kxpdr et G^n., 66 ^ 
1927,483.) From the rectum of a termite, 
Glyptotermes iridipennis. 

Treponema squatarolae Lebailly. 
(Compt. rend. Soc. Biol., Paris, 75, 1913, 
389.) From the caecum of a hi rd, Squata- 
rola squaiarola. 


Treponema stylopygae Dobell. (Do¬ 
bell, Arch. f. Protistenk., 26^ 1912, 117; 
Spirochaeia stylopygae Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., 3, 
1931, 1685.) From the intestines of the 
cockroach, Stylopyga orienialis. 

Treponema tricalle CJohn. (Ck)hn, 
1872, quoted from Castellani and Chal¬ 
mers, Man. Trop. Med., 2nd ed., 1913, 
414.) 

Treponema triglae Duboscq and Le¬ 
bailly. (Arch. Zool. Expdr et Gdn., JO, 
1912,331.) From the rectum of a fish, 
Trigla lucerna. 

Treponema tropiduri Neiva, Marques 
da Cunha and Travassus. (Mem. do 
Inst. Oswaldo Cruz,6‘, 1914,180.) From 
the blood of a South American lizard, 
Tropidurus torquatns. 

The following species are listed in the 
index of Castellani and Chalmers, Manual 
of Tropical Medicine, 2nd ed., 1913,1718- 
1719, hut are not mentioned in the text 
(pp. 136-141): Treponema hovidae, T. 
camelidacj T. canidne, T.felidae^ T. hip¬ 
popotami, T. reptilia, T. rhinoceri, T. 
selachii, T. suidne, T. nngulnta and T. 
nrsidac. 


Genus III. Leptospira Noguchi. 
tJour. Kxp. Med., ^5, 1917, 753.) 

Finely coiled organisms 6 to 20 microns in length. Spirals 0.3 micron in depth and 
0.4 to 0.5 micron in amplitude. In liquid medium one or both ends are bent into a 
semicircular hook each involving iV to 1 of the organism. Spinning movements in 
liquid and vermiform in semisolid agar, forward or backward. Seen in living prepara¬ 
tions only with dark field. Stain with difficulty except with Giemsa’s stain and silver 
impregnation. Hecjuire oxygen for grow'th. 

The type sjKjcies is Leptospira ictcrohaemorrhagiae (Inadaand Ido) Noguchi. 


1. Leptospira icterohaemorrhagiae 

(Inada and Ido) Noguchi. {Spirochaeia 
ictcrohaemorrhagiae Inadaand Ido, Tokyo 
Ijishinski, 1915; Inada, Ido, Hoki, Ka- 
neko and Ito, Jour. Exp. Med.,;?3, 1916, 
377; Spirochaeia icterogenes Uhlenhuth 
and Fromme, Med. Klin., JJ, 1915, 1202; 
Spirochaeia nodosa Huebner and Reiter, 
Deutsch. med. Wochnschr., J^l, 1915, 
1275; Noguchi, Jour. Exp. Med., 35,1917, 


755; Spiroschaudinnia icterohaemor¬ 
rhagiae Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 447; Trepo¬ 
nema icterogenes Gondcrand Gross, Arch, 
f. Protistenk., 89, 1919, 62; Spirochaete 
ictero-haemorrhagica (sic) Lehmann and 
Neumann, Bakt. Diag., 6 Auff., 3, 1920, 
810; Treponema ictero-hemorragiae (sic) 
Brumpt, Nouveau Traits de M5decine, 
Paris, 4 , 1922, 501; Treponema nodosum 



FAMILY TKBPONEMATACEAE 


1077 


Brumpt, ibid., 508; Lepio&pira icterogenes 
Ford, Textb. of Bact., 1927, 994; Lepto¬ 
spira nodosa Ford, ibid., 993.) From 
Greek iciems, jaundice and hemorrhagiae, 
bleeding. 

Morphology: 0.26 to 0.3 by 6 to 9 mi¬ 
crons and occasionally 20 to 25 microns. 

Spiral amplitude: 0.4 to 0.5 micron, 
regular, rigid. 

Spiral depth: 0.3 micron, regular. 

Waves: One or more gentle waves 
throughout entire length. When in 
liquid media, one or both ends may be 
semicircularly hooked, while in semisolid 
media the organism appears serpentine, 
waved or bent. Very active flexibility. 

Terminal filament and flagella absent. 

Body stains reddish by Giemsa's stain. 

Bile salts (10 per cent): Easily dis¬ 
solved. 

Saponin (10 per cent): Completely re¬ 
sistant. 

Cultured easily in medium containing 
10 per cent rabbit serum, 0 2 per cent 
agar, slight amount of hemoglobin in salt 
or Ringer^s solution. Does not grow in 
surface colonies. 

Temperature range: 25® to 37°('. Re¬ 
mains alive longer at 25°C. 

Pathogenic for guinea pigs and deer- 
mice. 

Habitat: The cause of infectious jaun¬ 
dice in man (Weil's disease). Found in 
the kidneys, urine and blood of wild rats. 
No insect vector known. Found free- 
living in water and slime (in mines), 

2. Leptospira hebdomadls (Ido et al.) 
Noguchi. (Spirochaeta nanukayami 
Ido, Hoki, Ito and Wani, Nippon Gakkai 
Zasshi, 5, 1917, No. 5 ; Spirochaeta hebdo- 
tnadis Ido, Ito and Wani, Jour. Exp. 
Med., 28, 1918, 435; Spiroschaudinnia 
hebdomadis Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 448; No¬ 
guchi, Jour. Exp. Med., SO, 1919, 17; 
Treponema hebdomadis Brumpt, Nouveau 
Traitd de Mddecine, Paris, 1922, 501.) 
From Latin, seven days. 

Morphologically indistinguishable from 


Leptospira icteroheamorrhagiae but can be 
distinguished serologically. 

In man causes less jaundice than Lepto¬ 
spira icterohaemorrhagiae and is never 
fatal. 

Identical with Type B, Leptospira au- 
Inmnalis. 

Slightly pathogenic for young guinea 
pigs. 

Is carried by the field vole {Microtus 
montibelli). 

Habitat: Cause of seven-day fever or 
gikiyami in Japan. 

3. Leptospira biflexa (Wolbach and 
Binger) Noguchi. {Spirochaeta biflexa 
Wolbach and Binger, Jour. Med. Res., SO, 
1914, 23; Noguchi, Jour. Exp. Med., 27, 
1918, 585; Spirochaeta psevdo-icterogenes 
{nquatilis) Uhlenhuth and Zuelzer, Cent, 
f. Bakt., I Abt., Orig., 85, 1921,* 141; Spi¬ 
rochaeta pseudo icterogenes Uhlenhuth and 
Zuelzer, Klin. Wochnschr., 1, 1922, 2124; 
Spirochaeta pseudo-icterohemorrhagfae 
Vinzent, Compt. rend. Soc. Biol., Paris, 
95, 1926, 1472; Leptospira pseudoictero- 
genes Noguchi, in Jordan and Falk, Newer 
Knowledge Bact. and Immun , 1928,461.) 
From Latin, doubly bent. 

Size: 0.2 to 0.25 by 5 to 7 microns with 
tapering ends. Spiral amplitude 0.2 to 
0.25 micron. Will pass through an IjS 
candle filter. 

Waves: 22 to 30 in number. 

Stains: Best results with Giemsa’s 
stain. 

Culture: Can grow in distilled water 
plus 0.1 per cent potassium nitrate. 
Rabbit serum in distilled water is best 
medium. 

Optimum temperature 20®C. 

Antigenically distinct from Leptospira 
icterohaemorrhagiae. 

Not pathogenic. 

Source: From tap water, ponds and 
pools in Berlin. 

Habitat: Fresh water. 

4. Leptospira canicola Okell et al. 
(Okell, Dalling and Pugh, Vet. Jour., 81, 
1925, 3.) From Latin, dog-dweller. 
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Morphologically indistinguishable from 
Leptospira icterohaemorrhagiae. 

Cultivation: Same as Leptospira iciero- 
haemorrhagiae. 

Immunology: Some cross-reaction with 
Leptospira icterohaemorrhagiae, but spe¬ 
cific in higher dilutions of immune scrum. 

Source: From blood of dogs. 

Habitat: A natural parasite of dogs. 
Causes a chronic disease of old dogs char¬ 
acterized by uremia, not jaundice. Fatal 
in 80 per cent of those infected. No 
intermediate host known. Probably 
transmitted by direct contact; possibly 
by healthy carriers. 

Appendix: The species listed below are 
inadequately described and may be iden¬ 
tical with those described in full. 

Leptospira aqueductum (sic) Ford. 
(Spirochaeta pseudoicterogenes aquaediic- 
tuum Uhlenhuth and Zuelzer, Cent. f. 
Bakt,, I Abt., Orig,, 85, 1921, *150; 
Ford, Textb. of Bact., 1927, 998.) From 
fresh water of aqueducts. Probably a 
synonym of Leptospira biflexa. 

Ijeplospira asthenoalgiae Carbo-Noboa. 
(Bull. Inst. Past., 1924 , 898.) From 
blood, urine and organs of persons having 
dengue. 

Leptospira autumnalis Topley and Wil¬ 
son. (Akiyami Type A, Koshina, Shiwo- 
zawaand Kitayama, Japan. Med. Wld., 4, 

1924, 268; see also Jour. Exp. Med., 4^, 

1925, 873; Topley and Wilson, Princip. 
Bact. and Immun., 1st ed., 1931, 1202; 
Spirochaeia autumnalis A, quoted from 
Hindle, Med. Res. Council Syst. of Bact., 
8,1931,312; Spirochaeta autumnalis Hin¬ 
dle, ibid.) The cause of akiyami or har¬ 
vest sickness in Japan. May be identical 
with Leptospira icterohaemorrhagiae. 

Leptospira bataviae. (1925, quoted 
from Gispen and Schtiffner, Cent. f. 
Bakt., I Abt., Orig., IJJ, 1939, 427.) 
From a case of fever in the Dutch East 
Indies. Probably a synonym of Lepto¬ 
spira hebdomadis. 

Leptospira biliohemoglohinuriae (Blan¬ 
chard and Lefrou) Noguchi. (Spiro- 
ehaota bilio-hemoglobinuriae Blanchard 


and Lefrou, Compt. rend. Acad. Sci., 
Paris, 175, 1922, 602; Noguchi, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928,490.) From cases of black- 
water fever. 

Leptospira bonariensis Savino and 
Rennella. (Rev. Inst. Bact. “Dr. Car¬ 
los G. Malbram“, 18, 1944, 182.) From 
gray rats. 

Leptospira bovis Noguchi. (New York 
State Med. Jour., 88 , 1922, 426.) From 
the gastric mucosa of the ox. 

Leptospira couvyi Gomes de Faria. 
(Compt. rend. Soc. Biol., Paris, 90, 1924, 
65; Spirochaeta couvyi Hindle, Med. Res. 
Council Syst. of Bact., 8 , 1931, 317.) 
From the blood of persons having dengue. 

Leptospira dentale Perrin. (Rev. Mex. 
de Biol., 8, 1922,171.) Found in the pus 
of bucco-inaxillary gangrene. 

Leptospira grippo-iyphosa Topley and 
Wilson. (Topley and Wilson, Princip. 
Bact. and Immun., 2nd ed., 1036, 728; 
Spirochaeta dmitrovi llimpau, Schloss- 
bergcriind Kathc, Cent. f. Bakt., I Abt., 
Orig., 141 , 1038, 320.) The cause of 
swamp fever in Europe. Probably syn¬ 
onymous with Leptospira hebdomadis. 
Also see Baschenin, Cent. f. Bakt., I 
Abt., Orig., 113, 1929,438and 450; Dinger 
and Versclmffelt, A»m. Inst. Past., 45, 

1930, 396. 

Leptospira haemoglobin unac SchuiTner. 
(Geneesk. Tijdschr. Xed. Indie, 55,1918, 
352; Spirochaeta haemoglohinnriac Hin¬ 
dle, Med. Res. Council Syst. of Bact., 8 , 

1931, 314.) From the blood of a Javanese 
jmtient sutTering from an attack of black- 
water fever. 

Leptospira icterohemoglobinuriae 

Schtiffner. (Schtiffner, Geneesk. Tijd¬ 
schr. V. Ned. Indie, 68, 1918, 352, accord¬ 
ing to Pettit, Contribution h PEtude des 
Spirochtitid^s, Vanves, II, 1928; Spiro¬ 
chaeta icterohemoglobinuriae Schtiffner, 
Mededeel. Burgerl. Geneesk. Dienst in 
Nederl. Indie, 58, 1918, 7 (according to 
Blanchard and lefrou, Compt. rend. 
Acad. Sci., Paris, 176, 1922, 602); Trepo¬ 
nema icterohemoglobinuriae Brumpt, 
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Nouveau Traits de M4decine, Paris, 4 , 
1922, 601.) From the blood in a case of 
blackwater fever. 

Leptospira interrogans (Stimson) No¬ 
guchi. (Spirochaeta interrogans Stim¬ 
son, U. S. Public Health Kept., Part I, 
1907, 541; Leptospira icteroides Noguchi, 
Jour. Exp. Med., 29, 1919, 681; Trepo¬ 
nema interrogans Brumpt, Nouveau 
Traits de M4decine, Paris, 4, 1922, 505; 
Treponema icteroides Brumpt, ibid ,; Spi¬ 
rochaeta icteroides Lehmann and Neu¬ 
mann, Bakt. Diag., 7 Aufl., 2 , 1927 , 576; 
Noguchi, in Jordan and Falk, Newer 
Knowledge Bact. and Immun., 1928, 454.) 
Noguchi (1928) regards this species as 
identical with Leptospira icterohaemor- 
rhagiae. 

Leptospira pettiti (Fiessinger) Hindle. 
[Spirochaete pettiti Fiessinger, Ann. de 
M4d., 6 , 1918, 156; Treponema pettiti 
Brumpt, Nouveau Traitd de M4decine, 
Paris, 4> 1922, 510; Hindle, Med. Res. 
Council Syst. of Bact., 8,1931,316; Spiro- 
chaeta pettiti Hindle, idem, not Spiro¬ 
chaeta pettiti Row, Jour. Trop. Med. and 
Hyg., 1922,364.) From urine. Morpho¬ 
logically indistinguishable from Lepto¬ 
spira icierohaemorrhagiae, 

Leptospira pyrogenes Vervoort. (Ver- 
voort, Geneesk. Tijdschr. v. Ned. Indie, 
6S, 1923, 8(X); Spirochaeta fehrilis Ver¬ 
voort, Rep. Far East. Assoc. Trop. Med., 
Ix)ndon, 1923, 683; Spirochaeta pyrogenes 
Hindle, Med. Res. Council Syst. of Bact., 
8, 1931, 314.) From the blood of persons 
suffering from dengue-like fevers in Su¬ 
matra. Pathogenic. 

Leptospira saxkoebing Petersen. (Acta 
Path, et Microbiol. Scand., 21, 1944, 
165.) A new serological type. 

Leptospira salina Ford. (Spirochaeta 
pseudoicterogenes salina Uhlenhuth and 


Zuelzer, Cent. f. Bakt., I Abt., Orig., 
85, 1921, *150; Ford, Textb. of Bact., 

1927, 998.) From salt water. 

Leptospira trimerodonta (Hoffmann) 

Noguchi. (Spirochaeta trimerodonta 
Hoffmann, Deutsch. med. Wochnschr., 
4 S, 1920, 257; Leptospira dentium Hoff¬ 
mann, ibid., 625; Leptospira bvccalis 
Fontana, according to Pettit, (Ik)ntribu- 
tion ^ rfitude des Spiroch^tidds, Vanves, 
II, 1928, 232; Noguchi, in Jordan and 
Falk, Newer Knowledge Bact. and Im¬ 
mun., 1928; 461.) From the oral cavity. 
May be synonymous with Leptospira 
icierohaemorrhagiae . 

Spirochaeta anthropopitheci Wilbert 
and Delorme. (Ann. Inst. Past., 4f» 
1927,1147.) Pathoge nic for chimpanzees 
in French Guinea. Probably identical 
with Leptospira icierohaemorrhagiae. 

Spirochaeta elusa Wolbach and Binger. 
(Wolbach and Binger, Jour. Med. Res., 
SO, 1914, 9; Treponema elusum Bergey ct 
al., Manual, 1st ed., 1923, 428.) From 
pond water. Not pathogenic. For a de¬ 
scription of this species, see Bergey et al.. 
Manual, 5th ed., 1939, 957. 

Spirochaeta ictero-uraemia canis Klar- 
enbeek. (Tijdschr. Diergeneesk., 65, 

1928, 227.) From the kidneys of dogs. 
Pathogenic for guinea pigs. May be syn¬ 
onymous with Leptospira icterohaemor 
rhagiae or L. canicola. 

Spirochaeta pseudohebdomadis Zuelzer. 
(1925, in Prowazek, Handb. d. path. 
Protoz., S, 1931,1671.) Probably identi¬ 
cal with Leptospira hebdomadis 
Spirochaeta trimeres Hoffmann. 
(Deutsch. med. Wochnschr., 4 ^, 1920, 
257.) From the oral cavity. May be 
synonymous w’ith Leptospira trimero¬ 
donta. 
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ORDER RICKETTSIALBS GIESZCZYKIEWICZ* 

(Bull. Intern. Acad. Polon. Sci., Glasse Math. Nat., B(l), 1039, 9-30.) 

Small, rod-shaped, coccoid, spherical and irregularly-shaped microoiganisms which 
stain lightly with aniline dyes. Gram-negative. Usually not filterable. Cultivated 
outside the body, if at all, only in living tissue, embryonated eggs'or rarely in media 
containing body fluids. Parasitic organisms intimately associated with tissue cells 
and erythrocytes, chiefly iu’vertebrates and often in arthropods which act as vectors. 
The intracellular parasites of Protozoa may also belong here. May cause 
in man or animals, or both. 

Key to the families of order Rlckettsisles. 

I. Intracellular parasites, or parasites intimately associated with tissue ceils. 
Do not occur in erythrocytes. Frequently cause diseases of vertebrates trans¬ 
mitted by arthropod vectors. 

Family I. Rickettsiaceae, p. 10^. 

II. Facultative intracellular or extracellular parasites found characteristically in 
or on the erythrocytes of vertebrates. May be transmitted by arthropod vectors. 

Family II. BarUmeUauae, p. 1100. 

III. Intracellular parasites found in vertebrate tissues and not transmitted by 
arthropod vectors. 

Family III. Chlamydozoaeeae,p, 1114. 

♦FAMILY I RICKETTSIACEAE PINKERTON. 

(Pinkerton, Parasitology, 2S, 1936, 186; Rickettsiales Buchanan and Buchanan, 
Bacteriology, 4th ed., New York, 1938, 49.) 

Small, often pleomorphic, rod-shaped, ovoid, coccoid and coccus-shaped bacterium¬ 
like organisms, intimately associated with arthropod tissues, usually in an intra¬ 
cellular position. Stain lightly with aniline dyes. Gram-negative. Have not been 
cultivated to date in cell-free media. May be pai*a8itic to man and other animals 
causing diseases (typhus and related ills) that are transmitted by arthropod vectors 
(lice, fleas, ticks, mites and probably other ectoparasites). 

Key to the genera of family Rickettsiaceae.f 

I. Cells rod-shaped, ellipsoidal and coccoid. 

A. Non-filterable. 

Genus I. Rickettsia^ p. 1084. 

B. Filterable. 

Genus II. Coxiella, p. 1092. 

II. Cells spherical, occasionally elongated. 

Genus III. Cowdria^ p. 1094. 


♦ Prepared by Dr. Ida A. Bengtson (retired), National Institute of Health, 
Bethesda, Maryland, November, 1946. Through the courtesy of Dr. Edward A. 
Steinhaus much use was made of material from his book, Insect Microbiology, Ithaca, 
1946,763 pp. before it was generally available. , ^ 

t Includes only those rickettsiae which have been rather completely studied. 
For additional rickettsiae, see appendix. 
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Qenu9 /. Rickettsia da Rocha-IAma, 

(Berl. klin. Wchnschr., 55, 1916, 667-569.) Named for Howard Taylor Ricketts 
who lost his life studying typhus fever. 

Small, often pleomorphic, rod-shaped to coccoid organisms occurring intracyto- 
plasmically in lice, fleas, ticks and mites, or sometimes intranuclearly. Stain lightly 
with aniline dyes. Gram-negative. Non-filterable. Have not been cultivated in 
cell-free media. Parasites of man and animals which are the etiological agents of 
epidemic typhus, murine or endemic typhus, Rocky Mountain spotted fever, tsu- 
tsugamushi disease, rickettsialpox and other diseases. 

For reasons that are discussed elsewhere (Bengtsoii, Jour. Bact., 55, 1947, 325) 
the genus Dermocentroxenus has been united with the genus Rickettsia. 

The type species is Rickettsia prowazekii da Rocha-Liina.* 


I. Louse-borne 
II. Flea-borne. 

III. Tick-borne. 

IV. Mite-borne. 


Keif to the species of genus Rickettsia. 

1. Rickettsia prowazekii. 

2. Rickettsia iyphi. 

3. Rickettsia rickettsii. 

4. Rickettsia conorii. 

5. Rickettsia tsutsugamushi. 

6. Rickettsia akari. 


1. Rickettsia prowazekii da Rocha- 
Lima. (da Rocha-Liina, Berl. klin. 
Wchnschr., 55, 1916, 567; Rickettsia 
exanthematotyphi Kodama, Kitasato 
Arch. Exper. Med., 5, 1932, 360; Rickett¬ 
sia prowazeki var. prowazeki Pinkerton, 
Parasitology, 28, 1936, 186; Rickettsia 
prowazeki sub-species prowazeki Philip, 
Amer. Jour. Hyg., 57,1943, 307.) Named 
for S. von Prowazek who lost his life 
studying typhus fever. 

Minute coccoid, ellipsoidal and ovoid 
forms to short rods, sometimes long rods 
and occasionally filamentous forms, often 
in pairs and occasionally in chains. In 
infected lice the minute coccoid and 


paired coccoid forms predominate over 
the short and long rods and the filamen¬ 
tous forms which are up fo 40 microns in 
length. Single elements 0.25 by 0.4 to 
0.3 by 0.45 micron. Pairs range from 
0.25 by 0.7 to 0.3 by 1.1 microns. In 
yolk sacs the organisms vary in size from 
minute coccoid forms in heavily infected 
tissue to rod forms resembling small 
bacteria in lightly infected tissue. 
Within the same'smear of infected mam¬ 
malian cells and in chick embryo tissue 
the organisms are quite uniform in size 
and morphology. Occur intracytoplas- 
mically in vascular endothelial cells and 
in serosal cells. Non-motile. 


* The Editors of the Manual follow Recommendation XL of the International 
Botanical Code (see p. 69) in regard to the endings used for specific names. This 
calls for the use of the ii ending for epithets taken from the name of a man ending in 
a consonant (except names ending in er). Some students of the Rickettsiaceae fol¬ 
low the International Rules of Zoological Nomenclature which use ii only in case the 
name used was employed and declined in Latin. Zoologists use the single i for 
modern patron 3 rmics based on all other names of men. 
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The organisms are colored purplish 
with the Giemsa stain, the two indi¬ 
viduals of a pair being connected by a 
sone of faintly blue stained material. 
They are colored blue with Castafteda 
stain (Jour. Inf. Dis., 1930, 416) and 
bright red against a blue background with 
Machiavello stain (Rev. Chilena de Hig. 
y Med. Prev., jf, 1937, 101). Gram¬ 
negative. 

Cultivation: In plasma tissue cultures 
of mammalian cells, in the louse intestine, 
in modified Maitland media with and 
without agar, on chorio allantoic mem¬ 
brane and yolk sac of chick embryo, the 
latter being currently the medium of 
choice. 

Optimum temperature 32°C in plasma 
tissue culture, 35®C in chick embryo 
ceils. 

Immunology: Immunity prolonged but 
may not be complete in man. India 
tinguishable from endemic (murine) 
typhus in cross immunity tests in guin(?a 
pigs, but distinguishable from Rocky 
Mountain spotted fever and other rickett¬ 
sial diseases in such tests. Neutraliz¬ 
ing antibodies are found in the serum of 
recovered guinea pigs and convalescent 
humans up to 2 to 3 weeks after defer¬ 
vescence. Killed vaccines produced 
from infected lice and from infected yolk 
sacs afford a high degree of protection 
against the disease. Hyperimmune anti¬ 
sera for therapeutic use have been pro¬ 
duced in rabbits by injection with 
infected yolk sac suspensions and in 
horses and donkeys with infected mouse 
lung suspensions. 

Serology: Strains from various parts 
of the world are closely related as de¬ 
termined by complement fixation; are 


distinguishable from other rickettsiae by 
agglutination, complement fixation and 
precipitin tests; have a common anti¬ 
genic factor (alkali stable polysac¬ 
charide) with Proteus 0X19; and have 
a soluble antigen in yolk culture. 

Lethal effect: Heavily infected yolk 
sac cultures injected intravenously or 
intraperitoneally are fatal to white mice 
in a few hours. 

Resistance to chemical and physical 
agents: Readily inactivated by heat and 
chemical agents. A temperature of 50®C 
kills the organism in 15 to 30 minutes, and 
0.5 per f^ent phenol and 0.1 per cent 
formalin kill the organism. 

Pathogenicity: Pathogenic for man, 
apes, monkeys, guinea pigs, cotton rats, 
gerbilles, the louse {Pediculus humanus), 
Inapparent infections occur in white 
mice, white rats and rabbits. A charac¬ 
teristic febrile reaction wdth no mortality 
and without testicular swelling occurs in 
the guinea pig. Passage in guinea pigs 
is accomplished by transfer of blood or 
brain from infected animals. Causes a 
febrile disease with exanthema and high 
mortality in man. 

Source: Seen in the blood of typhus 
patients and in smears of epithelial cells 
of the intestinal tract of lice fed on 
typhus patients. 

Habitat: The body louse (PedictUus 
humanus var. corporis), head louse 
{Pediculus humanus var. capitis) and 
Pedicinus longiceps. The etiological 
agent of epidemic typhus (European 
typhus, classical typhus, typhus exan- 
thematicus). 

2. ^Rickettsia typhi (Wolbach and 
Todd) Philip. {Dermacentrozenus 


* Some may regard the binomial RicIceUsia tuphi as invalid because of its previous 
use by do Amaral and Montciro for the organism causing eastern Rocky Mountain 
spotted fever. However, because the binomial Dermacentroxenus typhi Wolbach 
and Todd clearly has priority and because the binomial proposed by do Amaral and 
Monteiro has never come into general use, Rtekettsia typhi Philip has been accepted 
for use in the Manual. If Philip’s binomial had been rejected, then it would have 
been necessary to accept Rickettsia manchuriae Kodama et al. as this appears to have 
priority over the more generally used Rickettsia mooseti Monteiro.—Editors. 
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iypki Wolbach and Todd (not Tood), 
Ann. Inst. Past,, 5^, 1920, 168; minute 
intracellular bodies, Mooser, Jour. Inf. 
Dis., 1928, 261; Rickettsia manchuriae 
Kodaina, Takahashi and Kono, Saiking- 
aku-Zasshi (Jap.), No. 426, 427, Aug. 
and Sept., 1931; sec Kodama, Kono and 
Takahashi bibliography, Kitasato Arch. 
Exper. Med., 9, 1932, 95; Rickettsia 
mooseri Monteiro, Mem. Inst. Butantan, 
e, 1931, 97 (pub. July, 1932), see do 
Amaral and Monteiro, bibliography, ibid.y 
7, 1932, 367; Rickettsia exanthematofebri 
Kodama, Kitasato Arch. Exp. Mgd., 5, 
1932, 360; Rickettsia muricola Monteiro 
and Fonseca, Brazil Med., 46, 1932,1032; 
Rickettsia murina and Rickettsia fletch- 
eri Megaw, Trans. Roy. Soc. Trop. 
Med. Hyg., 99, 1935, 105; Rickettsia 
prowazeki var. mooseri Pinkerton, Para¬ 
sitology, 28, 1936, 185; Rickettsia prowa¬ 
zeki sub-species typhi Philip, Amer. 
Jour. Hyg., S7, 1943, 304; Rickettsia typhi 
Philip, idem; not Rickettsia tijphi do 
Amaral and Monteiro, Rev. Sud. Ainc^r. 
de M5d. et Chirug., 4, 1933, 806.) From 
M. L. iyphiis, typhus. 

Resembles Rickettsia prowazekii in 
morphological and staining properties. 
Non-mo tile. Gram-negative. 

Cultivation: May be cultivated in 
plasma tissue culture of mammalian 
cells, in modified Maitland media with 
and without agar, in fleas, in the peri¬ 
toneal cavity of X-rayed rats, in the 
lungs of white mice and in white rats 
following intranasal inoculation, in the 
lungs of rabbits following intratracheal 
inoculation, in the chorio-allantoic mem¬ 
brane and the yolk sac of the chick 
embryo. 

Optimum temperature 35®C in chick 
embryo colls. 

Immunology: Prolonged immunity^in 
man and animals following infection. 
Complete cross immunity between epi¬ 
demic and endemic typhus in guinea 
pigs recovered from infections with 
Rickettsia prowazekii and Rickettsia 
typhi. No cross immunity between en¬ 


demic typhus and Rocky Mountain 
spotted fever, Q fever or tsutsugamushi 
disease in guinea pigs. 

Serology: Distinguishable from the 
rickettsiae of spotted fever, Q fever and 
tsutsugamushi disease by complement 
fixation, agglutination and precipitin 
tests, less readily from R. prowazekii by 
these tests. Has common antigenic fac¬ 
tor with Proteus 0X19, and soluble 
antigen in yolk-sac cultures. 

Lethal effect: Heavily infected yolk 
sac cultures injected intravenously or 
intraperitoncally fatal to white mice in 
a few hours. 

Pathogenicity: Pathogenic for man, 
apes, monkeys, rabbits, guinea pigs, 
white rats, eastern cotton rat, white 
mice, gerbilles. Other susceptible ani¬ 
mals include the woodchuck, house 
mouse, meadow mouse, w’hite-footed 
mouse, old-field mouse, cotton mouse, 
golden mouse, wild rat {Rattus norvegi- 
cus), wood rat, rice rat, flying squirrel, 
gray squirrel, fox squirrel, gophers, cot¬ 
ton-tail rabbit, swamp rabbit, chipmunk, 
skunk, opossum and cat. A characteris¬ 
tic febrile reaction occurs in the guinea 
pig with testicular swelling without 
ulceration, after intraperitoneal inocula¬ 
tion. Passage in guinea pigs is accom¬ 
plished by transfer of testicular wash¬ 
ings or blood from infected animals. 
Cause of a febrile disease with e.xanthema 
in man, with low mortality. 

Source: Seen by Wolbach and Todd 
{loc. cit.) in the endothelial cells of the 
capillaries, arterioles and veins in sec¬ 
tions of skin from cases of Mexican 
typhus (tabardillo). Also described by 
Mooser {loc. cit.) in sections and smears 
of the proliferated tunica vaginalis of 
guinea pigs reacting to the virus of Mexi¬ 
can typhus. 

Habitat: Infected rat fleas {Xeno- 
psylla cheopis, Xenopsylla astia), in¬ 
fected chicken fleas {Echidnophaga gallic 
nacea) found on wild rats, and the rat 
louse {Polyplax spinulosus). Wild rats 
and field mice act as the reservoir of 
infection. The etiological agent of en* 
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demic (murine) typhus which is trans¬ 
mitted to man by the rat flea. 

3. Rickettsia rickettsii (Wolbach) 
Brumpt. (Dermacentroxenus rickettsi 
Wolbach, Jour. Med. Res., 1919-20, 
87; Rickettsia rickettsi Brumpt, Precis 
de Parasitologic, 3rd ed., 1922, 757; 
Rickettsia brasiliensis Monteiro, Mem. 
Inst. Butantan, 1931, 3; ^Rickettsia 
typhi do Amaral and Monteiro, Rev. Sud. 
Am4r. de M^d. et Chirurg., 4, 1933, 806; 
Dermacentroxenus rickettsi var. brasili¬ 
ensis Pinkerton, Parasitology, 1936, 
186.) Rickettsia dermacentroxenus^ a 
corruption of Dermacentroxenus rickettsi ^ 
though widely used, has no genuine 
taxonomic standing. Named for Howard 
Taylor Ricketts, who first transmitted 
the disease from human cases to monkeys 
and guinea pigs with the production of 
characteristic symptoms and lesions and 
fatal effect. 

Minute paired organisms surrounded 
by a narrow clear zone or halo and often 
lanceolate, resembling in appearance a 
minute pair of pneumococci. Approxi¬ 
mately 0.2 to 0.3 micron by 1 micron. 
Non-motile. 

In smears of mammalian tissues there 
occur in addition to the lanceolate forms, 
slender rod-shaped forms stained blue 
with the Giemsa stain, sometimes ex¬ 
hibiting polar granules, stained purplish 
or reddish. There are also minute pale 
blue-staining rounded forms. In the 
tick there are three forms: (1) Pale blue 
bacillary forms curved and club-shaped, 
(2) smaller bluish rods with deeply 
staining chromatoid granules and (3) 
more deeply staining, purplish, lanceo¬ 
late forms. A very minute form may 
appear in tightly packed masses in the 
nuclei of the cells. Occurs in the cyto¬ 
plasm and nucleus in all types of tissue 
in the tick and in the vascular endothe- 
liumi in the serosal cells of the peritoneal 


cavity, in the smooth muscle cells of 
arteriolar walls and in the macrophages 
of mammals. 

In yolk sac cultures and in the Mait¬ 
land media cultures, bacillary forms often 
occur in pairs. In single smears from 
infected yolk sacs, the rickettsiae are 
rather uniform in size and morphology 
and are definitely larger than Rickettsia 
prowazekii and Rickettsia typhi. They 
also grow more sparsely. Stain blue with 
the Castaileda stain and bright red 
against a blue background of tissue with 
the Machiavello stain. 

Cultivation: May be cultivated in 
plasma tissue culture of mammalian 
cells, in Maitland media with and with¬ 
out agar, on the chorio-allantoic mem¬ 
brane and in the yolk sac of the chick 
embryo, and in ticks. 

Optimum temperature 32®C in plasma 
tissue culture, 35®C in chick embryo 
cells. 

Immunology: Prolonged immunity in 
man and animals after recovery from in¬ 
fection. Killed vaccines produced from 
infected ticks and from infected yolk 
sacs afford considerable protection 
against the disease. Therapeutic anti¬ 
sera have been produced by the injection 
of rabbits with tick virus and with in¬ 
fected yolk sac. No cross immunity 
between spotted fever in guinea pigs 
recovered from infections with Rickett¬ 
sia rickettsii and typhus in guinea pigs 
recovered from infections with Rickettsia 
prowazekii and Rickettsia typhi. Cross 
immunity between spotted fever in 
guinea pigs recovered from infections 
with Rickettsia rickettsii and bouton- 
neuse fever in guinea pigs recovered from 
infections with Rickettsia conorii^ but 
spotted fever vaccine does not protect 
against boutonneuse fever of the Medi¬ 
terranean area or against infections with 
the South African strains of Rickettsia 
conorii. 


•Erroneously applied by do Anraral and Monteiro to the so-called eastern type 
of Rooky Mountain spotted fever.— Editors. 
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Serology: Distinguishable from Rick¬ 
ettsia prowazekii and Rickettsia iyphi by 
complement fixation and agglutination 
with specific antigens. Distinguishable 
from Rickettsia conorii by complement 
fixation, though some degree of cross 
fixation indicates antigenic relationship. 
Has common antigenic factor with Pro¬ 
teus 0X19 but not distinguishable from 
Rickettsia prowazekii and Rickettsia 
typhi by Weil-Felix test. 

Resistance to chemical and physical 
agents: Readily inactivated by heat and 
chemical agents. Destroyed by a tem¬ 
perature of 60°C in 10 minutes, and by 
0.6 per cent phenol and 0.1 per cent 
formalin. Destroyed by desiccation in 
about 10 hours. 

Pathogenicity: Pathogenic for man, 
monkeys and guinea pigs. Rabbits and 
white rats are moderately susceptible. 
Animals susceptible in varying degrees 
include species of ground squirrels, tree 
squirrels, chipmunks, cotton-tail rabbits, 
jack rabbits, snowshoe rabbits, marmots, 
wood rats, weasels, meadow mice and 
deer mice. In Brazil the opossum, rab¬ 
bit, dog and cavy have been found natu¬ 
rally infected and the Brazilian plains 
dog, capybara, coati and certain bats 
are also susceptible. Sheep are mildly 
susceptible. 

A febrile reaction occurs in guinea pigs 
with typical scrotal lesions, involving 
petechial hemorrhages in the skin, which 
may become necrotic. Virulent strains 
kill 80 to 90 per cent of the animals, 
milder strains kill 20 to 25 per cent. 
Passage in guinea pigs is accomplished by 
transfer of blood from infected animals. 
A febrile reaction accompanied by exan¬ 
thema occurs in man. Mortality is high 
in some localities, low in others. 

Source: Seen by Ricketts (Jour. Amer. 
Med. Assoc., SB, 1909, 379) in the blood 
of guinea pigs and monkeys experimen¬ 
tally infected with Rocky Mountain 
spotted fever and in the salivary glands, 
alimentary sac and ovaries of infected 


female Dermacenior ticks and in their 
ova. 

Habitat: Infected wood tick {Derma- 
centor andersoni) and the dog tick (Der- 
macentor variabilis), also the rabbit tick 
(Haemaphysalis leporis-palustris), Am- 
hlyomma hrasiliensis, Amhlyomma 
cajennensey Amhlyomma striatum, Am^ 
blyomma americanum and Ixodes denta- 
tus, A number of ticks belonging to the 
genera Amhlyomma, Dermacentor, Rhipi- 
cephalus, Ornithodoros and Haema¬ 
physalis have been experimentally 
infected. The virus is transmissible 
through the ova of female ticks. The 
etiological agent of Rocky Mountain 
spotted fever. Sad Paulo exanthematic 
typhus of Brazil, Tobia fever of Colombia 
and spotted fever of Minas Geraes which 
are all transmitted to man by the bite of 
infected ticks. 

4. Rickettsia conorii Brumpt. 
(Brumpt, Compt. repd. Soc. Biol., Paris, 
110, 1932, 1199; Rickettsia megawi var. 
pijperi do Amaral and Monteiro, Mem. 
Inst. Butantan, 7, 1932, 361; Rickettsia 
bland Caminopdtros, !“■ Cong. Intemat. 
Hyg. Mediterr., Rapports et Compt. 
rend., B, 1932, 202; Dermacentroxenus 
rickettsi var. pijperi Mason and Alexan¬ 
der, Onderst. Jour. Vet. Sci. and An. 
Indust., IS, 1939, 74; Dermacentroxenus 
rickettsi var. conori Mason and Alex¬ 
ander, ibid.; Dermocentroxenus conori 
Steinhaus, Insect Microbiology, 1946, 
339.) Xamed for A. Conor who with A. 
Bruch published in 1910 the first clini¬ 
cal description of boutonneuse fever. 

Resembles Rickettsia rickettsii. In 
the tick, diplococcoid and diplobacillary 
forms predominate, though when the 
rickettsiae occur in compact masses they 
are smaller and more coccoid. In tissue 
cultures the organisms are lanceolate, 
diplococcoid, and diplobacillary, oc¬ 
curring in the nuclei as well as in the 
cytoplasm of the cells. Size 0.3 to 0.4 
by 1 to 1.75 microns. Non-motile. 

Stain purplish with the Giemsa stain, 
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blue with the Castafieda stain and bright 
red with a blue background with the 
Machiaveilo stain. Gram-negative. 

Cultivation: May be cultivated in 
plasma tissue culture of mammalian cells, 
in modified Maitland media, and in the 
yolk sacs of chick embryos. 

Immunology: The disease is related 
immunologically to Rocky Mountain 
spotted fever with which it cross im¬ 
munizes, but the spotted fever vaccine 
does not protect against the Mediterra¬ 
nean and South African strains of bou- 
tonneuse fever. 

Serology: Distinguishable from Rick- 
etisia rickettaii by complement fixation. 
Has a common antigenic factor with 
Protem 0X19 and 0X2. 

Pathogenicity: Pathogenic for man and 
guinea pigs. It is also pathogenic in 
varying degrees for dogs, horses, spenno- 
philes, monkeys, rabbits, gerbilles and 
white mice. 

Boutonneuse fever is a much less 
virulent infection for the guinea pig than 
Rocky Mountain spotted fever. A tem¬ 
perature reaction occurs, accompanied 
by scrotal swelling but there is no slough¬ 
ing. There is practically no mortality. 
Passage in guinea pigs is accomplished 


by transfer of blood from an infected 
animal. 

In man, localized primaiy sores (taches 
noires) and an inflammatory reaction in 
the regional lymph nodes occur at the 
site of the tick bite. A febrile reaction 
with exanthema occurs and mortality is 
low. 

Source: Seen by Caminop^tros 

(Compt. rend. Soc. Biol., Paris, 110, 1932, 
344) in smears from the tunica vaginalis 
of guinea pigs inoculated with infected 
dog ticks (Rhipicephalits sanguineus). 

Habitat: The brown dog tick (Rhipi* 
cephalus 'Sanguineus) and also the ticks, 
Amblyomma hebraeum, Haemaphysalis 
leachi, Rhipicephalus appendiculatus and 
Bodphtlus decoloratus. Transmissible 
through the ova of adult female ticks. 
The probable animal reservoir is the dog. 
The etiological agent of boutonneuse 
fever in man, also known as eruptive, 
Mediterranean or Marseilles fever and 
probably Kenya typhus and South Afri¬ 
can tick bite fever, though the identity 
of the latter with boutonneuse fever has 
been questioned. 

5. ""Rickettsia tsutsugamushi (Haya- 
shi) Ogata. (Theileria tsutsugamushi 


® Some may question the use of this binomial on the ground that Hayashi thought 
that this species was possibly or probably protozoan in nature when he proposed the 
name rheileria UutsugamvM (loc. eil.) in 1920. However he questions whether 
Theileria is the correct generic name in this paper and accepts the viewpoint that this 
organism is a rickettsia in a paper published in 1924 entitled, On Rickettsia, Trans. 
Fan Path. Soc. 14 1924. 198-201. He does not use the binomial Rickettsia tsutsuga- 
mwhi in this pa’per’as indicated by some of his friends in latter papers 
Kawamura, loc. cit.) and apparently first uses it himself in a paper entitled. On 
Tsutsugamushi Disease, Jap. Path. Soc., ^2, 1932, 686. 

Haywhi was not the first.to recognize the probable rickettsial 
ism of the tsutsugamushi disease (see Blake et al., Araer. Jour. Hyg., 41, 1945, ^7-262) 
aS some even question whether any of the bodies that he found in human lympho- 
PvtPR from Ivmoh nodes in mononuclear endothelial phagocytes of the spleen and 
1 ^ V. /^ in tissues taken from the region of the mite bite in patients suffering 

“'ThU^sri: - iworti. "d—. ““?* 

This position IS noi supF , organisms described by Hayaahi. 

°”"TrP.th. 8.O..«. IWl.4«) -I-I. up» Ml....: 
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Hayashi, Jour. F^rasit., 7, 1920, 63; 
*RickeU8ia orientdlia Nagayo, Tamiya, 
Mitamura and Sato, Jikken Igaku 
Zasshi, 14 , May 20,1930,8 pp.; ^Rickettsia 
tsutsugamushi Ogata, Cent. f. Bakt., 
1 Abt., lIBi, Rickettsia akamushi 

Kawamura and Imagawa, ibid., 122, 1931, 
258; Rickettsia orientalis var. schiiffneri 
do Amaral and Monteiro, Mem. Inst. 
Butantan, 7, 1932, 360; Rickettsia meg- 
awi do Amaral and Monteiro, idem; 
Rickettsia megawi vaT.fletcheri do Amaral 
and Monteiro, ibid., 361; Rickettsia 
tsiUsugamushi-orientalis Kawamura, Nis- 
shin Igaku, 2S, 1934, 000; Rickettsia pseu- 
dotyphi Vervoort, see Donatien and 
Lestoquard, Acta Conv. Tertii Trop. 
atque malariae morbis, pars I, 1938, 
564; Rickettsia sumatranus (sic) Kou- 
wenaar and Wolff, Proc. 6th Pacific Sci. 
Cong. (1939), 6, 1942, 636; Dermacen- 


troxenus orientalis Moshkovsky, Uspekhi 
Souremennoi Biologii (Russian) (Ad¬ 
vances in modern biology), 19, 1945,13.) 
From two Japanese ideographs trans¬ 
literated tsutsuga, something small and 
dangerous, and mushi, a creature now 
known to be a mite. If the i ending is 
accepted as forming a Latin genitive, 
the modern meaning of the species name, 
tsutsugarmishi, would be ‘of a dangerous 
mite’. 

Small pleomorphic bacterium-like mi¬ 
croorganisms, usually thicker than Rick- 
ettsia prowazekii, Rickettsia typhi, Rick- 
ettsia rickettsii and Coxiella burmtii and 
less sharply defined. Ellipsoidal or rod¬ 
shaped, often appearing as a diplococcus 
or as a short bacillus with bipolar stain¬ 
ing resembling the plague bacillus. Dif¬ 
fusely distributed in the cytoplasm of 
the cell. Size 0.3 to 0.5 by 0.8 to 2 


nicht in Abrede dass Herr Hayashi bei einem kleinen Teil der von ihii beschriebenen 
Khrperchen unsere Rickettsia orientalis vor sich gehabt hat”. Hayashi vigorously 
defends his own observations in the same discussion and the following year after 
making comparative studies of strains of Rickettsia orientalis and his own Rickettsia 
tsulsugamushi reaches the following conclusion (loc. cit.) Rickettsia tsutsugamushi 
and Rickettsia orientalis refer to one and the same species of microorganisms and there 
seems to be no way in which one can be recognized as differing from the other.” 
Under these conditions the only valid name appears to be Rickettsia tsutsugamushi .— 
Editors. 

* These authors publish practically the same preliminary paper in three other 
places as follows: Compt. rend. Soc. Biol., Paris, 104, June 14, 1930, 637-641; Jap. 
Jour. Exper. Med., 8, Aug. 20, 1930, 309-318 and Trans. Jap. Path. Soc., 20, 1930, 
556^566. The complete report on this work did not appear until the following year: 
Jap. Jour. Exper. Med., 9, March 20,1931, 87-150.—Editors. 

t This binomial apparently first appears in the literature in a review article by 
Kawamura (Handbuch der path. Microorganismen, Kolle and Wassermann, 3 Aufi., 
8, 1930,1398) where it is used incidentally and is attributed to Hayashi, 1923. The 
fact that Hayashi did not use Rickettsia tsutsugamushi before 1931 is confirmed by 
Mitamura (Trans. Jap. Path. Soc., 21, 1931,463) who states in a footnote: Kawamura 
und Ogata geben an, dass Hayashi 1923 fiir den Erreger den Namen Rickettsia tsutsu¬ 
gamushi vorgeschlagen hat. Eine solche Angabe Hayashi, is nicht nur uns, sondern 
auch dem Autor, wie er uns persdnlich erzahlt, unbekannt.” Ogata apparently first 
used Rickettsia tsutsugamushi in the title of a paper that he presented in 1930 to the 
8th Cong. Far East Assoc. Trop. Med. which, however, appeared in the Transactions 
of the Congress, 2, June, 1932,167-171. Meanwhile, the same paper with an added 
discussion of the nomenclature appeared in the Cent. f. Bakt., I Abt., Orig., 122, 
Oct. 1, 1931, 249-253 and it is this paper that is usually regarded as establishing the 
use of RicksUsta tsutsugamushi for this species.—Editors. 
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microns. Non-motile. Colored purplish 
with the Giemsa stain, and red against 
a blue background with the Machiavello 
stain. Stains well with azur III and 
methylene blue. Gram-negative. 

Cultivation: In plasma tissue culture 
of mammalian cells; on the chorio-allan- 
toic membrane and in the yolk sac of the 
chick embryo; in rabbit testes and in the 
endothelial cells overlying Descemet’s 
membrane of the rabbit eye. 

Immunology: Immunity conferred by 
infection appears less complete than in 
typhus and Rocky Mountain spotted 
fever. Strains from several different 
areas have been found to cross immunize 
in guinea pigs, but the true relationship 
of the disease occurring in different 
localities remains to be determined. 
Reciprocal cross-immunity between mite 
strains and human strains has been 
demonstrated in rabbits, hamsters and 
mice. 

Serology: Antigens from different 
strains vary in sensitivity when tested 
by complement fixation with immune 
sera. There are probably a number of 
different types on the basis of comple¬ 
ment fixation with immune sera. Has a 
common antigenic factor with Proteus 
OY-K. 

Resistance to chemical and physical 
agents: Readily inactivated by heat and 
chemical agents. Destroyed by a tem¬ 
perature of for 10 minutes, and by 
0.1 per cent formalin and 0.5 per cent 
phenol. 

Pathogenicity ; Pathogenic for man, 
monkeys, giblx)ns, guinea pigs, hamsters, 
rats, voles, mice, gcrbilles, rabbits (by 
intraocular injection) and chick embryo. 
There is wide variation in the virulence 
of different strains for laboratory ani¬ 
mals, infection being established with 
great difficulty with some, while others 
may cause a high mortality. 

A febrile reaction occurs in guinea pigs. 
Passage in guinea pigs and mice is ac¬ 
complished by inoculation of infected 
spleen or blood from an infected animal. 


passage in rabbits by intraocular inocu* 
lation of blood, lymph node or organ 
emulsions of infected animals. Ascites, 
enlarged spleen often with a fibrinous 
deix>sit are characteristic. 

In man an eschar with adenopathy de¬ 
velops at the site of the mite bite. In 
scrub typhus the eschar is not present. 

A febrile reaction with exanthema occurs 
and mortality is variable. 

In rabbits infection of Descemet^s 
membrane follow's intraocular injection 
of infected material. 

Source Seen by Hayashi in smears 
and sections of the lesion (eschar) at the 
site of the mite bite and in smears and 
sections of the adjacent lymph nodes 
from cases of the disease; also seen by 
Nagayo et al (loc. cit.) in the endothelial 
cells overlying Descemet^s membrane in 
rabbits inoculated intraocularly with in¬ 
fectious material. 

Habitat: The mites (Trornhicula aka- 
mushif Trornhicula deliensis syn. T, 
walchiy Trornhicula Jletcheri and probably 
several others). Infective through the 
ova of the adult female. Only the larvae 
feed on rodents or man. Reservoir hosts 
are probably certain wild rodents, in¬ 
cluding house and field rats, mice and 
voles and probably some birds. The 
etiological agent of tsutsugamushi disease 
and scrub typhus (for numerous other 
designations of the disease see Farner 
and Katjsampes, U. S. Naval Med. Bull., 
45, 1944, 800). 

Note: Rickettsia nipponica Sellards. 
(Sellards, Amer. Jour. Trop. Med., 5, 
1923, 545; Rickeitsoides nipponica da 
Rocha-Lima, in Kolle and Wasserman, 
Handb. d. path. Mikroorganismen, 3 
Aufl., 8, 1930, 1350.) This problemati¬ 
cal organism was thought by its author 
to be the cause of tsutsugamushi disease. 
Because it was cultivatible by the meth¬ 
ods used by Sellards, it is not now re¬ 
garded as identical w ith Rickettsia tsutsu¬ 
gamushi Ogata. Rickettsoides nipponica 
is the type species (monotypy) of the 
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genus Rickettaoidea da Rocha<Lima (loc, 

ciL). 

6. Rickettsia akari Huebner, Jellison 
and Pomcrantz. (Pub. Health Kept., 6t, 
1946, 1682.) From Acarua, a genus of 
mites. 

Minute diplobacilli, occurring intra- 
cellularly and extracellularly, and bi- 
polarly stained rods. Resemble typical 
rickettsiae morphologically. Non-mo> 
tile. 

Stain well by Machiavello’s method, 
the oiganisms appearing bright .red 
against a blue background. Stain poorly 
with methylene blue. Gram-negative. 
Occur intracytoplasmically and have 
been seen intranuclearly in yolk sac cells. 

Cultivation: In the yolk sac of the 
chick embryo. No growth on artificial 
culture media. 

Immunology: Guinea pigs recovered 
from rickettsialpox are immune to infec¬ 
tion with strains isolated from infected 
mites. 

Serology: Antigens prepared from in¬ 
fected yolk sacs are highly specific except 
for cross reactions with Rocky Mountain 
spotted fever antigens. Sera from con¬ 
valescent patients fixed complement with 
the homologous antigen and usually with 
Rocky Mountain spotted fever antigens 


though at a lower titer. Does not have 
a common antigenic factor with Proteua 
strains except that low titers were ob¬ 
tained in a few recovered cases in agglu¬ 
tination tests with Proteua 0X19. 

Pathogenicity: Pathogenic for man 
with focal initial erythematous lesion 
and adenopathy, followed by fever and 
appearance of macular rash. No mortal¬ 
ity. Experimental infections have been 
produced in white mice and guinea pigs 
by the inoculation of infected blood (ir¬ 
regularly), and of infected liver and 
spleen suspensions, infected brain, in¬ 
fected lymph nodes, tunica washings of 
infected animals and by infected yolk 
sacs. Symptoms in mice include inac¬ 
tivity, accelerated respiration, ruffled 
fur, with occasional deaths; in guinea 
pigs, fever and marked scrotal reactions. 
Infected embryos are killed in 4 to 7 
days. It has not been found pathogenic 
for monkeys, distinguishing it from 
Rickettsia conorii. It is also probably 
more pathogenic for white mice than 
Rickettsia conorii. 

Source: Blood of a human case of 
rickettsialpox in New York City. 

Habitat: Blood of human cases and an 
ectoparasite of rodents, the mite {Allo- 
dermanyssus sanguineus Hirst). The 
etiological agent of human rickettsialpox. 


Genua //. Coxiella Bengtson^ gen. nov. 

(Subgenus Coxiella Philip, Amer. Jour. Hyg., 57, 1943, 306; generic status recom¬ 
mended by Steinhaus, Insect Microbiology, 1946, 263.) Named for Herald R. Cox 
who first described the organism in guinea pigs inoculated with infected ticks col¬ 
lected in Montana. 

Small, pleomorphic, rod-shaped and coccoid organisms, occurring intracellularly 
in the cytoplasm and extracellularly in infected ticks. Stain lightly with aniline 
dyes. Gram-negative. They are filterable. Have not been cultivated in cell-free 
media. Parasites of man and animals which include the etiological agent of Q fever. 
The type species is Cokiella burnetii (Derrick) Bengtson. 


1. Coxiella Immetli (Derrick) Bengt¬ 
son comb. nov. {Rickettsia burneti Der¬ 
rick, Med. Jour. Australia, I, 1939, 14; 
Rickettaia diaporica Cox, Pub. Health 
Rep., 64f 1939, 1826; Rickettaia burneti 


var. americana. Anon., Brit. Med. Jour., 
2Rickettaia {Coxiella) burneti 
Philip, Amer. Jour. Hyg., 57, 1943, 306.) 
Named for F. M. Burnet who discovered 
the organism in Australia. 
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Small bacterium-like, pleomorphic or¬ 
ganisms varying in size from coccoid 
forms to well marked rods. Occur as 
cytoplasmic micro-colonies with diffuse 
or compact distribution of the organisms 
through the cytoplasm. Also seen ex¬ 
tracell ularly, where they appear as small 
lanceolate rods, diplobacilli and occa¬ 
sionally segmented filamentous forms. 
Chains of 3 to 6 elements often seen. 
Quite uniform in size and morphology in 
infected yolk sacs and in mousti spleen 
with exceedingly minute forms in heavily 
infected material. Small lanceolate rods, 
0.25 by 0.4 to 0.5 micron, bipolar forms 
0.25 by 1.0 micron, diplobacilli 0.25 by 
1.6 microns. Non-motile. 

With Giemsa’s stain they appear red- 
dish-purple, with Machiavello^s stain 
bright red against a blue background. 
Grani-negative. 

Cultivation: May be cultivated in 
plasma tissue cultures, in modified Mait¬ 
land media and in the yolk sac of chick 
embryos. 

Immunology: There is complete cross 
immunity between .Vustralian and 
American strains of Q fever in guinea 
pigs. Strains from other parts of the 
world also cross immunize. 

Serology: American and .Vustralian 
strains are identical by agglutination and 
agglutinin absorption. Strains from 
various countries are serologically related 
as shown by complement fixation. Q 
fever is distinguishable from other 
rickettsial diseases by complement fixa¬ 
tion tests. No common antigenic factor 
with any Proteus strain has been demon¬ 
strated. 

Filterability: The infectious agent of 
Q fever readily passes Berkefeld N filters 
which are impermeable to ordinary bac¬ 
teria and W filters which are impermeable 
to typhus and spotted fever rickettsiae. 

Resistance to chemical and physical 
agents:,Comparatively resistant to heat, 
drying and chemical agents. Survives 
at least 109 days in cell-free media with¬ 


out loss of titer, resistant to 60°C for 1 
hour and to 0.5 per cent formalin and 1 
per cent phenol when tested in fertile 
eggs. 

Pathogenicity: Pathogenic for man, 
guinea pig and the white mouse. The 
monkey, dog, white rat and rabbit are 
mildly susceptible. Certain bush ani¬ 
mals in Australia, particularly the bandi¬ 
coot, are susceptible and these animals 
have been found naturally infected. 
Other rodents and marsupials are mildly 
susceptible. Calves have been experi¬ 
mentally infected and cows have been 
found rcfovi^red from naturally acquired 
infections. 

A febrile reaction occurs in guinea pigs 
but mortalitv is low except with heavily 
infected yolk sac which causes a high 
mortality. On subcutaneous or intra- 
dermal inoculation a marked inflamma¬ 
tory thickening of the skin occurs at the 
site of inoculation. On autopsy the 
spleen is enlarged from 2 to 12 times by 
weight and is engorged with blood. 
Transfer in guinea pigs and mice is ac¬ 
complished by transfer of infected liver 
and spleen. A febrile reaction often ac¬ 
companied by pneumonitis occurs in 
man, but mortality is low. 

Source: First seen in smears from mice 
inoculated intraperitoneally with infec¬ 
tious material by Burnet and Freeman 
(Med. Jour. Australia, 2, 1937 (2), 281). 

Habitat: The wood tick {Dermacentor 
andersoni) and the ticks, Dermacentor 
occidentalis , .4 mblyomma americanum , 
Ilaemaphysalis leporis-palustris, Ixodes 
dentatus and Haemaphysalis humerosa. 
Several other species of ticks have been 
shown to transmit experimentally the 
virus of Q fever. It has been found to 
survive in the ova of the female ticks 
{Dermacentor andersoni and Haemaphy- 
solis humerosa). The bandicoot (Isodon 
macrurus) is probably the natural reser¬ 
voir of the disease in Australia. The 
etiological agent of Q (Queensland) fever 
in man. 



1094 


MANUAL OF DETERMINATIYB BACTERIOLOGY 


Oenus III. Cowdria Bengtaon^ gen. nov. 

Named for E. V. Cowdry who first described the organism in heartwater of three 
ruminants, sheep, goats and cattle. 

Small pleomorphic, spherical or ellipsoidal, occasionally rod-shaped organisms, 
occurring intracellularly in ticks. Gram-negative. Have not been cultivated in 
cell-free media. Parasites which are the etiological agent of heartwater of cattle, 
sheep and goats. 

The type species is Cowdria ruminantium (Cowdry) Bengtson. 


1. Cowdxla . ruminantium (Cowdry) 
Bengtson, comb. nov. {Rickettsia rumi¬ 
nantium Cowdry, Jour. Exp. Med., 4^, 
1925, 231; Rickettsia {Cowdria) rumi¬ 
nantium Moshkovsky, Uspekhi Soure- 
mennoi Biologii (Russian) (Advances in 
Modern Biology), 19, 1945, 18.) From 
M. L. Ruminantia^ the cud-chewing 
mammals. 

Differ morphologically from typical 
rickettsiae, showing usually spherical 
and ellipsoidal forms; occasionally bacil¬ 
lary forms. Irregular pleomorphic forms 
occur. Grow in the cytoplasm of cells, 
sometimes in densely packed masses. 
Size of cocci from 0.2 to 0.5 micron in 
diameter in the endothelial cells of ani¬ 
mals, 0.2 to 0.3 micron in diameter in 
ticks. Bacillary forms 0.2 to 0.3 by 0.4 
to 0.5 micron and pairs 0.2 by 0.8 micron 
in ticks. Non-motile. 

Stain blue with the Giemsa stain apd 
can also be stained by methylene blue 
and other basic aniline dyes. Gram¬ 
negative. 

Cultivation not reported. 

Immunology: Immunity incomplete 
after recovery from the infection. The 
organisms are found in the tissues long 
after recovery. There is some evidence 
of a variety of strains. 

Pathogenicity: Pathogenic for goats, 
sheep and'cattle. Transmissible to goats 
by inoculation of infected blood intra- 
jugularly. The most characteristic le¬ 
sion is the hydropericardium of infected 
animals. The only small animal shown 
to be susceptible is the ferret. 

Source: Seen in the endothelial cells 
of renal glomeruli and in the endothelial 
cells of the cerebral cortex of animals suf¬ 


fering from heartwater and in the tick, 
Amblyomma hehraeum. 

Habitat: The bont tick {Amblyomma 
hehraeum) and also Amblyomma variega- 
turn. . When the tick is infected in the 
larval state, it can transmit the infection 
to the nymphal and adult stages, but the 
disease is not transmissible through the 
ova of the adult female tick. The etio¬ 
logical agent of heartwater in sheep, 
goats and cattle in South Africa. 

Appendix I: Further studies of the 
organism of trench fever are required be¬ 
fore the relationship of Rickettsia quin- 
tana to the other more firmly established 
species of rickettsiae can be determined. 
Therefore, it is placed in this appendix. 

1. Rickettsia quintana Schminke. 
(Schminke, Miinch. med. Wchnschr., 54, 
July 17, 1917, 961; Rickettsia wolhynica 
Jungmann and Kuczynski, Ztschr. klin. 
Med., 85, 1918, 261; Fossilis quintana 
suggested as a possible subspecies **if 
necessary*' by Megaw, Trop. Dis. Bull., 
49, 1943, 828.) 

Probable synonym: Rickettsia pediculi 
Munk and da Rocha-Lima, Mtinch. med. 
Wchnschr., 54, 1917, 1423. 

Coccoid or ellipsoidal organisms, 
often occurring in pairs, more plump and 
staining more deeply with the Giemsa 
stain than Rickettsia prowazekii. Da 
Rocha-Lima gives their size as 0.2 to 0.4 
micron by 0.3 to 0.5 micron. In lice 
appear as short rods, frequently in pairs 
and often bipolarly stained. Non-mo- 
tile. 

Stain reddish-violet with the Giemsa 
stain. Gram negative. Occur extra- 
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cellularly in the region of the epithelial 
lining of the gut of the louse. 

Cultivation: Has not been cultivated 
in tissue culture or any cell-free medium, 
though Rickettsia 'pediculi^ considered by 
some identical with Rickettsia quinlana, 
has been cultivated on human and horse 
blood agar. 

Pathogenicity: Pathogenic for man, 
causing recurrent fever. No strain has 
been definitely established in laboratory 
animals. 

Immunology: Partial immunity is pro¬ 
duced after an attack of the disease. 
The disease is characterized by relapses 
which may occur as long as two years 
after the initial attack. 

Distinctive characteristics: The or¬ 
ganism resists a temperature of 60°C 
moist heat for 30 minutes or a dry heat 
at 80®C for 20 minutes. It resists desic¬ 
cation in sunlight for 4 months. It is 
filterable under certain conditions but 
not when in plasma or serum. It is 
present in filtrates of infected vaccine 
sediments and excrements of infected 
lice. 

Source: Seen in lice fed on trench 
fever patients by Topfer (Mlinch. med. 
Wchnschr., 61, 1916, 1495), 

Habitat: The epithelial lining of the 
gut of the body louse (Pediculus humanns 
var. corporis) where they occur extra- 
cellularly, and Pediculus capitis. The 
virus is not transmissible through the 
ova. May be the etiological agent of 
trench fever (Wolhynian fever, shin 
bone fever, five-day fever). 

Appendix II: Additional named species 
are included in Chapter V, Rickettsiae, 
in Steinhaus, Insect Microbiology. 
Ithaca, 1946, 304-328. Some differ 

morphologically and tinctorially from 
typical rickettsiae, some are not asso¬ 
ciated with an arthropod vector, some 
have been incompletely studied and 
described, some have been cultivated in 
cell-free media. Pending the completion 
of further studies involving possible 


cultivation in fertile eggs, the determina* 
tion of biological properties, and ade* 
quate comparative immunological and 
serological studies, no attempt is made 
to classify these organisms. The de¬ 
scriptions are condensed from those given 
by Steinhaus: 

Ehrlichia {Rickettsia) kurlovi Mosh- 
kovsky. (Compt. rend. Soc. Biol., Paris, 
126, 1937, 379; Ehrlichia kurlovi Mosh- 
kovsky, Uspekhi Souremennoi Biologii 
(Russian) (Advances in Modern Bi¬ 
ology)* 16, 1945, 12.) Found in the 
monocytes of guinea pigs. Described by 
Kurloff in 1889 as inclusions in the mono¬ 
nuclear cells of guinea pigs and other 
animals. These became known as Kur¬ 
loff bodies. However, the parasitism of 
these bodies is questionable. 

Rickettsia avium Carpano. (Riv. Pat. 
Clomp , Jan.-Feb., 1936, 1.) Minute 
bodies in the leucocytes and tissue cells 
of a bullfinch {Pyrrhula europea) brought 
to Egypt from Germany. Donation 
and Lestoquard (Arch. Inst. Pasteur 
Alg^rie, 15, 1937,142) suggested that this 
organism might have been that of psitta¬ 
cosis. 

Rickettsia hovis Donation and Lesto¬ 
quard. (Donation and Lestoquard, Bull, 
^c. Path. E.xot., 29, 1936,1057; Ehrlichia 
hovis Moshkovsky, Uspekhi Souremen¬ 
noi Biologii (Russian) (Advances in 
Modern Biology), 19, 1945, 18.) Con¬ 
cerned in a disease of cattle which is 
transmitted by an unidentified tick of 
the genus Hyalomma, The organism 
occurs in circular or round-angled poly¬ 
gonal masses which consist of a large 
number of tightly pressed, minute 
spherical granulations. These masses 
are situated in the cytoplasm of various 
monocytes. The organism causes a rela¬ 
tively light febrile disease in cattle, and 
an inapparent infection in sheep and 
fever in monkeys. 

Rickettsia canis Donation and Lesto¬ 
quard. (Donation and Lestoquard, Bull. 
Soc. Path. Exot., 28, 1935,418; Ehrlichia 
(Rickettsia) canis Moshkovsky, Compt. 
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rend. Soc. Biol., Paris, 126y 1937, 382; 
Ehrlichia canis Moshkovsky, Uspekhi 
Souremennoi Biologii (Russian) (Ad¬ 
vances in Modern Biology), 19y 1945,18.) 
Moshkovsky selects this species as the 
type species of the subgenus Ehrlichia 
Moshkovsky (ioc. cit,). Found in dogs 
used for experimental purposes in Al¬ 
geria. Appears to be transmitted natu¬ 
rally by the dog tick (Rhipicephalus 
sanguineua). All active stages of the 
tick transmit the organism and it passes 
intraovarially from the female to the 
larvae of the next generation. The or¬ 
ganisms are generally spherical in shape 
and can be seen in the circulating mono¬ 
cytes. The infection causes a serious 
and often fatal illness in dogs. Small 
laboratory animals are not susceptible 
to the disease. 

Rickettsia conjunctivaey Rickettsia con- 
junctivae botns and Rickettsia conjunc- 
tivae galli, see Family III, Chlamydozo- 
aceae. 

Rickettsia ctenocephali Sikora. (Arch. 
Schiffs- u. Tropenhyg., 22y 1918, 442.) 
Found in cat fleas (presumably Cteno- 
cephalides felis) on the surface of the 
organs in the body cavity and in the coe- 
lomic fluid. Two forms were found which 
might be two species, one resembling 
Rickettsia pediculi and the other Rickett¬ 
sia melophagi. Hertig and Wolbach 
(Jour. Med. Res., 44, 1924, 329) found 
Rickettsia ctenocephali to vary in 6ize 
and shape from minute cocci to rather 
large, swollen, curved rods, staining 
reddish with the Giemsa stain. 

Rickettsia culicis Brumpt. (Ann. Para- 
sitol. Hum. et Comp., 16, 1938, 153.) 
Found in the stomach epithelium of 
mosquitoes (Culex fatigans) 12 days after 
they had been fed on a patient carrying 
Microfilaria hancrofti. Thought to be 
pathogenic for the mosquito and possibly 
for man. Occurs in the form of small 
granules and more often as small bipolar 
rods. Stains with haemalum, erythro- 
sine-orange and toluidine blue. Gram¬ 
negative. 


Rickettsia dermacentrophila Steinhaus. 
(Pub. Health Repts., 67, 1942, 1375.) 
Found in all stages of the wood tick (Der- 
macentor andersoni). In the epithelial 
cells of the intestinal diverticula and 
other tissues of the tick, usually extra- 
cellularly but sometimes intracellularly. 
Not seen in the nuclei of cells. Gram¬ 
negative and staining red with the Mach- 
iavello stain, and bluish-purple with 
the Giemsa stain. Stains less deeply 
with ordinary bacterial stains than most 
bacteria. Resembles Rickettsia rickett- 
sii morphologically but is slightly larger. 
Not pathogenic for laboratory animals or 
for some of the natural hosts of Derma- 
centor andersoni. 

Rickettsia hirundinis Cowdry. (Jour. 
Exp. Med., 37, 1923, 431.) An organism 
observed by Arkwright, Atkin and Bacot 
(Parasitology, IS, 1921, 27) in the tissues 
of Cimex hirundinis which is probably 
the same organism to which Cowdry re¬ 
ferred as Rickettsia hirundinis. Con¬ 
sidered by Steinhaus as a nomen nudum. 

Rickettsia kairo da Rocha-Lima. 
(Cairo /ickettsia, Arkwright and Bacot, 
Brit. Jour. Exper. Path., 4i 1923, 70; da 
Rocha-Lima, in Kolle and Wasserman, 
Handb. d. path. Mikroorg., 3 Aufl., 8, 
1930,1361.) Resembles Rickettsia rocha- 
limae and Rickettsia prowazekii. 

Rickettsia lectularia Arkwright, Atkin 
and Bacot. (Parasitology, IS, 1921, 27.) 
Found in the gut of the bedbug {Cimex 
lectularius) as filamentous and rod- 
shaped organisms. It seems probable 
that all bedbugs harbor the organism 
and it is also present in the developing 
ova. The location is intracellular. Very 
pleomorphic, ranging from small coccoid 
forms to thread-like forms. The small 
coccoid and diplococcoid forms stain 
deep purple with the Giemsa stain, while 
bacillary, lanceolate and thread forms 
stain more red than purple with the 
Giemsa stain. Not infective for small 
laboratory animals or for man. 

Rickettsia linognathi Kindle. (Para¬ 
sitology, 18, 1921, 152.) Found in the 
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alimentary tract of the goat louse {Lino- 
gnathua atenapaia). Resembles Rickett- 
aia trichodectae morphologically and oc¬ 
curs only extracellularly in the lumen of 
the gut. 

Rickettaia melophagi Noller. (Arch. 
Schiffs- u. Tropenhyg., ei, 1917, 53.) 
Found upon and in the cuticular layer 
covering the epithelium of the midin¬ 
testine of the sheep tick (Melophagua 
ovinua). Occurs characteristically in 
pairs of fairly uniform size, coccoid and 
sometimes rod-shaped. Gram-negative 
but stains fairly well with carbol-fuchsin 
and gentian violet. Stains deep purple 
with Giemsa’s method and bright red 
with Machiavello’s method. Has been 
cultivated on non-living culture media, 
a glucose-blood-bouillon agar medium. 
The ability of Rickettaia melophagi to 
infect sheep has been the subject of 
contradictory claims. Small laboratory 
animals seem not to be susceptible. 

Rickettaia ovina Lestoquard and Dona- 
tien. (Lestoquard and Donation, Bull. 
Soc. Path. Exot., 1936,108; Ehrlichia 
ovina Moshkovsky, Usphekhi Soure 
mennoi Biologii (Russian) (Advances in 
Modern Biology), 19^ 1945, 18.) Found 
in the blood of diseased sheep from 
Turkey and Algeria. The organisms oc¬ 
cur as minute coccoid granules, grouped 
in masses and present only in the mono¬ 
cytes and never in endothelial cells. 
They stain uniformly dark red with the 
Giemsa stain but did not stain with the 
Castafteda technic. Infected ticks (Rhi- 
picephalus bursa) are thought to be the 
vectors. 

Rickettaia pieces Mohamed. (Ministiy 
Agr., Egypt., Tech. Sci. Serv. Bull. 214, 
1939, 6 pp.) In the monocytes and 
plasma of the blood of a fish (Tetraodon 
fahaka) showing necrotic ulcers on its 
head and both sides of the body. The 
heart, liver and intestines showed le¬ 
sions. The organisms were minute coc¬ 
coid forms varying from 0.2 to 0.4 micron 
in diameter and frequently occurring in 
pain. 


um 

Rickettsia rocha-limae Weigh (Prz- 
glad. Epidemj., f, 1921, 375.) Occurs 
in lice (Pcdiculus humanus) but is ap¬ 
parently non-pathogenic either to lice or 
to vertebrates. Larger and more pleo¬ 
morphic than Rickettsia prowazekii. In 
smears or sections of the gut of lice, 
Rickettsia rocha-limae occurs in agglomer¬ 
ated masses, grouped like staphylococci. 
They occur both extracellularly and in- 
tracellularly and stain more deeply than 
Rickettsia prowazekii, Weigl claims to 
have cultivated this species on artificial 
culture media under anaerobic condi¬ 
tions. N«)t pathogenic for laboratory 
animals or man. 

Rickettsia suis Donation and Gayot. 
(Bull. Soc. Path. E.xot., 35, 1942, 324.) 
Causes a disease in swine, the pathology 
of which resembles heartwater of rumi¬ 
nants. Sec Genus III, CowdriOy Family 
Rickettsiaceae. 

Rickettsia trichodectae Hindie. (Par¬ 
asitology, ISf 1921, 152.) In the species 
of biting lice (Trichodectas pilosus) 
which may be found on horses. This 
insect does not suck blood. The or¬ 
ganisms occur extracellularly in the ali¬ 
mentary tract of the louse. The aver¬ 
age size is 0.3 to 0.5 by 0.5 to 0.9 micron 
and occasionally longer forms occur. 

Rickettsia weigli Mosing. (Arch. Inst. 
Pasteur, Tunis, 35, 1936, 373.) Con¬ 
cerned in an epidemic disease which 
broke out in 1934 among employees of 
the Institute of Biology in Lw6w who 
were engaged in feeding supposedly un¬ 
infected lice on their persons. Mosing 
and others have suggested the possibility 
that this rickettsia may be an extreme 
mutant of Rickettsia pediculi. Small 
coccoid to rod-shaped organisms staining 
well with the Giemsa stain, usually 
slightly longer than Rickettsia prowa¬ 
zekii. In the louse {Pediculus hu¬ 
manus), the rickettsiae occur extracellu- 
larly in the intestinal lumen forming a 
layer covering the surface of the epithe¬ 
lial lining. Not pathogenic for the louse 
as is Rickettsia prowazekii and Rickettsia 
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rocha-limae. It causes a febrile illness 
in man in which relapses occurred 3 to 
5 times as in trench fever. Rickettsia 
weigli was ai;glutinated by convalescent 
sera but not by sera from typhus pa¬ 
tients. Convalescent sera gave no posi¬ 
tive Weil-Felix reaction. 

Wolbachia pipientis Hertig. (Rickett¬ 
sia of Cvlex pipienSy Hertig and Wolbach, 
Jour. Med. Res., Uy 1924, 329; Hertig, 
Parasitology, F3, 1936, 453.) This is the 
type species of the genus Wolbachia 
Hertig {loc. cit ). Found in the ovaries 
or testes of the mosquito, and present in 
all stages of the mosquito’s development. 
The outstanding morphological charac¬ 
teristic of the organism is great plcomor- 
phism. Minute coccoids and short rods 
may be considered typical, but the usual 
microscopic held consists of various 
•shapes and sizes. Some forms show 
bipolar staining with the Giemsa stain. 
The organism is a harmless parasite of 
the mosquito. Laboratory animals are 
apparently not susceptible. 

The following unnamed rickettsiae 
isolated from animals or seen in animals 
are included in Steinhaus’ list of rickett¬ 
siae (Insect Microbiology. Ithaca, 1946, 
344); 

A rickettsia was isolated by Parker, 
Kohls, Cox and Davis (Pub. Health 
Kept., S4f 1939, 1482) from a tick (Am- 
blyomma macalatum), It is pathogenic 
for guinea pigs and the disease is 
referred to as the maculatum disease. 
There is complete cross immunity in 
guinea pigs between this infection and 
Rocky Mountain spotted fever and 
boutonneuse fever, but it differs from 
these diseases in some particulars. 

A rickettsia-like organism was isolated 
from the reduviid bug (Triatoma rubro- 
fasciata) by Webb (Parasitology, 5j8, 
1940, 355). It was pathogenic for some 
laboratory animals and was maintained 
in guinea pigs for 5 passages. The 
rickettsiae were transmissible to the 


next generation through the egg of the 
.reduviid bug. 

A spotted fever type of rickettsia was 
isolated by Anigstein and Bader (Texas 
Repts. Biol. Med., 1,1943,105) from the 
dog tick (Rhipicephalus sanguineus) 
taken from normal dogs. It was patho¬ 
genic for rabbits and guinea pigs. 

A rickettsia was isolated by Anigstein 
and Bader (Texas Repts. Biol. Med., i, 

1943, 298, 389) from ticks (Amblyomma 
americanum) collected in Texas. They 
believed it to be the cause of bullis fever. 

Rickettsiae were observed by Enigh 
(Berl. u. Mtinch. Tier&rztl. Wchnschr., 
1942, 25) in the leucocytes of a bison 
calf. No arthropod was associated with 
this rickettsia. 

A rickettsia-like agent pathogenic for 
guinea pigs was reported by Tatlock 
(Proc. Soc. Exp. Biol, and Med., 57, 

1944, 95). The animals had been in¬ 
jected with blood from a patient with 
“pretibial” fever. No arthropod vector 
was indicated. 

Three species of rickettsia-like or¬ 
ganisms isolated from the wood-tick 
(Dermacentor andersoni) are described 
by Noguchi (Jour. Exper. Med., 4S, 
1926, 518r-521). These were named Ba¬ 
cillus rickettsiformis, Bacillus pseudo- 
xerosis and Bacillus equidistans. All 
could be cultivated on cell-free media 
and none was pathogenic for laboratory 
animals. 

Appendix III: Unnamed rickettsia- 
like organisms seen in the tissues of 
insects. 

Hertig and Wolbach (Jour. Med. Res., 
1924, 329) list sixteen species of 
arachnids and twenty-three species of 
insects which are hosts to rickettsiae or 
rickettsia-like organisms. 

Wolbach (Jour. Amer. Med. Assoc., 84, 
1925, 723) reports hosts of non-patho- 
genic rickettsiae which include fourteen 
species of arachnids (ticks, mites and 
spiders) and twenty-two species of in¬ 
sects distributed in nine orders, including 
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numerous noii-blood-sucking insects as 
well as lice and ticks. 

Cowdry (Arch. Path, and Lab. Med., 

1926, 59) lists seven species of arach¬ 
nids and twenty-four species of insects 
which arc hosts to non-pathogenic rick- 
ettsiae. 

Buchner, P. (Tier und Pflanze in Sym- 
biose. Gebriider Borntraeger, Berlin, 
1930, 900 pp.) Through the text, and 
particularly on pages 300-664, the 
rickettsia-like and bacterium-like micro¬ 
organisms occurring intracellularly in 


insects and other small animals arc dis¬ 
cussed, principally from the viewpoint of 
the biologist. 

Paillot, A. (L'infcction chez les In¬ 
sects, Paris, 1933, 535 pp.). Concerned 
principally with bacterial infections of 
insects, but also includes information in 
inti acellular symbiotes and rickettsia- 
like and bacterium-like microorganisms. 

Steinhaus, Edward A. (Insect micro¬ 
biology. Ithaca, 1946, 188-255.) Intra¬ 
cellular bacterium-like and rickettsia- 
like symbiotes are discussed. 
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FAMILY 11. BARTONELLACEAE GIESZCZYKIEWICZ.* 

(Bull. Intern. Acad. Polon. Sci., Classe Sci. Math. Nat., B (I), 1939, 9-30.)** 
Small, often pleomorphic, rod-shaped, coccoid, ring-shaped, filamentous and beaded 
micro-organisms, staining lightly with aniline dyes, but well with Giemsa’s stain. 
Gram-negative. Parasites of the erythrocytes in man and other vertebrates. Known 
to be transmitted by arthropod vectors in some cases. The causative organisms of 
bartonellosis in man, haemobartonellosis, grahamellosis and eperythrozodnosis in 
the lower animals. Differ from the protozoa that also parasitize erythrocytes in that 
the entire parasite stains with ho differentiation into cytoplasm and nucleus. 

Key to the genera of family Bartonellaceae. 

1. Parasites of the erythrocytes and of fixed tissue in man. 

Genus I. Bartonella^ p. 1100. 

2. Parasites of the erythrocytes of lower mammals, increased in susceptible animals 
by splenectomy. Eradicated by arsenicals. 

Genus II. Haemohartonella, p. 1102. 

3. Parasites of the erythrocytes of lower mammals. Not increased in susceptible 
animals by splenectomy. Not eradicated by arsenicals. 

Genus III. Grahamellay p. 1109. 

4. Blood parasites, found on the erythrocytes and in the plasma of lower mammals. 
Appear as rings, coccoids and short rods. Splenectomy activates latent infections. 

Genus IV. Eperythrozoony p. 1111. 

Genua /. Bartonella Strongy Tyzzer and Sellards. 

{Bartonia Strong, Tyzzer, Brues, Sellards and Gastiaburd, Jour. Amer. Med. 
.\ssoc., 61, 1913, 1715; not Bartonia Muhlenberg, in Willdenow, Neue Schrift Ges. 
Nat. Fr., Berlin, 3, 1801, 444; not Bartonia Sims, Bot. Mag., 1804; not Bartonia 
Crossman, Essais de Paleoconchologie Comparde, 4me Livr., Paris, 1901; Strong, 
Tyzzer and Sellards, Jour. Amer. Med. Assoc., 34, 1915, 808; emend. Tyzzer and 
Weinman, Amer. Jour. Hyg., SO B, 1939, 143.) Named for A. L. Barton who des¬ 
cribed these organisms in 1909. 

Parasites of the erythrocytes which also multiply in fixed tissue cells. On the red 
blood cells in stained films, they appear as rounded or oval forms or as slender, 
straight, curved or bent rods occurring either singly or in groups. Characteristically 
in chains of several segmenting organisms, sometimes swollen at one or both ends and 


♦ Prepared by Dr. Ida A. Bengtson (retired). National Institute of Health, 
Bethesda, Maryland and Dr. David Weinman, Parasitologist to the 1937 Harvard 
Expedition to Peru, Boston, Mass., April, 1947. 

** Partial syn. Anaplaamidae has been proposed as a family name to unite the four 
genera Anaplaama, Grahamella, Bartonella and Eperythrozoon by Neitz, Alexander 
and du Toit (Onderst. Jour. Vet. Sci. and An. Ind., 3, 1934, 268). Since the name 
is derived from Anaplaama, the nature of which is not fully understood and since 
these authors consider the 4 genera as belonging to the protozoan order Haemoaporidia, 
it seems advisable not to consider this nomenclature for the present. The genus 
Anaplaama (parasites of the red blood cells of cattle) created by Theiler (Transvaal 
Govt, Vet. Bact. Kept. 1908-9, 7-64, 1910) consists of two species Anaplaama mar- 
ginale and Anaplaama centrale. Recent workers are inclined to consider them to be 
bacterial in nature as they do not show a differentiation into cytoplasm and nucleus. 
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frequently beaded (Strong et al., loc. cit., 1913), without a distinct differentiation of 
nucleus and cytoplasm. In the tissues they are situated within the cytoplasm of 
endothelial cells as isolated elements and grouped in rounded masses. These para¬ 
sites occur s^ntaneously in man and in arthropod vectors, are endowed with inde¬ 
pendent motility, reproduce by binary fission, and may be cultivated by unlimited 
serial transfers on cell-free media. One species has been recognized. It is known 
to be established only on the South American continent and perhaps in Central 
America. Human bartoneliosis may be manifested clinically by one of the two syn¬ 
dromes constituting C^arridn’s disease (Oroya fever or verruga, peruana) or as an 
asymptomatic infection (definition by Strong, Tyzzer and Sellards emend. Tyzzer 
and Weinman (in Weinman, Trans. Amor. Philosoph. Soc., N.S., S3, pt. 3, 1944, 
246). 

The type species is Bartonella hacilhforrtnfi (Strong et al ) Strong et al. 


1. Bartonella bacilliformis (Strong, 
Tyzzer, Brues, Sellards and Gastiaburu) 
Strong, Tyzzer and Sellards (Bartonia 
bacilliJorrnie Strong et al., Jour. Amer 
Med. Assoc., 61, 1913, 1715; Bailonella 
bacilliformis Strong, Tyzzer and Sellards, 
Jour. Amer. Med. Assoc., 64, 1015, 898, 
emend. Tyzzer and Weinman, Amer. 
Jour. ilyg. 50(B), 1939, 143; also j^ee 
Weinman, Trans. Amer. Philosoph. Soe., 
X.S., SS, pt. 3,1944,24G. Part ml or com¬ 
plete synonyms: Bartonella cocoide (sic) 
Hercelles, Ann. dc Fac. de Med , Lima, 
9, 1926, 231; Bartonella peruviana Ksco- 
mel. Bull, Soc. path. Kxot., 22, 1929, J154; 
Eperthyrozoon noguchii Lwoff and 
Vaucel, Compt. rend. Soc. Biol., Paris, 
lOS, 1930, 975.) From Latin bacillus, 
rod and forma, shape. 

Small, pleomorphic organisms, show¬ 
ing greatest morphological range in the 
blood of man, appearing as red-violet 
rods or coccoids situated on the red cells, 
when stained with Giemsa’s stain. Ba- 
cilliform bodies arc the mo.st typical, 
measuring 0.25 to 0.5 by 1 to 3 microns. 
Often curved and may show polar en¬ 
largement and granules at one or both 
ends. Rounded organisms measure 
about 0.75 micron in diameter and a ring¬ 
like variety is sometimes abundant. On 
semi-solid media a mi.xture of rods and 
granules appear. The organisms may 
occur singly or in large and small, ir¬ 
regular dense collections, measuring up 
to 25 microns or more in length. Puncti- 


form, spindle-shaped and ellipsoial forma 
of the organism occur, varying in size 
from 0.2 to 0.5 by 0.3 to 3 microns. 

Gram-negative and non-acid-fast. 
Stain poorly or not at all with the usual 
aniline dye stains, but satisfactorily with 
Romanowsky and Giemsa stains. 

Motile in the blood and in cultures. 
One to four unirx)lar flagella. 

Cultivation: Growth in semi-solid agar 
with fresh rabbit serum and rabbit 
hemoglobin and in semi-solid agar with 
blood of man, horse or rabbit with or 
without the addition of fresh tissue and 
certain carbohydrates, in other culture 
media containing blood, serum or plasma, 
Huntoon's hormone agar at 20 per cent, 
semi-solid gelatin media, blood-glucose- 
cystine agar, chorio-allantoic fluid and 
yolk sac of chick embryo. 

Gelatin not liquefied. 

No acid or gas n glucose, sucrose, 
galactose, maltose, fructose, xylose, lac¬ 
tose, mannose, mannitol, dulcitol, ara- 
binose, raffinose, rhamnose, dextrin, inu- 
lin, salicin and amygdalin. 

No action on lead acetate. 

Aerobic, obligate. 

Optimum temperature 28®C. 

Immunology: Natural immunity to 
infection has not been demonstrated in 
susceptible species. Acquired immunity 
apparent both during and after the dis¬ 
ease. Bartonellae from different sources 
appear to provoke similar responses. 
Bartonellae from Oroya fever protect 



1102 


MANUAL OF DBTERBaNATIVE BACTERIOLOGY 


against infection with organisms ob¬ 
tained from verruga cases. 

Serology: Immune sera fix complement 
and agglutination of suspensions of 
Bartonella by sera from recovered cases 
has been reported. 

Pathogenicity: Three forms of the dis¬ 
ease occur in man; the anemic (Oroya 
fever), the eruptive (verruga peruana) 
and mixed types of both of the other 
forms, Experimental Oroya fever has 
not been successfully produced in ani¬ 


mals» except rarely in an atypical form 
in monkeys. Experimental verruga per¬ 
uana has been produced in man, in a 
number of species of monkeys and occa¬ 
sionally in dogs. 

Source: Blood and endothelial cells 
of lymph glands, spleen and liver of 
human cases of Oroya fever. 

Habitat: Blood and endothelial cells 
of infected man, probably also in sand 
flies (Phlehotomua vernmarum and Phle~ 
hotomua noguchii). 


Genus IL Haemobartonella Tyzzer and Weinman. 

(Amer. Jour. Hyg., 50(B), 1939, 141.) From Greek haemoSf blood and the generic 

name Bartonella. 

Includes parasites of the red blood cells in which there is no demonstrable multi¬ 
plication in the tissues and which do not produce cutaneous eruptions. They are 
typically rod- or coccoid-shaped, showing no differentiation into nucleus and cyto¬ 
plasm, occurring naturally as parasites of vertebrates, and are transmitted by arthro¬ 
pods. They are distributed over the surface of the erythrocytes, and possibly some¬ 
times within them. They stain well with Romanowsky type stains and poorly 
with other aniline dyes. Gram-negative. Not cultivated indefinitely in cell-free 
material. Rarely produce disease in animals without splenectomy, are markedly 
influenced by arsenotherapy, and are almost all of world-wide distribution. The 
experimental host range is restricted, infectivity of a rodent species for other rodents 
being common, but for primates unknown. 

The type species is Haemobartonella muris (Mayer) Tyzzer and Weinman. 

Key to the species of genus Haemobartonella. 

I. The etiological agent of haemobartonellosis of the white rat. 

1. Haemobartonella muris. 

II. The etiological agent of haemobartonellosis of the dog. 

2. Haemobartonella canis. 

III. The etiological agent of haemobartonellosis of the vole. 

3. Haemobartonella microtii. 

IV. The etiological agent of haemobartonellosis of the guinea pig. 

4. Haemobartonella tyzzeri. 

V. The etiological agent of haemobartonellosis of cattle. 

5. Haemobartonella bovis. 

VI. The etiological agent of haemobartonellosis of the buffalo. 

6. Haemobartonella sturmanii. 

VII. The etiological agent of haemobartonellosis of the deer mouse. 

7. Haemobartonella peromyscii. 

VIII. The etiological agent of haemobartonellosis of the gray-backed deer mouse. 

7a. Haemobartonella peromyscii var. 
manicvlati. 

IX. The etiological agent of haemobartonellosis of the short-tailed shrew. 

8. Haemobartonella blarinae. 

X. The etiological agent of haemobartonellosis of the gray squirrel. 

9. Haemobartonella sdurii. 
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1. HaMnobartoneUa muria (Mayer) 
Tyzzer and Weinman. {Bartonella 
muria Mayer, Arch, f. Schififs.- u. Tropen- 
hyg., 1921, 161; Bartonella muria 
ratti Regendanz and Kikuth, Compt. 
rend. Soc. Biol., Paris, 98, 1928, 1578; 
Tyzzer and Weinman, Amer. Jour. Hyg., 
5d(B), 1939, 143.) From Latin mua, 
muria, mouse. 

Slender rods with rounded ends, fre¬ 
quently showing granules or swellings at 
one or both extremities, and dumbbell, 
coccoid or diplococcoid forms. May oc¬ 
cur individually, in pairs, or in short 
chains of 3 or 4 elements, and, when 
abundant, in parallel grouping. The 
rods measure 0.1 by 0.7 to 1.3 microns 
and as much as half the length of a red 
cell. The coetoids have a diameter of 
0.1 to 0.2 micron. 

They have been found on and in the 
erythrocytes and in the plasma. Pre¬ 
ferred stains are those of the Roman- 
owsky type. With Giemsa’s stain 
various investigators report an intense 
red coloration, a bluish tinge with dis¬ 
tinct pink shading, blue with purple 
granules. With Wright's stain, the or¬ 
ganisms stain bluish, with reddish gran¬ 
ules at the ends. With Schilling's me¬ 
thylene blue-eosin stain the organisms 
stain a bright red color with the erythro¬ 
cyte staining blue. They stain faintly 
with Manson’s stain, pyronin-methyl 
green and fuchsin. Gram-negative. 

There is lack of agreement concerning 
visibility in the fresh state and motility. 
Various authors report Brownian move¬ 
ment, slow and sinuous motion in the 
red cell or rapid motion. 

Cultivation: Cultivated with difficulty 
and divergent results have been reported. 
Growth on various media reported (blood 
agar, agar with 2 per cent dcfibrinated 
rat blood, horse blood agar, N. N. N., 
BlutrSsplatte of Wethmar, hormone agar 
with blood of rabbit, horse or man, asci¬ 
tic fluid agar, chocolate agar, semi-solid 
rabbit serum agar, semi-solid rabbit 
blood agar, Noguchi-Wenyon medium, 
defibrinated rat blood, glucose broth. 


Tarozzi broth, peptone water) but usu¬ 
ally growth was scant or could not be 
continued by transfer to the same me¬ 
dium or the organism isolated was non- 
infectious or the possibility of latent 
infections in the animal was not excluded. 
Best results are apparently obtained with 
semi-solid rabbit serum agar and semi¬ 
solid rabbit blood agar. 

No conclusive results have been re¬ 
ported in tissue culture. The organism 
has been cultivated on the chorio-allan- 
toic membrane of the chick embryo. 

Filterability: Non-filterable with Seitz 
or Berkefeld N Alters. 

Immunology: No authentic case of 
true natural immunity in rats has been 
established. Acquired immunity occurs 
in (1) the latently-infected rat, (2) the 
infected rat after splenectomy and re¬ 
covery from the disease, the period of 
resistance corresponding to the duration 
of latency, (3) the non-splenectomized 
non-carrier rat following infection, (4) 
animals other than the rat following in¬ 
fection. 

Serology; No precipitins, thrombocyto- 
barin, isoagglutinins, or cold hemolysins 
have been reported in the serum of ane¬ 
mic rats. Complement deviation and 
agglutination have been reported with 
sera from rabbits, rats and guinea pigs 
injected with cultures. Rabbits im¬ 
munized with cultures have given posi¬ 
tive Weil-Felix reactions with Proteua 
0X19 and OXK and rat sera recovered 
from haemobartonellosis have given a 
positive Weil-Felix reaction and positive 
agglutination in low dilution with Rickett¬ 
sia prowazekii. 

Pathogenicity: Infected blood, liver 
suspension, defibrinated laked blood, 
washed red cells, plasma and hemoglo- 
binuric urine may produce infection by 
the subcutaneous, intravenous, intra- 
peritoneal or intracardiac routes. Slight, 
transient or no haemobartonelloris oc¬ 
curs in adult non-splenectomized haemo- 
bartonella-free albino rats, adult 
non-splenectomized albino rats of carrier 
stock, adult splenectomized rats pre- 
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viouiriy infected, until 15 weeks to 8 
months after infectiou. Typical haemo< 
bartonellosis occurs in adult splenec- 
tomized haemobartonella*free albino rats 
and in young non-splenectomized haemo* 
bartonella-free albino rats weighing 20 
to 30 grams at 3 weeks. Variable results 
have been obtained by different invest!- 
gators with wild mice, guinea pigs, 
rabbits, hamsters, pigeons and monkeys 
{Macacm rheauB and Macacm ap.). It 
is known to be infectious for wild rats, 
albino mice, rabbits and for two Palestin¬ 
ian rodents {Sphallax {Spcdax correct 
designation) typhlopa and Merionea tria- 
trami). Negative results have been re¬ 
ported in dogs, kittens, cats, sheep and 
various birds. Causes a definite and 
characteristic anemia without cutaneous 
eruption. 

Arsenical therapy : True sterilization 
of latent or recognized infection with 
organic arsenical compounds. 

Source: Blood of infected albino rats. 

Habitat: Ectoparasites such as the 
rat louse (Polyplaz {Haematopinua) 
9 pinvloaua)^ the flea (Xenopaylla cheo- 
pis) and possibly the bedbug {Cimex 
Ueiidariua ). Also found in the erythro¬ 
cytes of susceptible animals. World 
wide in distribution. 

2. Haemobartonella canls (Kikuth) 
Tyzzer and Weinman. (Bartonella cania 
Kikuth, Klin. Wchnschr., 1928, 1729; 
Tyzzer and Weinman, Amer. Jour. Hyg., 
50(B), 1939, 151.) From Latin cania, 
dog. 

One of the most pleomorphic of the 
haemobartonellae, occurring as thin rods, 
straight or slightly curved, dumbbell¬ 
shaped organisms, dots, coccoids, or 
rings. Chains of rods, coccoids or rings 
occur. These consist of only one type 
of these forms or a mixture of types. 
The chains may be straight, curved, 
branched or annular. Variable in size. 
Bound forms vary from 0.2 or 0.5 micron 
to the limit of visibility. Single rods 
are 0.2 by 1 to 5 microns, while the 


composite forms vary from 1 to 4 microns. 
Situation is epi-erythrocytic. 

Giemsa’s fluid stains the organism 
red-violet, usually intensely. Methyl¬ 
ene blue used as a vital stain colors the 
organism distinctly. Gram-negative and 
non-acid-fast. 

Considered non-motile by most inves¬ 
tigators. 

Cultivation: Cultivation has not been 
demonstrated in semi-solid rabbit serum- 
agar medium nor in media containing 
serum of splenectomized dogs, N.N.N., 
Noguchi^s medium for leptospira, blood 
broth, Chatton's medium covered with 
vaseline for Trichomaatix. 

Filterability: Results equivocal. 

Immunology: The outstanding phe¬ 
nomena resemble those found in the rat 
infected with Haemoharionella maria. 

Pathogenicity: Splenectomy is essen¬ 
tial to infection accompanied by anemia 
in the dog. Negative results in splenec- 
tomized haemobartonella-free guinea pig, 
rat, rabbit, and monkey {Cercopitheeva 
aabaeua). No infection or anemia in 
unoperated mice, white rats, young rab¬ 
bits, young dogs and young guinea pigs. 
The splenectomized cat has been found 
to carry the infection by serial passage. 

Arsenical therapy: Complete sterili¬ 
zation obtained by neoarsphenamine. 

Source: Erythrocytes of infected sple¬ 
nectomized dogs. 

Habitat: Found in dog fleas (Cteno- 
cephalus) and erythocytes of infected 
animals. Distribution wide-spread, the 
infection occurring spontaneously in 
Europe, India, North and South Africa, 
North and South America. 

3. Haemobartonella microtii Tyzzer 
and Weinman. (Tyzzer and Weinman, 
Amer. Jour. Hyg., 30(B), 1939, 143; alsd 
see Weinman, Trans. Amer. Philosoph. 
Soc., N. S., S3, 1944, 312; questionable 
synonym Bartonella arvicolae Yakimoff, 
Arch. Inst. Past, de Tunis, 17, 1928, 350; 
Haemobartonella arvicolae Weinman, loc. 
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ciL, 290.) From the genus of voles, 
Microtus, 

In infected animal, morphology re¬ 
sembles that of Haemoharionella cams, 
the organisms occurring as rods, coccoids, 
filaments, club forms, ring forms and 
granular masses. In addition to these 
forms there occur in Giemsa-stained 
blood films ovoids, diamond- or fiame- 
shaped small forms as well as coarse seg¬ 
mented or unsegmented filaments up to 
5 microns in length. Filaments may con¬ 
tain one or more rings, or may be com- 
j)Osed in part or entirely of diainond- 
sliaped, coceoid or ovoid elements, some¬ 
times in parallel rows. Rods often show 
intense bipolar staining. C^ccoid forms, 
usually scattered, may occur as aggre¬ 
gates or clumps on the red cell, appar¬ 
ently embedded in a faint blue matrix. 

A pale blue veil-like substance may 
cover nearly half of one surface of th(* 
red cells and show at its lx)rdcr typical 
red-violet stained rods or filaments in 
the Giemsa-stained specimens. A lx)w- 
shaped arrangement of elements is char¬ 
acteristic. Organisms lie on the surface 
of the red cells. In cultures organisms 
are more uniform in morphology resembl¬ 
ing Bartonella bacilhformis. Individual 
organisms are fine rods, 0.3 by 1.0 to 2 
microns, sometimes occurring in chains 
and often in clumps.f Small round forms 
occur, measuring 0.5 micron in diameter, 
and occasionally round disk-1 ike struc¬ 
tures. ^ 

Cultivation: Growth in Noguchi s 
semi-solid serum agar 2 weeks after in¬ 
oculation with citrated or heparinized 
blood and incubated at 23°C .shows as 
white rounded masses, measuring up to 
about 1 mm in the upper 15 mm of the 
tube. In tissue culture the organism 
grows in small, rounded comimct masses 
within the cytoplasm of infected cells. 
Indefinite maintenance of the strains 
isolated on artificial media has not been 

iwssible. . . 

Pathogenicity: Splencctonuzed white 
mice and splenectomized laboratory 


reared voles are readily susceptible to 
infection. No marked anemia or any 
mortality in heavily infected animals. 
Splenectomized dogs, white rats and deer 
mice arc not susceptible. 

Source and habitat: Erythrocytes of 
the vole (Microtus pennsylvanicuB penn- 
sylvanicus) following splenectomy. 
The natural mode of transmission has not 
been determined though ticks or mites 
are suspected. 

4. Haemobartonella tyzzeri (Wein¬ 
man and Pinkerton) Weinman. (Bar- 
ionella hizzeri Weinman and Pinkerton, 
Ann. Trop. Med., S2, 1938, 217; Wein¬ 
man, Trans. Amer. Philosoph. Soc., 55, 
1944 , 314 ) Named for Prof. Tyzzer 
who studied haemobartonellae. 

Single or comixisitc rods from about 
0 25 micron by 1.4 to 4.0 microns. Occa¬ 
sional granular swellings and enlarged 
ix)lr*s. Short rods also occur averaging 
0 2 to 0.3 by 0.8 micron and also round 
forms with diameters of 0.2 to 0.3 micron. 
Distributed irregularly in the red cells. 

Stain intensely red-violet with 
Gieinsa^s or Alay-Grunwald-Gicmsa a so¬ 
lutions. Gram-negative. 

Cultivation: Initial cultures on Nogu¬ 
chi’s semi-solid serum agar obtained ir¬ 
regularly. When incubated at 28 C, 
colonies appear as isolated wdiite spheres 
alx)Ut 1 mm in diameter in the upper 8 
mm liurder of the medium. The clumps 
are comiiosed of rods and granules, with 
larger round structures or disks occurring 
oi'casionally. Also cultivated on the 
Zinsser, Wei and Fitzpatrick modifica¬ 
tion of the Maitland medium. Pro¬ 
longed maintenance on semi-solid media 
has not been obtained. 

Pathogenicity : Splenectomized haemo- 
bartonella-free guinea pigs nmy be 
infected by blood or cultures injected 
subcutaneously or intraperitoneally. 
Splenectomized Haemobartonella muris- 
free rats arc insusceptible when inocu¬ 
lated with infected guinea-pig blc<^. 
Macacua rhesus monkeys are also in- 
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susceptible to inoculations of infected 
blood, tissue and cultures. Infection of 
the guinea pig is subclinical in its itiani* 
festations, probably duo to the small 
number of parasites in the blood. No 
definite anemia accompanies infection. 

Source and habitat: Erythrocytes of 
the Peruvian guinea pig {Cavia por- 
cellus). Has also been encountered in 
Colombia but not in other {ifirts of the 
world. Observed in latently infected 
animals only after splenectomy. The 
natural mode of transmission is unknown, 
though the flea may be a i)ossible vector. 

5. Haemobartonella bovis (Donaticn 
and liCstoquard') Weinman. (l')onatien 
and liCatoquard, Bull. Soc. Path. pAot., 
27, 1934 , 662; Bartonella sergenii Adler 
and Kllonbogcn, Jour. Comp. Path, anil 
Themp., 47, 1034 , 221; (?) Bartonella 
bovis lioilrigucz, llcv. del Inst. Llorente, 
IS, 1935, 5; abst. in Bull. Inst. Past., 34, 
1930, 1033; Weinman, Trans. .\mcr 
Philosoph. Soc., X. S., 83, 1944, 308; 
Haemobartonella sergenii Weinman, loc. 
cit., 290.) From I^atin bos, bovis, ox. 

Resembles Uaemobartonella mnris and 
II, canis. Occurs as rods, coccobacilli 
and cocci, singly, in pairs or short chains 
or groups of 10 or more elements. The 
rods measure 1.2 to 2 microns in length 
and are very slender. The coccobacilli 
occur singly or in pairs measuring 0.3 
by 0.6 to 0.8 micron and the diameters of 
the cocci are about 0.3 micron. The 
parasite may occupy a central or marginal 
position on the red cell; the number on a 
cell varying from 1 to 20. Not more 
than 20 per cent of the cells are parasi- 
tized. 

Using the Romanowsky stain, the or¬ 
ganisms stain similarly to the chromatin 
of Firoplasma spp. 

Source and habitat: In the blood of 
bulls in Algeria and in a non-splenectom- 
ized calf in Palestine. 

6. Haemobartonella sturmanli Grin- 
berg. (Grinberg, Ann. T’rop. Med., SS, 


1939, 33; Weinman, Trans. Amer. Philo¬ 
soph. Soc., N. S., 33, 1944, 313.) 

Similar to Haemobartonella bovis and 
//. canis in morphology and staining 
pro|)erties. Occurs as rods, cocco-bacil- 
lary and coccoid forms, varying in length 
from 0.5 to 1.5 microns. The number of 
parasites per infected cell varies from 1 
to 15 and they occur individually, scat¬ 
tered irregularly in clumps or sometimes 
in chains stretching across the cell. At 
the height of the infection more than 90 
per cent of the cells are infected. 

Pathogenicit}’’: Causes a temperature 
rise in buffaloes and slight anemia after 
direct blood inoculation. Splcnectom- 
ized rabbits, hamsters and splencctom- 
ized calves inoculated with blood from 
infected buffaloes romaiiicil free of the 
immsite. 

Source and habitat: In the blood of 
buffaloes in Palestine. 

7. HaemobartonellaperomyscilTyzzer. 
(Proc. Amor. Philos. Soc., 85,, 1942, 377.) 
Named for the genus of deer mice, Pero- 
myscus. 

Occurs as delicate filamcmtous forms 
(which may be branched) on the red 
blood cells. These filaments may be¬ 
come beaded and give rise to a number of 
coccoids and rods from which ring forms 
may develop. 

Stains by Giemsa^s method, but stain¬ 
ing process must be intense in order to 
demonstrate the organism. 

Pathogenicity: Infection transmissible 
to splencctomized white rats, white 
mice and voles, producing a more or less 
severe illness with anemia. 

Habitat: In the blood of the deer 
mouse iPeromysem leucopus novabor- 
acensis). 

7a. Haemobartonella peromyscii var. 
maniculati Tyzzcr. (Proc. Amer. Philos. 
Soc., 85, 1942, 381.) Named for the 
species of mouse from which it was iso¬ 
lated. 

Occurs as rods and filamentous 
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branched forms. Coarser filaments ap¬ 
pear to rise from rounded granules. Del¬ 
icate rods are preponderant, and minute 
cocCoids appear occasionally. When 
transferred to the common deer mouse, 
coarser forms appear, including filaments 
and large coccoids, sometimes in chains. 

Pathogenicity; Pathogenic for gray- 
backed deer mice and the common doer 
mouse, but non-infeetive for splenectom- 
ized white mice. 

Habitat: Blood of the gray-backed deer 
mouse (Fvromyscufi numiculalufi gra¬ 
cilis). 

8. Haemobartonella blarinae Tyzzer 
(Proc. Anier. Philos S<jc , 85, 1942, 382.) 
Named for the genus of .shre^^s, Blanna, 

Extremely pleomorphic nith delicate 
rods and coccus-like forms, often occur 
ring in chains which als(> contain larger 
elements which hav(» a dce[)ly stained, 
bead-like granule. In the early stages of 
infection they may occur as thick bands 
or filaments stretching over the red 
cells usually with a bead or granule. 

The bands take a bluish tint with 
Geimsa’s stain, wliile the more delicate 
form stains a slaty violet. The head is 
distinctly reddish. In the fully de¬ 
veloped infection, rods and filaments pre¬ 
dominate over rounded forms. The or¬ 
ganisms may be scattered on the surfact' 
of the red cells or may form a dense cap 
which is intensely stained. Rudimen¬ 
tary mycclia may be found radiating 
from a central portion and reddish stained 
material with ill-defined contours may 
occur at the ends of the mycelial 
branches. 

Pathogenicity; Pathogenic for the 
short-tailed shrew but not for deer mice 
or white mice. C’auses anemia in the 
shrew. 

Habitat: In the blood of the short- 
tailed shrew (Blarina brevicawla). 

9. Haemobartonella sciuril Tyzzer. 
(Proc. Amer. Philos. Soc., 66, 1942, 385.) 


Named for the genus of gray squirrels, 
Sciurus. 

Very pleomorphic. Occurs as minute 
rods and filaments which arc continuous 
or segmented. The rods and filaments 
vary in thickness, some are very uneven 
and some very coarse. I4eaded cliains 
may develop from the thickened forms. 

The bead'like elements stain a dull 
reddish at the periphery with Giemsa’s 
stain wliile the remainder is very faintly 
stained m contrast to the intensely stain¬ 
ing basophilic rods and filaments. Some 
of the rounded forms have the appearance 
of large, thick rings. Beads and rings 
may arist* from slender deeply staining 
rods, simulaling very closely sjiores 
within bacilli, though no germination 
of filaments from them has been observed. 

Pathogenicity. Slightly imthogenic for 
the gray sciuirrel, non-pathogenic for 
normal white mice. 

Habitat • Blood of the gray squirrel 
(Sciurus carolinensis leucolis). 

Appendix: Here are included (1) Hoc- 
mobarhnclla of undetermined specific 
rank, (2) Havmobartonella’Wko struc¬ 
tures in non-splcnectoinized mammals 
and in cold-blooded animals, (3) Invalid 
species (see Weinman, Trans. Amer. 
Philosoph. Soc . X. S , 55, 1944, 315). 

1. llameobartoncllae of undetermined 
specific rank Microorganisms are 
grouped according to host of origin and 
are consiilered to be haemobartonellac 
from the description of the original 
author; but the information furnished is 
not sufficient for further classification. 

Haemobartonollae similar to Haemo- 
bartonella mnris in wild rats; Mus deal- 
manuSy Mus norvegicus. Rat I us ratius 
frugivoruSy Mus rattus griseivenier. Mm 
rattiis raitusy Mus sijlvaticus. In vari¬ 
ous rats; technical names not given. 

Haemobartonella<' similar to Haemo- 
barioneUa tuuris in albino mice. Schil¬ 
ling (Klin. Wchnschr., 1929,55) separated 
the haemoliartonella of the mouse from 
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that of the rat and named it BartoneUa 
muria muaculi var. alhinoi {Haemohar- 
ionella muria muaculi var. albinoi Wein¬ 
man, loc, ciLy 290). 

Haemobartonellae similar to Haemo- 
harlonella muria in other mammals: 
Haemohartonella glia glia (Kikuth) Wein¬ 
man {Bartonella glia glia Kikuth, Cent, 
f. Bakt., I Abt., 1931, 356; Weinman, 
loc. cit.y 317) in dormice {Glia glia). 

Haemohartonella opoaaum (Regendanz 
and Kikuth) Weinman {Bartonella opoa¬ 
aum Regendanz and Kikuth, Arch. f. 
Schiffs- u. Tropenhyg., S2y 1928, 587; 
Weinman, loc. cit., 290) in the marsupial 
rat (Metachirua opoaaum) and in the 
opossum {Didelphya didelphya). 

Haemohartonella app. in Lophuromya 
anaorgeiy in Lophuromya laiicepa, in 
Oenomya bacchante ediiuay in Praeomya 
jackaoniy in Arvicanthua atriatuay in deer 
mouse (Peromyscua leucopus novabora- 
cenaia)y in Chinese hamsters {Criceiulua 
griaeuay Criceiulua griaeua fumatua)y in 
Apodemua agrariua and Phodopua praedi- 
lectua) y and in squirrels {Sciurua vulgaria). 
Mixed infections, including haemobar¬ 
tonellae are found in jerboa, the gerbillo 
and various rodents (see Weinman, loc, 
city 317-319). 

2. Haemohartonella-like structures in 
non-splenectomized mammals and cold¬ 
blooded animals. 

Various bodies whose proper classifica¬ 
tion in the genus Haemohartonella has not 
been established (Weinman, loc. cit.y 319) 

In non-splenectomized mammals: 

Bartonella melloi Yakimoff and Raste- 
gaieff. Bull. Soc. Path. Exot., 24f 1931, 
471 {Haemohartonella melloi Weinman, 
loc. cit.y 290) in the ant eater {Mania 
penladaciyla). 

Bartonella paeudocebi Pcssda and 
Prado, Rev. biol. e hyg., i, 1927, 116 
{Haemohartonella paeudocebi Weinman, 
loc. cit.y 290) in the monkey {Paeudoce- 
hue apella). 

Bartonella rockadimai Faria and Pinto, 
Compt. rend. Soc. Biol., Paris, 96, 1926, 


1500 {Haemohartonella rocha-limai Wein¬ 
man, loc. cit.y 290) in the bat {Hemi- 
derma hrevicauda). 

Bartonella ap. in the rat {Rattua ru/ea- 
cena) and Bartonella ap. in the dormouse 
{Myoxua glia). 

In cold-blooded animals : 

Bartonella pavlovakii Epstein, All 
Union. Inst. Exper. Med., Moscow, 1935, 
398, see Ray and Idnani, Indian Jour. 
Vet. Sci. and Animal Husb. 10, 1940, 259, 
{Haemohartonella pavlovakiiy Weinman 
loc. cit.y 290) in the lamprey (Petromyzon 
marinua ). 

Bartonella nicollei Yakimoff, Arch. 
Inst. Pasteur Tunis, 17, 1928, 350 {Hae¬ 
mohartonella nicollei Weinman, loc. cit., 
290) in the brochet {Eaox luciua). 

Bartonella ranar\im da Cunha and 
Munez, Compt. rend. Soc. Biol., Paris, 
97y 1927, 1091 {Haemohartonella ranarum 
Weinman, loc. cit., 290) in the frog {Lep- 
todactylua ocellatua). This is probably 
identical with Bartonella hatrachorum 
Zavattari, Boll. d. Soc. ital. biol. sper., 
6y 1931, 121 {Haemohartonella batracho- 
ruin Weinman, loc. cit., 290) from the 
same species. 

Bartonella ap. in the gecko {Platydac- 
tylua mauritanicua)y Bartonella ap. in 
the lizard {Lacertilia ap.), Bartonella 
ap. in the lizard {Tropidurua peruui- 
anua), Bartonella ap. in the tench 
{Tinea tinea) and Bartonella ap. in the 
tortoise {Teatudo graeca). 

3. Invalid species: 

Bartonella caviae Campanacci, Ateneo 
parmense, 1, 1929, 99 {Haemohartonella 
caviae Weinman, loc. cit., 290) from the 
guinea pig. 

Bartonella ukrainica Rybinsky, Rev. 
Microbiol, epidem. et parasitoK, 8, 
1929, 296 {Haepiobartonella ukrainica 
Weinman, loc. cit., 290) from the guinea 
pig- 

Weinman {loc. cit., 314) states that the 
parasitism of these structures was not 
proven and no illustrations are fur¬ 
nished by the authors. 
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Genua HI. Grahamella Brumpl. 

(Brumpt, Bull &c. Path. Exot., 4 , 1911, 514; Grahamia Tartakowsky, Trav. IX' 
^ng. Int. Me^Vet., 4 , 1910, 242; not Grahamia Thnobald, Colonial Office, Misc. 

‘ ^ ' Gained for G. S. Graham-Smith who discovered the imrasite 

in the blood of voles. 

Parasites occurring within the erythrocytes of the lower mammals which morpho¬ 
logically bear a resemblance to Bartonella^ but which are less pleomorphic, more 
plump, and more suggestive of the true bacteria. They stain more deeply than bar- 
tonellae with Giemsa s stain, stain lightly w'ith aniline dyes and with methylene blue. 
They are Gram-negative, non-acid-fast and non-motile. Splenectomy has no effect 
on the source of infection except in rats. They are non-pathogenic and not affected 
by arsenicals. Several species have been cultivated on cell-free media.* The etio¬ 
logical agent of grahamellosis of rodents and some otl\er vertebrat(\s. 

The type species is Grahamella talpne Brumpt. 


1. Grahamella talpae Brumpt. (Bull 
Soc. Path. Exot., 4, 1911, 514.) \amed 
for the genus of moles, TaJpa 

Long or short rods of irregular contour 
lying within the red blood cells, many 
with a marked curve, often near one of 
the extremities. One or bo(h ends of the 
longer forms enlarged, giving a wedge* 
or club-shaped appearance. Some of the 
medium-sized forms definitely dumbbell- 
shaped, small forms nearly round. 

With Giemsa’s stain, the protoplasm of 
the organism stains light blue, with 
darker areas at the enlarged ends. Dark 
staining areas of longer forms give the 
organism a banded appearance. Length 
varies from 0.1 to 1 micron. Parasites 
occasionally free in the plasma, but 
usually in groups. Most of the infected 
corpuscles contain between 6 and 20 
parasites (Graham-Smith, Jour. Hyg , 5, 
1905, 453). 

Pathogenicity: Pathogenic for moles 

Appendix: In addition to Grahamella 
talpae Brumpt, descriptions of the 
following species occur in the literature. 
The list may not be complete and the 


validity of these species may be (jnes- 
tioned in some cases. 

Grahamella acodnni C'arini fAnn. 
Parasit , i?, 1024, 253.) From Acodon 
serrcnsis, Brazil. 

Grahamella alactagae Tartakowsky. 
(Kataloguc der Exponaten der Land- 
wirthschafllichen .\usstcllung (Rus- 
sisch), St. Petersburg, 1913.) From 
Alactaga saliens and Alaciaga aconitus in 
Transcaucasia and step^>es of Astrakhan 
(Alactaga misspelled Alaefoga). Quoted 
from Yakimoff, Arch. f. Protistenk., 66 , 
1929, 303. 

Grahamella arvalis Tartakowsky. 
(Kataloguc der Exponaten der Land- 
wirthschaftlichen Ausstellung (Uussisch) 
St. Petersburg, 1913.) From Microln,s 
arvalis in Transcaucasia. (2uoted from 
Yakimoff, Arch. f. Protistenk., 66 , 1029, 
304. 

Grahamella baljourn Brumpt. (Gra- 
hamella sp, Balfour, Rept., Wellcome 
Tropical Research Laboratory, 2, 1906, 
97; Grahamella half our i Brumpt, Bull. 
Soc. Path. Exot., Paris, 4, 1911, 517.) 
From the desert rat (Jaculus jaculus) in 
the Sudan. 


* Tyzzer (Proc. Amer. Philos. Soc., 85, 1942, 375) finds that grahamellae isolated 
in culture show a close relationship to Sireptobacillus moniliformis {Aciinomycea 
muria) and proposes the inclusion of the genus Grahamella in the family Ac/inomy- 
eetaeeae. The latter relationship appears to be very doubtful. 
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Grahamella hlatinae Tyzzer. (Proc. 
Amer. Philos. Soc., 85,1942, 370.) From 
the short-tailed shrew (Blarina brevi- 
eauda) in Massachusetts. 

Grahamella bovis Marzinowsky. (Med. 
Obosrenie, 1917, No. 1-2.) From the ox 
(Bo8 taurus) in Russia. Quoted from 
Yakimoff, Arch. f. Protistenk., 66 , 1929, 
304. 

Grahamella brumpiii Ribeyro and del 
Aquilla. (Ann. Fac. Med., Lima, 1, 
1918, 14-20.) From Deaviodus rufua in 
Peru. 

Grahamella cants lupus Kamalow. 
(Cent. f. Bakt., I Abt., Orig., 1 S8, 1933, 
197.) From the wolf, Tiflis. 

Grahamella couchi Neitz. (Onderst. 
Jour. Vet. Sci. and An. Ind., 10, 1938,29.) 
From the multimammate mouse (Masto- 
mys concha) in South Africa. 

Grahamella criceti domestici Parzwa- 
nidze. (Das Material zum Hamoparasi- 
tismus der Tiere bei Uns. Tiflis, 1925.) 
From Criceius domesticus in Transcau¬ 
casia. Quoted from Yakimoff, Arch. f. 
Protistenk., 66 , 1929, 3(H. 

Grahamella cricetuli Patton and 
Hindle. (Proc. Roy. Soc., London, 
BilOO), 1926, 387.) From Criceiulua 
griaeua in China. 

Grahamella dachunkowakti Tartakow- 
sky. (Grahamia sp., Dsohunkowsky and 
Luhs, Trav. IX. Cong. Internat. Med. 
Vet., 1909, 4,1910, 242; Grahamia dschun- 
kowaki Tartakowsky, 1910.) From the 
bat (Veapertilio nociula) in Transcau¬ 
casia. Ref. to Tartakowsky quoted from 
Yakimoff, Arch. f. Protistenk., 66 , 1929, 
304. 

Grahamella dudtachenkoi Yakimoff. 
(Grahamella ap., Dudtschenko, Cent. f. 
Bakt., I Abt., Orig., 74, 1914, 241; Gra¬ 
hamella dudtachenkoi Yakimoff, Arch. f. 
Protistenk., 66 , 1929, 304.) From the 
hamster (Criceiulua ap.) in Transbaikal. 

Grahamella ehrlichii Yakimoff. (Gra¬ 
hamella ehrlichi Yakimoff, Arch. f. Pro¬ 
tistenk., 66 , 1929, 305.) From the perch 
(Perea fluviatilia) in Russia. 


Grahamella francai Brumpt. (Gra¬ 
hamella ap. Franca, Arch. Inst. Bacter. 
Camara, Pestana, 3, 1911, 277; Graha¬ 
mella francai Brumpt, Pr6cis de Parasi- 
toiogie, 2^e ^d., 1913, 102.) From the 
jumping rat (Eliomya quercinus) in 
Portugal. 

Grahamella gallinarum Carpano. (Ann 
Parasit. hum. et comp., IS, 1935, 238.) 
From leghorn chickens in Egypt. 

Grahamella gerbilli Sassuchin. iGra¬ 
hamia gerbillt Sassuchin, Arch. f. Pro¬ 
tistenk., 74, 1931, 526.) From Gerbillua 
tamaricinua in southeast Russia. 

Grahamella hegneri Sassuchin. (Gra¬ 
hamia hegneri Sassuchin, Arch. f. Pro¬ 
tistenk., 76, 1931, 152.) From Citellua 
pygmaeua in Russia. 

Grahamella joyeuxii Brumpt. (Gra- 
hamella ap., Joyeux, Bull. Soc. Path. 
Exot., Paris, 6 , 1913, 614; Grahamella 
joyeuxi Brumpt, Precis de Parasitologie, 
2^e 6d., 1913,102.) From Golundafallax 
and Mua ratiua in French Guinea. 

Grahamella merionis Adler. (Trans. 
Roy. Soc. Trop. Mod., 24y 1930, 78.) 
From Mcrionea triatrami in Palestine. 

Grahamella microti Lavicr. (Bull. Soc. 
Path. Exot., Paris, 1921, 573.) From 
Microtua arvalts in France. 

Grahamella microti pennaylvanici Tyz¬ 
zer. (Proc. Amer. Philos. Soc., 86 , 1942, 
366.) From the common vole (Microtua 
pennayIranicua pennaylvanicua) in Massa¬ 
chusetts. 

Grahamella muria Carini. (Bull. Soc. 
Path. Exot., Paris, 8 , 1915, 104.) From 
the house rat (Mua decumanus) in Brazil. 

Grahamella muria muaculi iberica 
Parzwanidze. (Das Material zum Hamo- 
parasitismus der Tiere bei uns. Tiflis, 
1925.) From Mua muaculua in Trans¬ 
caucasia. Quoted from Yakimoff, Arch, 
f. Protistenk., 66 , 1929, 304. 

Grahamella muaculi Benoit-Bazille. 
(Bull. Soc. Path. Exot., Paris, IS, 1920, 
408.) From Mua muaculua var. albinos 
in France. 

Grahamella niruie kohl-yakomovi Yaki¬ 
moff. (Bull. Soc. Path. Exot., Paris, 10 , 
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1917^ 99.) From the hamster {Criceius 
phqca) in Transcaucasia. 

Orahamella peromyad Tyzzer. (Proc. 
Amer. Philos. Soc., 55,1942,363.) From 
the deer mouse (P. leucopua novaboracen- 
aia) in Massachusetts. 

Orahamella peromyad var. maniculati 
Tyzzer. (Proc. Amer. Philos. Soc., 55, 
194i, 365.) From the gray-backed deer 
mouse (Peromyacua maniculatua) in 
Massachusetts. 

Orahamella phyllotidia Tyzzer. (Proc. 
Amer. Philos. Soc., 55,1942, 371.) From 
the Peruvian mouse (Phylloiia darwini 
linattia). 


Orahamella pipiatreUi Markow. (Ora- 
hamia pipiatreUi Markow, Russian Jour. 
Trop. Med., 1926, No. 5, 52.) From the 
bat (Pipiatrellua nathuaii) in Russia. 

Orahamella rheai Leger. (Bull. Soc. 
Path. Exot., Paris, 75,1922, 680.) From 
the monkey (Macacua rheatta) in Annam. 

Orahamella aanii Cerruti. (Arch. Ital. 
Sci. Med. Col., //, 1930, 522.) From 
Teatudo graeca in Sardinia. 

Orahamella talaaaochelya Cerruti. 
(Arch. Ital. Sci. Med. Col., 75,1931,321.) 
From Tallaaochelys carelta in Sardinia. 
(Misspelled for Thalaaaochelya,) 


Oenua IV. £per 3 rthrozoon Schilling.* 

(Schilling, Klin. Wchnschr., 1928, 1854; Oyromorpka Dinger, Nederl. tijdschr. 
geneesk., 75,1928, 5903.) From Greek meaning animal on red blood cell. 
Microscopic blood parasites found in the plasma and on the erythrocytes. They 
stain well with Romanowsky type dyes, and then appear as rings, coccoids or short 
rods, 1 to 2 microns in greatest dimension, staining bluish or pinkish violet. They 
show no differentiation of nucleus and cytoplasm. The organisms are not known 
to retain the violet in Gram s method or to be acid-alcohol-fast. Splenectomy w- 
tivates latent infection. Not cultivated in cell-free media. Arthropod transmission 
has been established for one species (Weinman, Trans. Amer. Philosoph. Soc., 
N.S. 55, pt. 3, 1944,321). 

The type species is Eperythrozoon coccoidea Schilling. 

Key to the apedea of genua Bperythrozoon. 

1. Etiological agent of eperythrozobnosis of white mice. 

1. Eperythrozoon coccoidea. 

II. Etiological agent of eperythrozoonosis of sheep. 

2. Eperythrozoon ovia. 

III. Etiological agent of eperythrozobnosis of cattle. 

3. Eperythrozoon wenyomi. 

IV. Etiological agent of eperythrozoonosis of gray-backed deer mice. 

4. Eperythrozoon vanana. 

V. Etiological agent of eperythrozoonosis of voles and dwarf mice. 

5. Eperythrozoon diapdr. 


• This genus has been considered as belonging to the Protozoa by Neitz, 
and Du Toil (Onderst. J. Vet. Sci., S, 1934,268) and to the ^tena by Mesm (BuU. 
Soc Path exot ««, 1929, 631 and by Tyzzer (in Weinman, Trans. Amer. Philimph. 
Hap ns as nt 3 1944 244). The evidence at hand favors the molusion of this 
^p^a^kj^l^se o;^^which am not protozoan in nature but which am closely 


related to bacteria. 
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1. Bperythroioon coccoldes Schilling. 
(Schilling, Klin. Wchnschr., 1928, 1854; 
Oyromorpha musculi Dinger, Nederl. 
tijdschr. geueesk., , 1928,5905.) From 
Greek, coccus-shaped. 

In stained blood films these organisms 
appear as rings, coccoids and rods, the 
majority as rings of regular outline with 
clear centers. They are in the plasma 
and on the red cells. Measure 0.5 to 1.4 
microns in greatest dimension. 

Stain pale red or reddish-blue with 
the Giemsa or the May-GrUnwald-Giemsa 
technics. Gram-negative. 

Suggested methods of multiplication 
by binary fission, budding, development 
of small coccoidal to annular forms. 

Cultivation: Negative results. 

Immunology: Immunological state in 
animals that of the premunition type. 
Latent infection in mice which is made 
manifest by splenectomy. 

Pathogenicity : Pathogenic for Vhite 
mice, rabbits, white rats, wild mice, 
usually in young animals or in splenec- 
tomized adults. 

Source: Blood of splenectomized white 
mice. 

Habitat: Blood of infected animals, 
mouse louse (Polyplax serrata) and 
probably other arthropods. 

2. Eperythrozoon ovis Neitz, Alexan¬ 
der and Du Toit. (Neitz et al., Address, 
Biological Society, Pretoria, Mar^ 15, 
1934; from Neitz, Onderst. Jour. Vet. 
Sci. and An. Ind., 9, 1937, 9.) From 
Latin ovis, sheep. 

Delicate rings approximately 0.5 to 
1.0 micron in diameter though occasion¬ 
ally larger. In addition there are tri¬ 
angles with rounded angles, ovoid, 
comma, rod, dumbbell and tennis racket 
forms. Found supra-cellularly on the 
erythrocytes but often free. Colored 
pale purple to pinkish-purple with 
Giemsa’s stain. Suggested mode of mul¬ 
tiplication by budding. 

Cultivation: Negative results. 


Immunology: Immunological state in 
sheep appears to be that of the premuni¬ 
tion type. 

Pathogenicity: Sheep, antelopes and 
probably goats and splenectomized calves 
are susceptible. Dogs, rabbits and 
guinea pigs are refractory. The distinc¬ 
tive feature of Eperythrozoon ovis is its 
ability to provoke illness in normal 
animals without resorting to splenec¬ 
tomy. 

Source: Blood of infected South Afri¬ 
can sheep. 

Habitat : Blood of infected animals. 
No ectoparasites found on sheep naturally 
infected, but an arthropod is suspected. 

3. Eperythrozoon wenyonil Adler and 
Ellenbogen. (Adler and Ellenbogen, 
Jour. Comp. Path, and Therap., 47, 1934 
(Sept. 3), 220; see Bartonella wenyoni in 
appendix.) Named for Dr. C. M. Wen- 
yon, a student of these organisms. 

Morphologically similar to Eperythro¬ 
zoon coccoides. Coccoid and often vesi¬ 
cular, staining pale red with Giemsa’s 
stain and varying from 0.2 to 1.5 microns 
in diameter. Multiplication seems to 
be by budding and fission, and by filamen¬ 
tous growths from the ring forms, suggest¬ 
ing resemblance to Hyphomycetes, Up 
to 50 or 60 parasites are found on one cell. 
These are arranged in irregular chains or 
in tightly packed groups. 

Cultivation not reported. 

Immunology: The organism creates a 
state of premunition and latent infection 
is made manifest by splenectomy. 

Pathogenicity: Cattle are susceptible, 
but sheep are not infected either before 
or after splenectomy. 

Source: Blood of infected cattle. 

Habitat: Blood of infected cattle, 
arthropod transmission not proven. 

4. Eperythrozoon varians Tyzzer. 
(Proc. Amer. Philos. Soc., 85, 1942,387.) 
From Latin varians, varying. 
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Occur in rings, coccoids of varying 
size, some very minute, bacillary forms. 

Many of the bacilliform elements show 
an unstained lens-like swelling, indicat¬ 
ing the formation of a ring within the 
substance of the rod. At the height of 
the infection most of the organisms are 
found in the plasma. Whenever an or¬ 
ganism comes in contact with a red cell, 
it stains intensely. 

Pathogenesis: Pathogenic for the gray- 
backed deer mouse (causing anemia) and 
for the splenectomized common deer 
mouse. Not pathogenic for splenectom¬ 
ized white mice. 

Habitat: Blood of the gray-backed deer 
mouse (Peromysciis maniculatm gra¬ 
cilis). 

5. Eperythrozoon dispar Bruynoghc 
and Vassiliadis. (Ann. de Parasitol., 7, 
1929, 353.) 

Resembles Eperythrozoon coccoides in 
staining, distribution on the erythro¬ 
cytes and also in appearance except that 
circular disks with solid staining centers 
may greatly outnumber the ring forms. 
Found on the red blood cells and in the 
plasma. Size range that of Eperythro¬ 
zoon coccoides ^ also some larger ring forms. 

Cultivation: Not successful. 

Immunology: Infection is followed by 
premunition and latent infection is made 
manifest by splenectomy. Splenectom¬ 
ized rabbits premunized against E. coc¬ 
coides do not react to inoculation with 
E. dispar; if the latter is injected first, 
they do not react to E. coccoides. 

Infectivity: Infective for the European 
vole (Arvicola[Microtus] arvalis), the 
American vole (Microtus pennsylvanicus 
pennsylvanicus) t the dwarf mouse (Miis 
mtnufus), the rabbit, and Mus acomys. 


Not infective for albino rats or albino 
mice. 

Source: Blood of infected animals. 

Appendix: 1) Species incompletely 
studied, Eperythrozoon spp. and Epery- 
throzoonAiko structures (Weinman, 
Trans. Amer. Philospph. Soc., N. S. 35, 
pt. 3, 1944, 320). 

Eperythrozoon noguchii Lwoff and Vau- 
cel. (Bull. Soc. path, exot., ^6, 1933, 
397.) Probably not a valid species. 

Eperythrozoon perekropovi Yakimoff. 
(Arch. f. Protistenk., 75, 1931, 271.) 
Classification in genus Eperythrozoon 
questionable. 

Bartonella wenyoni Nieschulz. 
(Ztschr. f. Iiifektionskr., 55, 1938, 178.) 
Probably identical with Eperythrozoon 
wenyom. If valid, Haemobartonella 
wenyoni. 

Possible human infection (Schuffner, 
Nederl. tijdschr v. geneesk., 75, 1939, 
3778). 

2) Animals infected with parasites 
which are definitely eperythrozoon-like 
but of uncertain specificity or which are 
eperythrozoon-like in some features but 
which can not be definitely classified 
generically: 

Jerboa sp. Kikuth. (Cent. f. Bakt., I 
Abt., Orig., m, 1931, 356.) 

Arvicola arvalis Zuelzer. (Zuelzer, 
Cent. f. Bakt., I Abt., Grig., 102 , 1927, 
449; Kikuth, Ergebn. Hyg. Bakt., Im- 
munitatsforsch. u. Exper. therap., 15, 
1932, 559.) 

Rattus rattus Schwetz. (Ann. Soc. 
beige de med. trop., 14, 1934, 277.) 

Sciuras vulgaris Nauck. (Arch. f. 
Schiffs- u. Trop.-Hyg., 51,1927, 322.) 

Leptodactylus pentadactylm Carini. 
(Compt. rend. Soc. Biol., Paris, 105, 
1930,1312.) 
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FAMILY III. CHLAMYDOZOACEAE MOSHKOVSKY.* 

(Uspekhi Souremennoi Biologii (Russian) (Advances in Modern Biology), IP, 

1945,12.) 

Small, pleomorphic, often coccoid microorganisms usually with cliaracteristic de¬ 
velopment cycle. Stain with aniline dyes. Gram-negative. Behave as obligate 
intracytopla»nic parasites. Have not been cultivated in cell-free media. Criteria 
adequate for classification lacking for more recently isolated members. The attribu¬ 
tion of Genus III, Colesiota^ either to Ricketiaiaceae or to Chlamydozoaceae is still in 
doubt. 

Key to the genera of family Chlamydozoaceae. 

I. Cells coccoid and with life cycle. 

A. Non-cultivatable in chicken embryonic tissues. 

Genus I. Chlamydozoony p. 1114. 

B. Cultivatable in chicken embryonic tissues. 

Genus II. Miyagawanella^ p. 1115. 

II. Cells pleomorphic. 

Genus III. Coleaiota, p. 1119. 

Genm /. Chlamydozoon Halberataedter and von Prowazek, 

(Arb. a. d. kaiserl. Gesundheitsamte, £6, 1907, 44.) From Greek chlamydoa^ cloak 

and zoon, animal. 

Coccoid spherical cells with developmental cycle. Gram-negative. Intracyto- 
plasmic habitat. Non-cultivatable in chicken embryonic tissues. Susceptible to 
sulfonamide and penicillin action. 

The type species is Chlamydozoon trachomatia Foley and Parrot. 


1. Chlamydozoon trachomatis Foley 
and Parrot. {Ricketlaia trachomae Bus- 
acca. Arch. Ophthalm., 62, 1935, 567; 
Foley and Parrot, Arch. Inst. Past. d’Al- 
g4rie, IS, 1937, 339; Rickettaia trachoma¬ 
tia Foley and Parrot, idem.) Named for 
the disease, trachoma. 

Coccoid bodies: Small microorganisms 
200 to 350 millimicrons in diameter form 
the elementary bodies. Initial bodies 
up to 800 millimicrons in diameter and 
plaques up to 10 microns also found. All 
larger forms encapsulated with substance 
derived either from the agent or from 
the cytoplasm of the parasitized cells. 
Elementary body is the basic unit. 
Paired forms or clusters occur. Gram¬ 
negative. Stains poorly with aniline 


dyes; blue or reddish-blue with the 
Giemsa stain and red or blue, depending 
on the metabolic state, with the Macchi- 
avello stain. Matrix of plaques gives a 
strong reaction for glycogen. Non- 
motile. 

Cultivation: Has never been culti¬ 
vated. 

Immunological aspects: Has one or 
more antigens in common with or closely 
resembling one or more present in Miya- 
gawanella app. Produces, in low con¬ 
centrations, antibodies which fix comple¬ 
ment with antigen from Miyagawanella 
lymphogranvlomatia . 

Pathogenicity: Pathogenic for man, 
apes and monkeys where it affects only 


* Prepared by Dr. Geoffrey Rake, The Squibb Institute for Medical Research, 
New Brunswick, New Jersey, September, 1946. 




FAMILY CHLAMYDOZOACEAB 


1116 


the corneaand conjunctiva causing highly 
destructive lesions. 

Chemotherapy: Susceptible to sulfon¬ 
amides and penicillin. 

Source: Found in scrapings of cornea 
or conjunctiva in cases of trachoma. 

Habitat: The etiological agent of tra¬ 
choma in man. 

2. Chlamydozoon oculogenitale Mosh- 
kovsky. (Moshkovsky, Uspekhi Sour- 
emennoi Biologii, 19, 1945, 12.) From 
Latin oculus, eye and genitalia, genital. 

Morphology and staining reactions: 
As for Chlamydozoon trachomaiia. 

Cultivation: Has never been culti¬ 
vated. 


Immunological aspects: As for C. tra>> 
chomatia. 

Pathogenicity: Pathogenic for man, 
baboons and monkeys. Causes an acute 
conjunctivitis and, in man, an inflamma¬ 
tion of the lower genito-urinary tract. 

Chemotherapy: Susceptible to sulfon¬ 
amides and penicillin. 

Source: Found in conjunctival exu¬ 
dates, and in exudates from infected 
urethra or cervix. Also present in con¬ 
taminated pools of water. 

Habitat: The etiological agent of swim¬ 
ming pool conjunctivitis, neonatal con¬ 
junctivitis or inclusion conjunctivitis. 


Oenua II. Miyagawanella Brumpt. 

(Ann. de Parasit., 16, 1938, 153.) Named for Prof. Miyagawa, the Japanese bacte¬ 
riologist, who first (1935) grew the type species in the chick embryo. 

Coccoid to spherical cells with a developmental cycle. Gram-negative. Intra- 
cytoplasmic habitat. Cultivatable in chicken embryonic tissues. Some species are 
susceptible to sulfonamide or penicillin action. 

The type species is Miyagawanella lymphogramUomatia Brumpt. 


Key to the apeciea of genua Miyagawanella. 

I. The etiological agent of lymphogranuloma venereum, lymphogranuloma in¬ 
guinale, climatic bubo, and esthiom^ne in man. 

1 . Miyagawanella lymphogranuUmalia. 

II. The etiological agent of psittacosis or parrot fever. 

2 . Miyagawanella paittadi. 

III. The etiological agent of ornithosis (Meyer). 

• 3. Miyagawanella omithcaia. 

IV. The etiological agent of one type of viral pneumonia. 

4. Miyagawanella pneumoniae. 

V. The etiological agent of mouse pneumonitis (Gdnnert). 

5 . Miyagawanella hronchopneumontae. 

VI. The etiological agent of feline pneumonitis (Baker). 

6 . Miyagawanella felta. 

VII. The etiological agent of Louisiana louirianae. 

VIII. The etiological agent called the Illinois virus, the cause of one type of virri 
pneumonia. ^ Miyagamnella iUinii. 
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1. Miyagawanella lymphogranuloma* 
tia Brumpt. (Brumpt, Ann. de Parasit.) 
16y 1938| 153; Ehrlichia lymphogranulo¬ 
matosis Mauro, (Reference not found.) 
Named for the disease, lymphogranu¬ 
loma. 

Coccoid bodies : Small microorganisms 
200 to 350 millimicrons in diameter form 
the elementary bodies. Initial bodies 
up to 1 micron and plaques up to 10 
microns also found. All larger forms 
encapsulated with a substance derived 
either from the agent or from the cyto¬ 
plasm of parasitized cells. Elementary 
body is the basic unit. Paired forms or 
clusters occur. Gram-negative. Stain 
with aniline dyes, purple with the Giemsa 
stain and red or blue, depending on 
metabolic state, with the Macchiavello 
stain. Matrix of the plaque does not give 
the reaction for glycogen. Non-motile. 

Filterability: Passes through Chamb- 
erland Ls and La, Berkefeld V and N and 
sometimes through Seitz EK filters. 

Cultivation: In plasma tissue cultures 
of mammalian cells, in mammalian cells 
on agar, in the chorio-allantoic membrane 
or particularly in the yolk sac of the 
chicken embryo but has not been culti¬ 
vated in the allantoic sac. Optimum 
temperature 37*^0 in tissue cultures, 
35®C in the chicken embryo. 

Immunological aspects: Has one or 
more antigens in common with or closely 
resembling one or more present in the 
chlamydozoa and other miyagawanellae. 
Antisera against any of these two genera 
react with antigens from Miyagawanella 
lymphogranulomatis or the other miya¬ 
gawanellae thus far tested. One com¬ 
mon antigen has been isolated as a soluble 
fraction distinct from the bodies of the 
agent. Distinguished sharply from the 
other miyagawanellae by antitoxic neu¬ 
tralization of toxic factor or by neutra¬ 
lization of infections in mice with chicken 
antisera. Evidence exists that these 


two serological reactions are with dis¬ 
tinct specific antigens. Immunity in 
man or animals is probably poor in the 
absence of continuing apparent or inap- 
parent infection. 

Toxic factor: Infected yolk sac or 
yolk injected intravenously or intra- 
traperitoneally is rapidly fatal to mice. 
Produces characteristic lesions on the 
skin of normal guinea pigs. 

Pathogenicity: Pathogenic for man, 
apes, monkeys, guinea pigs, cotton rats, 
hamsters, mice, chicken embryos. In- 
apparent infections may occur with the 
agent harbored in the organs. Causes 
local genital lesions, septicemia, lymphad¬ 
enitis, meningitis, ophthalmitis and 
rarely pneumonitis in man. 

Tissue tropisms: In laboratory rodents 
this species is infective by the intra¬ 
nasal (pneumonitis), the intracerebral 
(meningitis) and the intradermal routes. 

Chemotherapy: Susceptible to rela¬ 
tively high concentrations of penicillin, 
to the sulfonamides and to some anti¬ 
mony compounds. 

Source: Most commonly the genital 
secretions of infected individual or the 
draining lymph nodes. Also occasionally 
in blood, spinal fluid and ocular secre¬ 
tions. 

Habitat: The etiological agent of 
lymphogranuloma venereum, lympho¬ 
granuloma inguinale, climatic bubo, es- 
thiom^ne and some forms of anorectal 
inflammation. 

2. Miyagawanella psittacll (Lillie) 
Moshkovsky. {Rickettsia psittaci Lillie, 
Publ. Health Repts., Jfiy 1930, 773; 
Microhacterium multiforme psittacosis 
Levinthal,* 1st Cong, intemat. de Mi¬ 
crobiol., It 1930, 523; Moshkovsky, 
Uspekhi Souremennoi Biologii (Russian) 
(Advances in Modem Biology), 19 1 1945, 
12; Ehrlichia psittaci Moshkovsky, t5td., 
19,) From Psittaci, an order of birds. 


* This is the type species of the genus Microhacterium Levinthal which is invalid 
because of the earliet Microhacterium Orla^Jensen, 1919, see p. 370. 
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Coccoid bodies: As for Miyagawanella 
lymphogranulomatia . 

Filterability: Partly filterable through 
Berkefeld N, Chamberland L and Q or 
Seitz EK filters. 

Cultivation: As for Miyagawanella 
lymphogranulomaiis but grows readily in 
allantoic sac without adaptation. 

Immunological aspects : As for M. 
lymphogranulomatia but no soluble frac¬ 
tion yet demonstrated. 

Toxic factor: Infected yolk sac or 
yolk injected intravenously or intraperi- 
toneally is rapidly fatal to mice. 

Pathogenicity: Pathogenic for birds 
(particularly psittacine and finch 
species), man, monkeys, guinea pigs, 
pocket gophers, hamsters, white rats, 
kangaroo rats, mice, rabbits and chicken 
embryos. Inapparent infections may 
occur with the agent harbored in the 
organs. Causes a highly fatal pneumoni¬ 
tis with septicemia in man. 

Tissue tropisms: Causes a septicemia. 
In man this species shows predilection 
for the respiratory tract. In laboratory 
rodents, it is infective by the intranasal, 
the intraperitoneal (peritonitis and septi¬ 
cemia), the intracerebral and the intra¬ 
venous routes. 

Chemotherapy; Susceptible to rela¬ 
tively high concentrations of penicillin. 
Some strains are susceptible to sulfon¬ 
amides. 

Source: Found in the organs and nasal 
secretions of infected birds and, from the 
latter, spreads to the plumage by preen¬ 
ing and other methods. Plentiful in drop¬ 
pings or dust from infected cages. Rela¬ 
tively resistant under such conditions. 

Habitat: The etiological agent of psit¬ 
tacosis or parrot fever. Also of some 
cases of atypical pneumonia. 

3. Miyagawanella ornithosis Rake, 
spec. nov. From Greek ornithoaj bird. 

Coccoid bodies: As for Miyagawanella 
lymphogranulomatia . 

Cultivation: As for Miyagawanella 
paittaci* 


Immunological aspects: Has one or 
more antigens in common Y'ith, or closely 
resembling, one or more ,Qresent in chla- 
mydozoa and other miyagawanellae as^ 
shown b> a cross reaction in complement 
fixation tests. Sharply distinguished 
from ' other miyagawanellae by toxin- 
antitoxin neutralization or by neutrali¬ 
zation of infection in mice with chicken 
antisera. The latter test however sug¬ 
gests that the agent of meningopneumo- 
nitis (Francis and Magill, Jour. Exp. 
Med., 68 y 1938,147) is this species rather 
than something distinct. Immunity in 
man or animals is probably poor except 
in the presence of continuing apparent 
or irifipparent infections. Cross reac¬ 
tions suggest that Miyagawanella omi- 
(hosts may be more closely related to 
Miyagawanella lymphogranulomatia tlian 
is M. psiltaci. 

Toxic factor. As for Miyagawanella 
psiltaci. 

Pathogenicity • Pathogenic for birds 
(especially non-psittacine species), man, 
ferrets, guinea pigs, hamsters, white 
rats, kangaroo rats, mice, rabbits and 
chicken embryos. Inapparent infec¬ 
tions may occur. Causes a moderately 
severe pneumonitis with septicemia in 
man. 

Tissue tropisms: Causes a septicemia. 
In birds and man shows a predilection for 
the lungs. In laboratory rodents, this 
species is infective by the intranasal, in¬ 
tracerebral, intravenous and (with rela¬ 
tively large inocula of most strains) in¬ 
traperitoneal routes. 

Chemotherapy; Susceptible to rela¬ 
tively large doses of penicillin. Not 
susceptible to sulfonamides. 

Source: Found in organs and nasal se¬ 
cretions of finches, pheasants (including 
domestic chickens), domesticated doves, 
fulmar petrels and other birds. Spreads 
from the secretions to plumage and drop¬ 
pings. 

Habitat: The etiological agent of orni¬ 
thosis (Meyer) and meningopneumonitis 
(Francis and Magill). 
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4. Miyagtwanella pneuiiMmiae Rake, 
xpec. nav. Named for the disease, pneu¬ 
monia. 

Coccoid bodies: As for MiyagawaneUa 
lymphogranulomatis but slightly smaller, 
circa 200 millimicrons in diameter. 

Cultivation: As for Miyagawanella 
psittaci. 

Immunological aspects: As for Miya¬ 
gawanella psittaci. Distinct from Miya¬ 
gawanella ornithosis by the neutraliza¬ 
tion test with chicken antisera. 

Pathogenicity: Pathogenic for birds, 
man, cotton rats, hamsters, white rats, 
kangaroo rats, mice and chicken embryos. 
Causes a fatal pneumonitis in man. 

Tissue tropisms: As for Miyagawanella 
ornithosis. 

Chemotherapy: As for Miyagawanella 
ornithosis. 

Source: Occurs in lungs of infected hu¬ 
mans. Possibly originally of avian origin. 

Habitat: The etiological agent of one 
type of viral pneumonia. The type strain 
is the so-called strain S-F (Eaton, Beck 
and Pearson, Journ. Exp. Med., 75, 1941, 
641). 

5. Miyagawanella bronchopneumoniae 

Moshkovsky. (Moshkovsky, Uspekhi 
Souremennoi Biologii, 19, 1945,19; Ehrli¬ 
chia bronchopneumoniae Moshkovsky, 
idem.) Named for the disease, broncho¬ 
pneumonia. 

Coccoid bodies: As for Miyagawanella 
pneumoniae. 

Cultivation: As for Miyagawanella 
lymphogranulomatis. Does not grow in 
the allantoic cavity of the chick. 

Immunological aspects: As for Miya¬ 
gawanella lymphogranulomatis but no 
soluble antigen has been demonstrated. 

Toxic factor: Heavily infected yolk 
sacs and yolk injected intravenously are 
very rapidly fatal to mice. 

Pathogenicity: Pathogenic for mice, 
hamsters and ferrets. Produces a mod¬ 
erately severe pneumonitis. 

Tissue tropisms : Shows a predilection 


for the lungs. In mice, it is also infec¬ 
tive by the intravenous route. 

Chemotherapy: Susceptible to sulfon¬ 
amides and to relatively large doses of 
penicillin. 

Source: Found in lungs of certain 
stocks of the laboratory mouse. 

Habitat: The agent of mouse pneumo¬ 
nitis. Bronchopneumonie virus (Gon- 
nert. Cent. f. Bakt., I Abt., Orig., H7, 
1941, 151). 

6. Miyagawanella fells Rake, spec, 
nov. From Latin felis, cat. 

Coccoid bodies: As for Miyagawanella 
lymphogranulomatis. 

Cultivation: As for Miyagawanella 
psittaci. 

Immunological aspects: As for Miya¬ 
gawanella psittaci but nothing known 
about inapparent infections in the 
natural host, the domestic cat. 

Toxic factor: Infected yolk sac oi 
other membranes and yolk or other fluids, 
injected intravenously into mice or 
chicken embryos or intraperitoneally 
into mice are rapidly fatal. 

Pathogenicity: Pathogenic for cats, 
liamsters, mice and chicken embryos. 
Causes a fatal pneumonitis with acute 
conjunctivitis in cats. 

Tissue tropisms: Prediliction for lungs 
and conjunctivae. In laboratory ro¬ 
dents, this species is infective by the 
intranasal, intraperitoneal, intracerebral 
and intravenous routes. 

Chemotherapy: As for Miyagawanella 
ornithosis. 

Source: Lungs of infected cats. 

Habitet: The etiological agent of one 
form of cat nasal catarrh, influenza or 
distemper (Baker, Science, 96, 1942, 476) 
and feline pneumonitis. 

7. Miyagawanella loulslanae Rake, 
spec. nov. Named for the State of 
Louisiana. 

Coccoid bodies: As for Miyagawanella 
psittaci. 
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Filtcrability: Filters through Bcrko- 
feld N and ^Iandler 6, 7 and 9 filters. 

Cultivation: In the yolk sat; of the 
chicken embryo. 

Immunological aspects: Indistinguish¬ 
able from other miyagavvanollao by com¬ 
plement fixation tests with yolk sac an¬ 
tigens. Partly distinguished from Mi- 
yagawanella paittaci and M. ormlhosis 
by active immunization in mice and 
guinea pigs. 

Pathogenicity: Pathogenic for man, 
guinea pigs, cotton rats, mice and chicken 
embryos. Slightly pathogenic for white 
rats, golden hamsters and deer mice. 
Macacus'rhesus monkeys, rabbits, musk¬ 
rats and nutria are unaffected Causes a 
highly fatal pneumonitis and septicemia 
in man. 

Tissue tropisms- Causes a septicemia. 
In man this species show.s predilection 
for the respiratory tract. In laboratory 
rodents it is infective by the intranasal, 
intraperitoneal, intracerebral, intra¬ 
muscular and subcutaneous routes. 

Chemotherapy: As for Miyagawanella 
ornithosis. 

Source: Sputum ami organs of in¬ 
fected persons. 


Habitat: The tstiological agent of 
Louisiana pneuxoonia (Olsri# and Laraon, 
IT. 8. Pub. Health Repts., 1944,1373), 
so-called Borg strain. 

8. Miyagawanella illinii Rake, spec, 
nov. Named for the State of Illinois. 

Coccoid bodies: As for Miyagawanella 
lympkogranulomatis. 

Filterability: Passes through Berke- 
feld N or W filters. 

Cultivation: In the yolk sac of chicken 
embryo. 

Immunological aspects: Distinguished 
from other miyagawanellae by neutrali¬ 
zation tests in mice with chicken anti¬ 
sera and partly from Miyagawanella psit- 
tacif M. ornithosis and M. pneumonia by 
active immunization in mice. 

Pathogenicity: Pathogenic for man and 
white mice. Causes a highly fatal pneu¬ 
monitis in man. 

Tissue tropisms: Infective in mice by 
the intranasal, intraperitoneal, intra¬ 
cerebral and subcutaneous routes. 

Source : Lungs of infected persons. 

Habitat : The etiological agent called 
the Illinois virus (Zichis and Sliaugh- 
nessy, Science, 102y 1945,301). 


Genus III. Coleslota Rake, gen. nov. 

(HickeUsia Coles, 17lh Kept. Direct Vet. Serv. and An Ind. Un. South Africa, 
1931 175.) Named for Prof. (Toles who first studied these organisms. 
Pleomorphic cells which may be coccoid, triangular, rod-i=haped or m the form of 
rings. Gram-negative. Intracytoplasmic habitat. 

The type species is Colesiola conjunctivae (Coles) Rake. 


1. Coleslota conjunctivae (Coles) 
Rake, comb. nor. {Rickettsia conjuncii- 
vac Chiles, 17th Rept. Direct. Vet. Serv. 
and An. Ind. Un. South Africa, 1931,175, 

Chlamydozoon conjunctivae Moshkovsky, 
Uspekhi Souremennoi Biologii, 19^ 1945, 
19.) From M. L. conjunclira. the con¬ 
junctiva. 

Pleomorphic liodies: Average diameter 
600 to 950 millimicrons. May bo solid 
and coccoid, rod-shaped, or triangular, 
or in form of open rings or horse-shoes. 


No chains. Masses frequent. No cap¬ 
sule. Stains with ordinary aniline dyes 
but less intensely than bacteria. Gram¬ 
negative. Non-motile. 

Cultivation* Has never been culti¬ 
vated. 

Immunological aspects: Unknown. 

Pathogenicity: Pathogenic for sheep, 
cattle and goats. Causes acute con¬ 
junctivitis and keratitis. 

Tissue tropisms: Affects only the con¬ 
junctiva and cornea. 
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liabitat: Found in scrapings of cornea 
or conjunctiva or in discharges from 
affected eyes. Etiological agent of infec¬ 
tious or specific ophthalmia in sheep, 
cattle and goats. 

2. Colesiota conjunctivae-gallii (Coles) 
Rake, comb, now (Rickettsia conjuncti- 
me-galli Coles, Onders. Jour. Vet. Sci. 
and Indust., 14, 1940, 469.) From con¬ 
junctiva and Latin (jalluSy hen. 

Pleomorphic bodies: Similar to Cole¬ 
siota conjnnctivae. Stain purplish-red 
or blue with the Giemsa stain. 

Cultivation: Has never been culti¬ 
vated. 

Immunological aspects: Unknown. 

Pathogenicity: Pathogenic for the do¬ 
mestic fowl. Causes an acute conjunc¬ 
tivitis and keratitis. 


Tissue Iropisms: As for (^olcsiota con¬ 
junct ivav. 

Source: As for Cities iota conjunclivav. 

Habitat: The etiological agent of one 
form of ocular roup in fowls. 

Appendix: The following arc similar to 
or identical with the above: 

Rickettsia conjunciivae-bovis (Coles, 
South Afr. Vet. Med. Assoc., 7, 1936, 1) 
cannot be distinguished from Colesiota 
conjunclivae by any described character¬ 
istics. 

Rickettsia lestoquardi Donatien and 
Gayot. (Bull. Soc. Path. Exot., 55, 1942, 
325.) Found in benign conjunctivitis 
in swine similar to that which occurs in 
ruminants. 
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Appendix to Order Rickettslales : The following are described species of intra- 
cytoplMmic and intranuclear parasites of Protozoa whose relationshi:>t, to similar 
imi-asitcs ot arthropods and vertebrates are not yet clear. All of the nrotozoon in¬ 
tracellular parasites arc of larger size than typical members of Ricketlsiales and some 
have been placed in genera (Cladothrix, Micrococcus') where the typical species do 
not live intracellularly. 

Genus A. Caryococcus Dangeard. 

(Compt. rend. Acad. Sci., Paris, tSi, 1902, 1365.) 

Genus established for a bacterial parasite of the nucleus of Euglena; organisms 
rounded. 

The type species is Caryococcus hypertrophicus Dangeard. 


1. Caryococcus hypertrophicus Dan¬ 
geard. (Compt. rend. Acad. Sci., Paris, 
134i 1002,1365.) Parasitic in the nucleus 
of a flagellate (Euglena deses). 

Occurs in the nucleus as an agglomera¬ 
tion of close-set, rounded corpuscles. 
The nucleus increases considerably in 
volume, the chromatin is reduced to thin 
layers against the membrane, the interior 
of the nucleus is divided into irregular 
compartments by chromatic* trabeculae. 

2. Caryococcus cretus Kirby. (Univ. 
Calif. Publ. Zool., 49^ 1944, 240.) Para¬ 
sitic in the nucleus of a flagellate (Tri- 
chonympha corhxda) from the intestine 
of a termite (Procry ptotermes sp.), 
Madagascar. 

Spherules 1 to 1.5 microns or more in 
diameter, in preparations appearing clear 
with usually a chromatic, sharply de¬ 
fined, crescentic structure peripherally 
or interiorly situated, sometimes with 
two such l3odies or several chromatic 
granules; parasitic in nucleus; parasit¬ 
ized nucleus enlarged only moderately or 
not at all, chromatin altered but not 
greatly diminished in amount. 

3. Caryococcus dilatator Kirby. 
(Univ. Calif. Publ. Zool., 49, 1944, 238.) 
Parasitic in the nucleus of flagellates 
(Trichonyvipha chaitoni and other species 
of Trtchonympha) from the intestine of 

♦ Prepared by Prof. Harold Kirby, Jr., 
fornia, October, 1946. 


termites {Glyptolei mes indipennis), Aus¬ 
tralia, ami other species. 

Spheruh^s 0 5 micron or less in di¬ 
ameter, inlernally differentiated with 
stainablc granule or stamable region pe¬ 
ripherally situated; parasitic in nucleus 
and nucleolus; nuc|eus becomes greatly 
enlarged and the c hromatin mostly or 
entirely disappears. 

4. Caryococcus invadens Kirby. 
(Univ. Calif. Publ. Zool., 49, 1944 , 238.) 
Parasitic in the nucleus of a flagellate 
(Trichonympha peplophora) from the in¬ 
testine of a termite (Neotermes hotva)^ 
Madagascar. 

Spherules 1 to 1.5 microns in diameter, 
sometimes arranged in pairs, often in¬ 
ternally differentiated with stainablc 
central or peripheral granules or stained 
areas; parasitic in the nucleolus or ondo- 
some and nucleus; parasitized nucleolus 
becoming greatly enlarged and crossed by 
trabeculae, eventually consumed; nu¬ 
cleus becoming moderately enlarged, but 
chromatin not disappearing. 

5. Caryococcus nucleophagus Kirby. 
(Univ. Calif. Publ. Zool., 49, 1944, 236.) 
Parasitic in the nucleus of a flagellate 
(Trichonympha corbula) from the intes¬ 
tine of termites (Procryptotermes sp,), 
Madagascar, and three species of Kalo- 
iermes (s. 1.) from Madagascar. 


University of California, Berkeley, Cali- 
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Sphoniit^s with a iliametor of about 0.5 
micron» somctimcB arranged in pairs, 
sometimes with a thicker, crescentic, 
stainable area of the periphery on one 
side; parasitic within the nucleus, ex¬ 


terior or interior to the chromatin mass, 
which may bo diminished in amount, but 
docs not disappear, nor is the parasitized 
nucleus appreciably enlarged. 


Genus B. Drepanospira Petschenko. 

(Arch. f. Protistenk., 1911, 282.) 

Cell incurved in two spiral turns that are not abrupt, one of the ends pointed, the 
other a little rounded, no flagella, movement helicoid by means of all the body, no 
cell division, endospores formed, regular spherical colonics formed by individuals at 
certain stages of development. 

The type species is Drepanospira mulleri Petschenko. 


1. Drepanospira mulleri Petschenko. 
{Mullerina paramecii Petschenko, Cent, 
f. Bakt., I Abt., Grig., 56, 1910, 90; 
Petschenko, Arch. f. Protistenk., 22 , 
1911, 252; see also Kirby, in Calkins and 
Summers, Protozoa in Biological Re¬ 
search, 1941, 1036.) Parasitic in the 
cytoplasm of Paramecium caudatum. 


Developing from a group of curved 
rods in the cytoplasm to a large, ellipsoi¬ 
dal mass almost filling the body. Nu¬ 
clear portion occupying part of the 
cell. 

The author regards this genus as be¬ 
longing in the family Spirillaceae be¬ 
tween Spirosoma and Uicrospira. 


Genus C. Holospora Hajjfkine. 

(Ann. Inst. Past., 4, 1800, 151.) 

Genus established for bacterial parasites of the piliatc, Paramecium aiirelia (=» 
Paramecium caudatum ?). 

The type species is Holospora undxdata IlafTkinc. 


1. Holospora undulata HafTkine. 
(Anil. Inst. Past., Paris, 4, 18fK), 151.) 
In the microiiuclcus of the ciliate Para¬ 
mecium aurclia (= P. caudatum/). 

Gradually tapered at ends; IJ, 2 and 
2} spiral turns; develops from a small, 
fusiform body which grows and divides 
transversely; brings about a great en¬ 
largement of the micronucleus, which 
becomes filled with the spirals (sec 
Drepanospira mulleri Petschenko). 

2. Holosporaelegans HafTkine. (HafT¬ 
kine, Ann. Inst. Past., Paris, 4, 1890, 
154; sec also Kirby, in Calkins and Sum¬ 
mers, Protozoa in Biological Research,* 
New York, 1941, 1035.) In the micro- 
nucleus of the ciliate, Paramecium 
aurclia (■• P. caudatum /) 


Vegetative stage fusiform; elongated, 
elliptical, nucleus-like liody in some; 
divides cquatorially, budding at one end; 
transformation into spore entails en¬ 
largement, clear space separating mem¬ 
brane at sides, spore pointed at ends. 

3. Holospora obtusa HafTkiii. (HafT¬ 
kine, Ann. Inst. Past., Paris, 1890, 
153; also see Fiveiskaja, Arch. f. Pro- 
tistenk., 66 , 192f), 276.) In the macro¬ 
nucleus of the ciliate Parainecium au¬ 
rclia (» P. caudatum /). 

S]x>rcs not spiralled and both ends arc 
rounded. Reproduction by fission, also 
by formation of a bud at one of the ex¬ 
tremities of the fusiform cell. Bodies 
with rounded ends 12 to 30 microns long; 
also snindlc-shaped bodies with pointed 
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ends, 0.5 bj 3 to 6 microns (Fiveiskaja, 
he. dt). 

The following species have been placed 
in genera belonging in the orders ChLamy- 
dohacteriales and Evbacteriales respec> 
tively: 

Cladothrix pclomyxae Veley. (Veley, 
Jour. Linn. Soc., Zool., 29^ 1905, 375; 
see also Leiner, Arch. f. Protistenk., 47, 
1924, 282; Kirby, in Calkins and Sum¬ 
mers, Protozoa in Biological Research, 
New York, 1941, 1025; Hollande, Bull. 
Biol. France Belg., 79, 1945, 49.) In the 
cytoplasm of the rhizopod, Pelomyxa 
palustria and probably also other species 
of Pelomyxa. 

Rods, 1.5 to 22 microns or more in 
length, divided into several to many 
sections by transverse partitions, gen¬ 
erally aggregated in proximity to the 


nuclei, which may be thickly invested by 
close-set bacteria applied t9 the surface. 

Micrococcus batrochonim (ate) Yaki- 
moff. (Aitsh. f. Protistenk., 72, 1930, 
137.) In the cytoplasm of the flagellate, 
Trichomonaa batrachorum from the tree 
toad {Hyla arhorea). Also seen free in 
preparations of the intestinal contents 
of Hyla. 

Round, 1 to 1.5 microns in diameter, 
grouped generally in aggregates of ir¬ 
regular form, but also occur individually. 

Note Further descriptions of bacte¬ 
rial and other parasites of Protozoa with 
bibliography will be found in Calkins 
and Summers, Protozoa in Biological Re¬ 
search, New York, 1941,1009-1113 and in 
Kirby, Univ. of Calif. Pub. in Zoology, 
53, 1946, 193-207. 
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FILTERABLE VIRUSES* 


The so-called filterable viruses, today generally called merely viruses, 
are still of unknown affiliations so far as relationships to established groups 
of microorganisms are concerned. They are treated here as members of 
an order, consisting of 13 families, 32 genera and 248 species. 

Among viruses as we know them, there are three constituent groups 
that have come to be recognized, and to some extent named and classified, 
through the largely separate efforts of bacteriologists, animal pathologists, 
and plant pathologists. Taxonomic overlapping of the three groups, 
viruses affecting bacteria, viruses having onh' animal hosts, and viruses 
invading higher plants, can hardly be justified as yet by available evidence. 
Nevertheless it has been shown that a single virus may multiply both in a 
plant host and in an .insect vector. This seems to dispose of the thought 
that adaptation to a plant or animal environment would necessarily pre¬ 
clude utilization of other sources of the materials needed for multiplication. 

For the present it seems feasible to continue with the custom, tacitly 
accepted in the past, of classifying bacteriophages separately as one 
sub-group, viruses causing diseases in seed plants as a second sub-group, 
and those causing diseases in animals as a third sub-group. It should be 
recognized that this may prove to be only a temporary arrangement, 
necessary because we have no evidence to warrant taxonomic overlapping 
of the three groups and useful while we await critical investigations and 
possible development of a substitute plan capable of displaying natural 
relationships to better advantage. Eventually evidence may become 
available to show that some bacteriophages can infect higher plants or 
animals and can increase in the new environment, or that viruses kno^ 
to attack animals or plants can similarly enlarge their host 
there may be discoveries of common physical properties that would aid 
in formulating an interlocking classification, for which at present we lack 


no» .he U unM le.^ 

by a parallel development of nomenclature. Toward this end the pres- 
ent section of this supplement is d irected. _ 

' S.ppl=«..N.,2h„ 
authorities for binomials. 
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ORDER VIRALE8 Breads Murray and Hitchens. 

(Jour. Baot., Jp, 1944, 421.) 

Viruses. Etiological agents of disease, typically of small size and capable' of 
passing filters that retain bacteria, increasing only in the presence of living cells, 
giving rise to new strains by mutation, not arising de novo, A considerable num¬ 
ber of viruses have not been proved filterable; it is nevertheless customary in¬ 
clude these viruses with those known to be filterable, because of similarities ::x 
other attributes and in the diseases induced. Some not known to be filterable are 
inoculable only by special techniques, as by grafting or by use of insect vectors, 
and suitable methods for testing their filterability have not been developed; more¬ 
over, it is not certain that so simple a criterion as size measured in terms of filter- 
ability will prove to be an adequate indicator of the limits of the natural group. 
Cause diseases of bacteria, plants and animals. 

Key to the suborders of order Virales. 

I. Infecting bacteria. 

Suborder I. Pkagineae, p. 1128. 

II. Infecting higher plants. 

Suborder II. Phytophagineae p. 1145. 

III. Infecting animals (insects, mammals). 

Suborder III. Zoophagineae, p. 1225. 

SxnsoRDER I. Phagineae subordo novus. 

Viruses pathogenic in bacteria; bacteriophages. Containing at present only one 
family, the Phagaceae, 

FAMILY I. PHAGACEAE HOLMES. 

(Handb. Phytopath. Viruses,* 1939,1.) 

Characters those of the suborder. There is a single genus. 

Oenus I, Phagus Holmes, 

(Loc. cit., 1.) 

Characters those of the family. Generic name from Greek phagein^ to eat. 

The type species is Phagus minimus Holmes. 

Note: Bacteriophagum d’Herelle (Compt. rend. Soc. Biol., Paris, SI, 1918, 1161) 
a genus name applied in connection with early studies of bacteriophages, had as its 
type species Bacteriophagum intesiinale d’Herelle, a bacteriophage that is not now 
identifiable or, more probably, a mixture of such unidentifiable bacteriophages, for 
filtrates containing it were said to be capable of killing outright a culture of bacteria 
(i5id., 1160). The genus name Bacteriophagum is, therefore, regarded as a nomen du~ 
hium, if not also a nomen confusum; subsequently it was abandoned by its author, for 
reasons that are not clear, in favor of the genus name Protohios d’Herelle 1924 (Im¬ 
munity in natural infectious disease; page 343 of authorized English edition by Geoige 
H. Smith, Baltimore, Williams A Wilkins Co., 1924, 399 pp). Protobios protobios 

* Holmes, F. 0., Handbook of Phytopathogenic Viruses, Burgess Publishing Com¬ 
pany, Minneapolis, Minn., 1939,221 pp. 
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d'Herelle (ioc. ciL, 346), presumably the type species of this genus, was not an ordinary 
virus but was said to be non-parasitic (i.e., free-living) in nature, was <8pable of re¬ 
ducing sulphur, and is not now identifiable. The genus name Protobioe and the cor¬ 
responding binomial Protohios hacteriophagua d’Herelle are therefore regarded also 
as nomina dvhia and are not used here. Bacteriopkagua Thornberry (Phytopath., 51, 
1941, 23) appears to represent a variant spelling of d*Herelle*s earlier genus name; it 
was not accompanied by any indication of what tecognizable single bacteriophage 
served as type and thus does not modify the standing of Bacteriophagum. 


Key to the species of genua Phagus. 

I. Dysentery-coli bacteriophages. 

A. Producing large plaques, 8 to 12 mm in diameter. 

1. Particle size small, 8 to 12 millimicrons. 

1. Phagus minimus, 

2. Particle size 15 to 20 millimicrons. 

2. Phagus minor, 

13. Producing moderately large plaques, 2 to 6 mm in diameter, with distinct 
halo. 

1. Particle size 20 to 30 millimicrons. 

3. Phagus parvus. 

4. Phagus primarius. 

5. Phagus aecundarius. 

6. Phagus dysenteriae. 

C. Plaques medium size, 1 to 3 mm in diameter, with distinct halo. 

1. Particle size 25 to 40 millimicrons. . 

7. Phagus medius, 

8 . Phagus astrictus, 

D. Plaques small, 0.5 to 1.5 mm in diameter, with soft edge or narrow halo. 

1. Particle size 30 to 45 millimicrons. 

9. Phagus major, 

10. Phagus coli, 

11. Phagus artus. 

E. Plaques very small, 0.1 to 1.2 mm in diameter, with sharp edges. 

1. Particle size 50 to 75 millimicrons. 

12. Phagus maximus. 

b«. 

terium stewarti E. F. Smith. 
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A. Specific for bacterial hosts named above. 

13. Phagtta tumoria, 

14. Phagua aolanacedrum, 

15. Phagua citri, 

16. Phagua pruni. 

17. Phagua deformana, 

18. Phagua eontumax. 

19. Phagua maidta. 

III. Bacteriophages attacking Salmonella enteritidia Castellani and Chalmers. 

20. Phagua enteritidia. 

21. Phagua eommutabilia. 

22. Phagua tertiua. 

23. Phagua duhiua. 

IV. Bacteriophage attacking Salmonella typhoaa. 

24. Phagua indicena. 

V. Bacteriophages attacking Bacillua megatherium DeBary, Bacillua my- 
coidea Flfkgge, and Rhizdbium leguminoaarum Frank. 

A. Thermal inactivation at 75^ C in 10 minutes in vitro. 

1. Host may be freed from bacteriophage by heating at 80® C for 10 
minutes. 


25. Phagua teatabilia. 

2. Host retains virus even when heated at 90® C for 10 minutes. 

26. Phagua indomitua. 

B. Thermal inactivation at 60® C in 30 minutes. 

27. Phagua aubvertena. 

VI. Bacteriophages attacking streptococci. 

28. Phagua ineptua. 

29. Phagua atreptococci. 

30. Phagua maculana. 

31. Phagua lacerana, 

32. Phagua tolerana. 

33. Phagua michiganenaia. 

VII. Bacteriophages attacking staphylococci. 

34. Phagua fragilia. 

35. Phagua intermediua. 

36. Phagua caducua. 

37. Phagua alpha. 

38. Phagua beta. 
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39. PhaCgui durabilis. 

40. Phagua liber, 

VIII. Bacteriophages attacking vibrios. 

41. Phagus cholerae. 

42. Pkagua celer, 

43. Pkagua effrenua. 

44. Pkagua lentua, 

IX. Bacteriophages attacking Corynebacterium dipktkeriae Lehmann and Neu¬ 
mann. 


1. Phagus minimus Holmes. (Handb. 
Phytopath. Viruses, 1939, 141.) From 
Latin minimuay least, in reference to size 

Common name: Bacteriophage S13. 

Hosts: Eackerickia colt Castellani and 
Chalmers; Shigella dysentenae Castellani 
and Chalmers. 

Induced disease: On plate cultures that 
are uniformly covered with confluent 
colonies of host organisms, this bacterio¬ 
phage produces large cleared plaques, 8 
to 12 mm in diameter, with wide shelving 
edges. 

Serological relationships: No cross- 
neutralization reactions with bacterio¬ 
phages C13, C36, D5, D20, C18, D3, S8, 
C21,C16, and D6. 

Immunological relationships: Member 
of Resistance Group I. 

Other properties: Particle size 8 to 12 
millimicrons. Not affected by 26.3 per 
cent urea solution. Little or no inactiva¬ 
tion by 1:25,000 methylene blue in 2 mm 
layer 20 cm from 100 candle-power light 
for 30 minutes. Lysis completely in¬ 
hibited by 0.25 per cent solution of 
sodium citrate. 

Literature: Burnet and McKie, Jour. 
Path, and Bact., 35, 1933, 299-306, SOT- 
SIS; 37, 1933, 179-184; Burnet et al.. 
Austral. Jour. Exp. Biol, and Med. Sci., 
16, 1937, 227-368. 

2. Phagus minor H. (loc. cit, 141). 
From Latin minor, lesser. 


45. Pkagua diphtherias, 

46. Pkagua futilia. 

Common names: Bacteriophage C13, 
C8, and D44. 

Hosts: Escherichia coli Castellani and 
Chalmers; Shigella dysenteriae Castellani 
and Chalmers. 

Induced disease: Large plaques, 8 to 
12 mm in diameter, with wide shelving 
edges. 

Serological relationships: Cross reac¬ 
tions with bacteriophages C8 and D44 
but not with bacteriophages S13, C36, D5, 
D20, D13, C18, D3, S8, C21, C16, D6. 

Immunological relationships: Member 
of Resistance Group I. 

Other properties: Particle size, 15 to 20 
millimicrons. Completely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 
minutes. Specific soluble substance 
formed in lysed cultures blocks phage- 
antiphage reaction. 

Literature: Burnet, Jour. Path, and 
Bact., 35,1933, 307-318; Brit. Jour. Exp. 
Path., 14, 1933,100-108. 

3. Phagus parvus H. (loc. cii,, 142). 
From Latin parvus, small. 

Common names: Bacteriophage C36, 
S18, C38, M, and C37 of Burnet. 

Hosts: Eackerickia coli Castellani and 
ChdXm^TS-, Shigella dysenteriae Castellani 
and Chalmers. 

Induced disease: Moderately large 
plaques, 2 to 6 mm in diameter, with 
distinct halo. 
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Serological relationships: Induces for¬ 
mation of antibody capable of neutraliz¬ 
ing bacteriophages S18, 038, M, and 037, 
but not bacteriophages S13, 013, D5, 
D20, D13, 018, D3, S8, 021, 016, or D6, 
which represent distinct serological 
groups. 

Immunological relationships: Member 
of Resistance Group I. 

Other proi)ertie8: Particle size, 20 to80 
millimicrons. Oompletely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 
minutes. 

Literature: Burnet, Jour. Path, and 
Bact., 36,1933, 307-318. 

4. Phagus primarius H. (loc. cit., 143). 
From Latin primarius^ chief or first. 

Common names: Bacteriophage D5, 
C51, C50, and D48. 

Hosts: Escherichia coli Castellani and 
Chalmers; Shigella dysenieriae Castellani 
and Chalmers. 

Induced disease: Moderately large 
plaques, 2 to 6 mm in diameter, with 
distinct halos. 

Serological relationships: Cross-neu¬ 
tralization reactions with bacterioj)hages 
C51, C50, and D48, but not with S13, C13, 
C36, D20, D13, C18, D3, S8, C21, C16, D6. 

Immunological relationships: Member 
of Resistance Group 1. 

Other properties: Particle size, 20 to 
30millimicrons. Completely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 
minutes. 

Literature: Burnet, Jour. Path, and 
Bact., 36, 1933, 307-318. 

5. Phagus secundarius H. {loc, cit., 
143). From Latin secundarius^ inferior 
or second. 

Common names: Bacteriophage D20 
and G. 

Hosts: Escherichia coli Castellani and 
CYiaAmen; Shigella dysenieriae Castellani 
and Chalmers. 

Induced disease : Moderately large 


plaques, 2 to 6 mm in diameter, with dis¬ 
tinct halo. 

Serological relationships: No cross¬ 
neutralization reactions with bacterio¬ 
phages S13, C13, C36, D5, D13, C18, D3, 
S8, C21, C16, or D6. 

Immunological relationships: Member 
of Resistance Group II. 

Other properties: Nearly all inacti- 
vtited by 1 .‘25,000 methylene blue in 2 mm 
layer 20 cm from 100 candle-power light 
for 30 minutes. Particle size, 20 to 30 
millimicrons. 

Literature: Burnet, Jour. Path, and 
Bact., 36, 1933, 307-318. 

6. Phagus dysenteriae H. {loc. cit.y 

144). From Ijatin dysentery. 

('ominon names: Bacteriophage D13, 
specific dysentery phage. 

Host: Shigella dysenieriae Castellani 
and Chalmers. 

Insusceptible species : Escherichia coli 
Castellani and Chalmers. 

Induced disease: Moderately large 
plaques, 2 to 6 mm in diameter, with 
distinct halo. 

Serological relationships: Antiserum 
to this strain is not known to be effective 
again.st any other strain of bacteriophage; 
in particular, no cross reactions with bac¬ 
teriophages S13, C13, C36, D5, D20, C18, 
D3, S8, C21,C16,or D6. 

Immunological relationships: Member 
of Specific Dysentery Resistance Group. 

Other properties: Particle size, 20 to 
30 millimicrons. Completely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-f)Ower light for 30 
minutes. 

Literature: Burnet, Jour. Path, and 
Bact., 36,1933, 307-318. 

7. Phagus medius H. (loc, cii., 144). 
From Latin medius^ moderate, in refer¬ 
ence to particle size. 

Common name: Bacteriophage C18, 
C35, C26, C47, or C34. 

Hosts: Escherichia coli Castellani and 
Chalmers; Shigella dysenieriae Castellani 
and Chalmers. 
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Induced disease: Medium size plaques, 
1 to 3 mm in diameter, with distinct halo! 

Serological relationships: Cross reac¬ 
tions with bacteriophages C36, C26, C47 
and C34, but not with S13, C13, C36, Ds] 
D20, D13, D3, S8, C21, C16, or DG.* 

Immunological relationships: Member 
of Resistance Group II. 

Other properties: Particle size, 25 to 
40 millimicrons. 

Literature: Burnet, Jour. Path, and 
Bact., S6, 1933,307-318. 

8. Phagus astrlctus H. (Zoc. cit., 145). 
From Latin aatrictua^ limited, in refer¬ 
ence to inability to lyse Escherichia coli 
Castellani and Chalmers. 

Common names: Bacteriophage D3; 
“smooth** dysentery phage. 

Host: Shigella dyaenteriae Castellani 
and Chalmers. 

Insusceptible species: Escherichia coli 
Castellani and Chalmers. 

Induced disease: Medium size plaques, 
1 to 3 mm in diameter, with distinct halo. 

Serological relationships: No cross¬ 
neutralization reactions with bacterio¬ 
phages S13, C13, C36, D5, D20, D13, C18, 
S8, C21,C16, orD6. 

Immunological relationships: Member 
of Smooth Dysentery Resistance Group, 

Other properties: Particle size, 25 to 40 
millimicrons. Nearly all inactivated by 
1:25,000 methylene blue in 2 mm layer 20 
cm from 100 candle-power light for 30 
minutes. 

Literature: Burnet, Jour. Path, and 
Bact., S6, 1933,307-318. 

9. Phagus major H. {loc. cit., 146). 
From Latin major, greater, in reference 
to particle size. 

Common name: Bacteriophage S8, L, 
S28, C33, or S41. 

Hosts: Escherichia coli Castellani and 
Chalmers; Shigella dysenteriae Castellani 
and Chalmers. 

Induced disease: Small plaques, 0.5 to 
1.6 mm in diameter, with soft edge or 
narrow halo. 


Serological relationships: No cross¬ 
neutralization reactions with bacterio¬ 
phages S13, C13, C36, D6, D20, D13, C18, 
D3, C21,C16,orD6. 

Immunological relationships: Member 
of Resistance Group I. 

Other properties: Particle size, 30 to 
45 millimicrons. 

Literature: Burnet, Jour. Path, and 
Bact., S6, 1933, 307-318; Brit. Jour. Exp. 
Path., 14 , 1933, 100-108; Gough and 
Burnet, ibid., S8, 1934,301-311. 

10. Phagus coll H. (loc. cit., 146). 
From Latin colon, the colon. 

Common names: Bacteriophage C21 or 
C6; specific coli phage. 

Host: Escherichia coli Castellani and 
Chalmers. 

Insusceptible species: Shigella dysen- 
ieriae Castellani and Chalmers. 

Induced disease: Small plaques, 0.5 
to 1.5 mm in diameter, with soft edge or 
very narrow halo. 

Serological relationships: No cross¬ 
neutralization with bacteriophages S13, 
C13, C36, D5, D20, D13, C18, D3, S8, 
C16, or D6. 

Immunological relationships: Member 
of Specific Escherichia coli Resistance 
Group. 

Other properties: Particle size, 30 to 45 
millimicrons. Completely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 
minutes. 

Literature: Burnet, Jour. Path, and 
Bact., 56, 1933,307-318. 

11. Phagus artus H. (loc. cit., 148). 
From Latin artus, narrow, in reference to 
limited host range. 

Common names: Bacteriophage D6, 
D33; smooth dysentery phage. 

Host: Shigella dysenteriae Castellani 
and Chalmers, smooth strains. 

Induced disease: Small plaques, 0.5 to 
1.5 mm in diameter, with soft edge or 
very narrow halo. 

Serological relationships: Not neu- 
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tralizcd by sera specific for bacterio¬ 
phages S13, C13, C36, D5, D20, D13, C18, 
D3, S8, C21,or C16. 

Iinnuinological relationships: Member 
of Smooth Dysentery Resistance Group. 

Other properties: Particle size, 30 to 
45 millimicrons. 

Literature: Burnet, Jour. Path, and 
Bact., S6, 1933, 307-318. 

12. Phagus mazimus H. {loc. cit., 147). 
From liatiii maxiwias, greatest, in refer¬ 
ence to particle size. 

Common names: Bacteriophage C16, 
C4, C15, C20, C32, C46, D4, D12, D29, 
D53, H, J, K, and W. L. L. 

Hosts: Escherichia coli Castellani and 
Chalmers; 5/ii<7cWa dyscnieriac (^astellani 
and Chalmers. 

Induced disease: Small plaques, 0.1 to 
1.2 mm in diameter, with sharp edges. 

Serological relationships: No cross¬ 
neutralization reaction with bacterio¬ 
phages S13, CI 3 ; C36, Do, D20, D13, C18, 
D3, S8, C21, D6, or staphylococcus bac¬ 
teriophage Au2. Agglutinated and inac¬ 
tivated by homologous, though not by 
other, antisera. For agglutination an 
original titer of 2 X 10* or higher is re¬ 
quired; the reaction is visible to the 
unaided eye after 24 hours at 50® C and 
succeeds even after inactivation heat 
(70 to 85® C for 30 minutes), formalde¬ 
hyde, or a photodynamic dye (pro¬ 
flavine). 

Immunological relationships: Member 
of Resistance Group II. 

Thermal inactivation: At or below 70® 
to 85® C for 30 minutes. 

Other properties: Particle size esti¬ 
mated by filtration as 50 to 75 millimi¬ 
crons, by centrifuging as 79 to 90 milli¬ 
microns, from photographs as 50 to 60 
millimicrons. Rapidly inactivated by 
26.3 per cent urea solution. Little or no 
inactivation ty 1:25,000 methylene blue 
in 2 mm layer 20 cm from 100 candle- 
power light for 30 minutes. Lysis not 
inhibited by 1.5 per cent or weaker solu¬ 
tions of sodium citrate. Thermolabile 


specific soluble substance formed in lysed 
cultures blocks phage-anti phage reaction. 

Literature: Burnet, Brit. Jour. E.\p. 
Path., fj, 1933, 93-100, lOO-lOS, 302-308; 
Jour. Path, and Bact., S6, 1933, 307-318; 
57,1933,179-184; Burnet and Lush, ibid,, 
40 , 1935, 455-469; Burnet and McKie, 
ibid., S6, 1933, 299-306. 

13. Phagus tumoris H. (loc. cil., 150). 
From Ditin tumor, a swelling, in refer¬ 
ence to association of this bacteriophage 
with bacterial tumors. 

Common name: Agrobacierium time- 
faciens bacteriophage. 

Host: Agrobactenum lumefaciens Conn, 
most strains. 

Insusceptible species: Some strains of 
Agrobactenum tumvfaciens, Bacterium 
siewarli K. F. Smith, Erwinia atroseptica 
Bergey et al., E. carotovora Holland, 
Pseudomonas tabaci Stapp, Xanthomonas 
heticola Burkholder, V. campestria Dow- 
son, X. citri Dowson, A', phaseoli Dowson 
A', pruni Dowson and A', veaicatoria 
Dows(>n. 

Geographical distribution: United 
States, Russia. 

Induced disease: Plaques 2 to 6 mm in 
diameter in 4 to 6 hours, edges of plaques 
spotted, moth-eaten in appearance until 
40 hours after seeding; enlargement then 
stops and the edges of the plaques become 
smooth, double-ringed. Infection of 
plants by Agrobacterium lumefaciens is 
progressively inhibited by increasing 
amounts of bacteriophage in inoculum. 

Thermal inactivation: At 95® C in 10 
minutes (another report says 70® C, time 
not recorded). 

Other properties: Resists dilution to 
1:10'^; storage at 5® C for over 25 months; 
prompt, though not gradual, drying; 1 
per cent hydrogen peroxide for 72 hours; 
95 per cent ethyl alcohol for 1 hour; 70 
per cent ethyl alcohol for 6 hours; 2J per 
cent phenol for 1 hour; 1:3000 nitric acid 
for 1 hour; N/64 sodium hydroxide for 1 
hour. 

Literature: Israilsky, Cent. f. Bakt., 
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II Abt., 67, 1926, 236-242 ; 71, 1927 , 302- 
311; 79, 1020, 354—370; Kent, Phytopath., 
27, 1037, 871-902; Munoic and Patel, 
Phytopath., 20, 1930, 289-305. 

14. Phagus solanacearum H. {loc. ciL, 
148). From name of host. 

Common name : Pseudomonasi solanace¬ 
arum bacteriophage. 

Host: Pseudomonas solanacearum 

Smith. 

Geographical distribution: Formo.sa 
(Taiwan). 

Induced disease : M(3diuiu size plaques 
on plate cultures of Pseudomonas sola- 
naccarum. 

Serological relationships: When in¬ 
jected into rabbits, this bacteriophage 
stimulates the production of a specific 
precipitating antibody not giving cross 
reactions with anti-barforifd antibodies. 
Antiphagic serum inactivated at 90° C 
in 10 minutes. 

Thermal inactivation: Al 6.3° C in 10 
minutes (61° C in 30 minutes; 66° in 
about 1 minute). 

Other proiKJrtics: Optimum tciniicra- 
lure for increase, 34° C 

Literature: Matsumoto and Okabc, 
.four. Plant Prot., 22, 1935, 15-20; Jour. 
Soc. Trop. Agr., 7, 1935, 1.30-139; .9, 1937, 
205-213. 

15. Phagus citri H. (foe. cit., 149). 
From name of host. 

Common name: Xanthomonas ciiri 
bacteriophage. 

Host: Xanthomonas ciiri Dowson, the 
citrus canker organism. 

Geographical distribution: Formosa 
(Taiwan). 

Induced disease: Lysis. This bac 
teriophage has been isolated from soil 
under diseased trees, and once from 
infected leaves. It may play a role in 
the destruction of the citrus canker 
organism in the soil. 

Other properties: Optimum tempera¬ 
ture for increase, 30° C. 

Literature: Matsumoto and Okabe, 


Agriculture and Horticulture, 12, 1037, 
2055-2059. 

16. Phagus pruni H. (toe. ciL, 151). 
From name of host. 

Common name: Xanthomonas pruni 
bacteriophage. 

Host : Xanthomonas pruni Dowson. 

Geographical distribution: United 
States (from soil beneath infected peach 
trees). 

Induced disease: Lysis in broth cul¬ 
tures ; plaques on agar cultures, but 
charactcn.stics of plaques not described. 

Other properties: Estimated diameter 
11 millimicrons in broth. Resists dilu¬ 
tion to 1:10^‘ or more. 

Literature Anderson, Phytopath., 18, 
1928, 144; Thornberry, ibid., 25, 1935, 
938-946. 

17. Phagus deformans H. (toe. cit,, 
151). From Latin deformare, to disfigure, 
in reference to malformation of infected 
host cells. 

Common name: Erwinia carotovora 
bacteriophage. 

Host : Erwinia carotovora Holland. 

Insusceptible species: Agrobacterium 
tumefacicns Conn, except in some early 
tests with ix)ssibly mixed bacteriophages; 
Erwinia arnylovora Winslow et al., E. 
melonis Holland, Salmonella pullorum 
Bergery ct al., S. gallinariim Bergey et 
al., Shigella dysenteriae Castellani and 
Chalmers, Xanthomonas pruni Dowson. 

Geographical distribution: United 
States (Michigan). 

Induced disease: In Erwinia caroto¬ 
vora, cells reduced in motility, agglu¬ 
tinated, malformed, some elongated, 
others swollen, bulged at one end, bulged 
in middle, or enlarged and spherical. 

Other properties: Resists dilution 
to 1:10®, and storage in sterile medium 
at room temperature for 5i months. 

Literature: Coons and Kotila, Phyto¬ 
path., 15, 1925, 357-370; Mallmann and 
Hemstreet, Jour. Agr. Res., 28, 1924, 
599-602. 
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18. Phagus contumax «pec. nov. From 
liatin contumaxt refractory, in reference 
to ability of this bacteriophage to with¬ 
stand heating sufficient to destroy accom¬ 
panying host cells. 

Common name: Erwinia aroideae bac¬ 
teriophage. 

Host: Erwinia aroideae Holland. 

Insusceptible species: Agrobacterium 
tumefocicns Conn, Bacterium formosanum 
Okabe, Erwinia carotovora Holland, 
Pseudomonas andropogoni Stapp, P. 
solanaccarum Smith, P. tomato Burk¬ 
holder, Xanthomonas campestris Dowson, 
A", citri Dowson, X. malvacearum Dow'- 
son, A”, nakatae Dowson, A'^. phaseoli 
Dowson, A”, ricinicola Dowson. 

Geographical distribution: Formosa 
(Taiwan). 

Induced disease: Very small plaques, 
0.1 to 1.0 mm (mostly less than 0.5 mm) 
in diameter. 

Thermal inactivation: Resists heating 
at 60° C for 30 minutes without appreci¬ 
able loss of titer, but host organism is 
killed by this treatment. 

Other properties: Optimum tempera¬ 
ture for increase, about 25° C. This bac¬ 
teriophage may be prepared by heating 
centrifuged cultures at 60° C for 30 min¬ 
utes as efficiently as by filtration to re¬ 
move bacteria. 

Literature: Alatsumoto, Trans. Nat, 
Hist. Soc. Formosa, 1939, 317-338; 
SO, 1940, 89-98; SI, 1941, 145-154; Mat- 
sumoto and Sawada, ibid., 28, 1938, 
247-256. 

19. Phagus maidis H. (loc. cii., 152). 
From New I-atin mats, corn (maize), 
ho.st of Bacterium stewarti. 

Common name: Bacterium stexoarli 
bacteriophage; Phytomonas stewarti bac¬ 
teriophage; Aplanobacter stewarti bac¬ 
teriophage. 

Host: Bacterium stewarti E. F. Smith 
(* Pseudomonas stewarti E. F. Smith, 
Phytomonas stewarti Bergey ct al. and 
Aplanobacter stewarti McCulloch). 

Geographical distribution: United 
States. 


Induced disease: In Bacterium ste- 
warti, variation or loss of yellow color, 
change of viscosity of growth, reduction 
or loss of virulence. Infection of corn 
plants by seed-lx)rnc Bacterium stewarti 
is much reduced by treating seeds with 
this bacteriophage before they are 
planted. 

Thermal inactivation: Above 65° C in 
30 minutes. 

Other properties: Infective in dilu¬ 
tions to 10“^. Soon lost from cultures 
maintained at pH 3.85 to 4.00, or on 
Ivanoff’s medium, which contains o.xidiz- 
ing compounds. 

Literature: Thomas, Phylopath., 25, 
1935, 371-372; Science, 88, 1938, 56-57; 
Phytopath., 30, 1940, 602-611. 

20. Phagus enteritidis H. [loc cit., 
153). From name of liost. 

Common names: Salmonella enteritidis 
bacteriophage 1, 12, or 33; Group A bac¬ 
teriophages. 

Hosts: Salmonella vnlcritidis Ctistellani 
and Chalmers, S gall mar um Bergey ct 
al., Shigella dgsentenae Castcllani and 
Chalmers. 

Induced disease: Plaques of medium 
size, usually with surrounding translu¬ 
cent halo. 

Immunological relationships: Member 
of Resistance Group A; host individuals 
that have ac(j[uired resistance to this 
bacteriophage arc resistant to lines 12 
and 33, but susceptible to Salmonella 
enteritidis bacteriophages 8, 20, and 11, 
as well as to other strains of Resistance 
Groups B, C, and D. 

Literature: Burnet, Jour. Path, and 
Bact., 32, 1929, 1.5-42. 

21 . Phagus commutabilis H. {loc. cit., 
153). From Latin commutabilis, vari¬ 
able, in reference to differences within 
Resistance Group B, typified by this bac¬ 
teriophage. 

Common names: Salmonella enteritidis 
bacteriophage 8, 18, 28, 31, 34, 38; Group 
B bacteriophages. 

Hosts: Salmonella enteritidis Castellani 
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aud Chalmers, Shigella dysenteriae Cas- 
iellani and Chalmers, Shigella galltnarutn 
Weldin, Salmonella iyphosa White. 

Induced disease: Small plaques with 
sharp edges, or moderately large plaques 
with characteristic halo. 

Immunological relat ionship.s: M(‘ml>er 
of Ilesistance Group B; host individuals 
that have acquired resistance to this bac¬ 
teriophage arc resistant to lines 18, 28, 
31, 34, and 38, but susceptible to Sal¬ 
monella enteritidis bacteriophages 1, 20, 
and 11, as well as to other strains of lie- 
sistance Groups A, C, and D. 

Literature; Burnet, Jour. Path, and 
Bact., S2, 1929, 15-42. 

22. Phagus tertlus H. {loc cit., 154). 
From Latin iertiuSj third, in reference to 
the third Resistance Group of Salmonella 
enteritidis bacteriophages. Group C, typi¬ 
fied by this bacteriophage. 

Common names: Salmonella enter Uni is 
bacteriophage 20, 25, 32, 35; Group (’ 
bacteriophages. 

Hosts: Salmonella enteritidis Castellani 
and Chalmers, S. gallinarum Bergey et 
al., Shigella dysenteiiae Castellani and 
Chalmers. 

Induced disease: Plaques of small size, 
with sharp edges. 

Immunological relationships: Member 
of Resistance Group C. Host individuals 
that have acquired resistance to this bac¬ 
teriophage are resistant to lines 25, 35, 
and 32, but susceptible to Salmonella 
enteritidis bacteriophages of Resistance 
Groups A, B, and D. 

Literature: Burnet, Jour. Path, and 
Bact., Se, 1929,15-42. 

23. Phagus dubius H. {loc cit.y 155). 
From I^tin dubius^ doubtful, in reference 
to uncertainty of distinction l^etw'een 
Resistance Groups C and D. 

Common names: Salmonella enteritidis 
bacteriophage 11, 13; Group D bacterio¬ 
phages. 

Hosts: Salmonella enteritidis Castellani 
and Chalmers, Shigella dysenteriae Cas¬ 


tellani and Chalmers, Shigella gallinarum 
Weldin. 

Induced disease: Very large plaques, 
up to 8 mm in diameter on 1.2 per cent 
agar. 

Immunological relationships: Member 
of Resistance Group D. Host individ¬ 
uals that have acquired resistance to this 
bacteriophage are resistant to line 13, but 
susceptible to Salmonella enteritidis bac¬ 
teriophages of Resistance Groups A, B, 
and C. 

Literature: Burnet, Jour. Path, and 
Bact., S2, 1929, 15-42. 

24. Phagus indicens spec. nov. From 
Latin indicere. to disclose or indicate, in 
reference to diagnostic use of this bac¬ 
teriophage in identifying V forms of the 
typhoid bacillus 

Common name : Phage Q151. 

Host: Salmonella typhosa White (=* 
Bacillus typhosus Zopf). 

Insusceptible species: W forms of the 
typhoid organism and various Salmonella 
species. 

Geographical distribution: Canada. 

Induced disease: In Salmonella typhosa, 
small plaque formation (lysis) and com¬ 
plete inhibition of growth in cultures of 
the V form (bearing Vi antigen; resisting 
O agglutination) and no lysis or restrain¬ 
ing effect on grow th of the W form (lack¬ 
ing Vi antigen; agglutinated by O anti¬ 
serum). In the presence of the virus, 
mixed cultures are quickly transformed 
since only W variants can increase. Pure 
V cultures can be identified by the test 
for their complete inhibition; this in¬ 
hibition is regularly followed by second¬ 
ary grow'th representing the pure W form 
of the host, a readily formed variant. 

Filtcrability : Passes Seitz EK filter. 

Other properties: Filtrates active in 
dilutions to 10”* or 10”^^ 

Literature: Craigie, Jour. Bact., SI, 
1936, 56 (Abst.); Craigie and Brandon, 
Jour. Path, and Bact., iS, 1936, 233-248, 
249-260. 
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25. Phagus testabilisH. 

From Latin testabilisy able to bear wit¬ 
ness, in reference to evidence that this 
bacteriophage has it,iven, by virtue of its 
easy destruction when heated in spores, 
against the hypothesis of frequent spon¬ 
taneous origin of bacteriophage from the 
bacterial host. 

Common name: Bacillus megatherium 
bacteriophage. 

Host: Bacillus megatherium De Bary. 

Geographical distribution: United 
States. 

Induced disease : Plaques 0.5 minor less 
in diameter, with surrounding translu¬ 
cent zone. 

Thermal inactivation: hi vitrOy at 75° 
C in 10 minutes. SfX)res from infected 
cultures, after being heated for 10 min¬ 
utes at 80° C, regularly give rise to sub¬ 
cultures that do not show the presence of 
this bacteriophage siX)ntaneously during 
subsequent growth but that arc sus¬ 
ceptible to lysis if the bacteriophage is 
again introduced. 

Literature: Adant, Coinpt. rend. »Soc. 
Biol., Paris, 99y 1928, 1246; Cowles, Jour. 
Bact., iSOy 1930, 15-23. 

26. Phagus indomitus H. (loc. cit.y 
156). From I^atin indomitus y unre¬ 
strained, in reference to the ability of this 
bacteriophage to increase after heat treat¬ 
ment of infected spores. 

Common name: Bacillus viycoides bac¬ 
teriophage. 

Host: Bacillus mycoides Flugge, some 
strains. 

Insusceptible species: Bacillus cereus 
Frankland and Frankland, B. subtilis 
Cohn emend. Prazrnowski, B. mega¬ 
therium De Bary, B. anlhracis Cohn 
emend. Koch. Some strains of B. my¬ 
coides. 

Geographical distribution. United 
States. 

Induced disease: Large plaques, with 
some secondary growth of host organism. 

Thermal inactivation: In vitroy at 75° C 
in 10 minutes. Six>re8 from infected cul¬ 
tures, heated at 90° C for 10 minutes give 


no bacteriophage on grinding, but lytic 
cultures when grown. 

Literature: Lewis and Worley, Jour. 
Bact., S2y 1036, 105-198. 

27. Phagus subvertens H. {loc. cit.y 
156). From Latin subverterCy to subvert, 
in reference to suspected action of this 
bacteriophage in causing running-out of 
alfalfa fields through destruction of 
nodule organisms. 

('omiiion name: Uhizobium legumino- 
.^arum bacteriophage. 

Host: Uhizobium leguminosarum 

Frank. It has been shown that this 
bacteriophage is unable to increase in 
clover roots without the nodule-forming 
organism, B. leguminosarumy and that 
the bacteriophage plays no obviously 
essential role in nodule formation. 

Induced disease: Very small plaques, 
with edges not shaiply defined. 

Tliermal inactivation: At 60° C in 30 
minutes. 

Other properties: Not inactivated by 
drying for 2 months. 

Literature: (Jerretsen et al.. Cent. f. 
Bakt., II Abt., OOy 1923, 311-316; Grijns, 
ibid.y 71 y 1927, 248-251, llitchner, Jour. 
Bact., 19y 1930, 191-201; Vandecaveye 
and Katziielson, Jour. Bact., Sly 1936, 
465-477. 

28. Phagus ineptus H. {loc. cit.y 157). 
From Latin me plus, unsuitable, in refer¬ 
ence to inability of this bacteriophage to 
adapt itself to lysis of strain RW of its 
host. 

Common name : St reptococcus bacterio¬ 
phage II. 

Host: Streptococcus cremoris Orla-Jen- 
sen, strain R. 

Insusceptible species: Streptococcus 
cremoris, strain RW. 

Geographical distribution: New Zea¬ 
land. 

Induced disease: Plaques 0.25 to 0.6 
mm in diameter. 

Serological relationships: Antisera spe¬ 
cific for streptococcus bacteriophage RW 
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And its strain. RWl are ineffective in neu¬ 
tralizing this bacteriophage. 

Immunological relationships: Cultures 
of host-strain R, after exposure to this 
bacteriophage, furnish subcultures only 
partly resistant to this bacteriophage and 
completely susceptible to streptococcus 
bacteriophage RWand its substrain RWl. 

Literature: Whitehead and Hunter, 
Jour. Path, and Bact., U, 1937, 337-347. 

29. Phagus streptococci H. {loc, cit., 
158). From generic name of host. 

Common name: Streptococcus bacterio¬ 
phage RW. 

Host: Streptococcus cremoris Orla-Jen- 
sen, strain RW. 

Geographical distribution: New Zea¬ 
land. 

Induced disease: Plaques 0.25 to 0.6 
mm in diameter. 

Thermal inactivation: At 70° to 75° C, 
time not recorded, probably 30 minutes 
(pH 6.0). 

Literature: Whitehead and Hunter, 
Jour. Path, and Bact., 11^37, 337-347. 

Strains: One variant has been described 
and distinguished from the type variety, 
typicus H. {JLoc. cit.^ 158): 

29a. Phagus streptococci var. virilis H. 
Hoc. cit.f 158). From I^tin vinlis, vig¬ 
orous. CJommon name: Strain RWl of 
streptococcus bacteriophage RW. Dif¬ 
fering from the type variety in being able 
to increase at the e.xpense of strain RWl 
of Streptococcus cremoris (Whitehead and 
Hunter, Jour. Path, and Bact., Uy 1937, 
337-347). 

30. Phagus maculans spec. nov. From 
Latin macularey to speckle, in reference 
to tiny plaques produced by this bac¬ 
teriophage. 

Common name: Streptococcus bac¬ 
teriophage A. 

Hosts: Streptococcus 646, 751,775. 

Geographical distribution: United 
States (Massachusetts). 

Induced disease: Plaques exceedingly 


minute, scarcely visible to the unaided 
eye. 

Serological relationships: Specific anti¬ 
sera neutralize but there is no cross reac¬ 
tion with respect to streptococcus bac¬ 
teriophage B, C, or D. 

Thermal inactivation: At 60° C in 1 
hour. 

Other properties: Withstands storage 
at about 5° C for at least 145 days with 
but little loss of virulence. 

Literature: Evans, Science, 80, 1934, 
40-41; U.S.P.H.S., Public Health Re- 
ports, 1934, 1386-1401. 

31. Phagus lacerans spec. nov. From 
Latin lacerare, to tear, in reference to 
ragged edges of plaques produced by this 
bacteriophage. 

Common name: Streptococcus bac¬ 
teriophage B. 

Hosts: Streptococcus 563,639: Strepto¬ 
coccus mucosus Howard and Perkins. 

Insusceptible species: Streptococcus 
erysipelatos Rosenbach. 

Geographical distribution: United 
States (Wisconsin). 

Induced disease: Medium size plaques, 
the largest about 3 mm in diameter, edges 
ragged, centers clean! 

Serological relationships: Specific neu¬ 
tralization, but no cross reactions with 
streptococcus bacteriophages A, C, 
andD. 

Thermal inactivation: At 60° C in 1 
hour. 

Other properties: Withstands storage 
at about 5° C for at least 261 days. 

Literature: Clark and Clark, Jour. 
Bact., 11, 1926, 89; Proc. Soc. Exp. Biol, 
and Med., 1927, 635-639; Colvin, 
Jour. Inf. Dis., 61, 1932, 17-29; Evans, 
U.S.P.H.S., Public Health Reports, 49, 
1934, 1386-1401; Jour. Bact., S9, 1940, 
597-604; Shwartzman, Jour. Exp. Med., 
46, 1927, 497-509. 

32. Phagus tolerans spec. nov. From 
Latin tolerans, tolerating, in reference to 
the unusual ability of this streptococcus. 
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bacteriophage to. remain viable under 
certain adverse conditions. 

Common name: Streptococcus bacterio¬ 
phage C. 

Hosts: Streptococcus 646, 594, 756, 806. 

Geographical distribution: United 
States (Ohio, Massachusetts, Connecti¬ 
cut). 

Induced disease: Small plaques, the 
largest about 1.0 mm in diameter. 

Serological relationships: Specific neu¬ 
tralization, but no cross reactions with 
streptococcus bacteriophages A, B, 
and D. 

Thermal inactivation: At 63° to 65° C 
in 1 hour. 

Other properties: Withstands storage 
in 1:200 phenol at about 5° C for at least 
261 days; equally resistant to storage in 
1 :10,000 sodium ethyl mercurithiosalicy- 
late (merthiolate), or to storage without 
preservatives. 

Literature: Evans, U. S. Pub. Health 
Ser., Public Health Reports, 1934, 
1386-1401. 

33. Phagus michiganensis spec, nov. 
From name of state, Michigan, where this 
bacteriophage was first isolated. 

Common name : Streptococcus bacterio¬ 
phage D. 

Host: Streptococcus 693. 

Geographical distribution: United 
States (Michigan). 

Induced disease: Small plaques, about 
0.75 mm in diameter, edges clear-cut, 
centers clean. 

Serological relationships: Specific neu¬ 
tralization, but no cross neutralization 
with streptococcus bacteriophages A, B, 
andC. 

Thermal inactivation: At 60° to 63° C 
in 1 hour. 

Other properties: Withstands storage 
at about 5°C for at least 261 days. 

Literature: Evans, U. S. Pub. Health 
Ser., Public Health Reports, 4^, 1934, 
1386-1401. 

34. Phagus fragllis, H. {loc, cit., 159). 
From Latin/raflfih's, fragile, in reference 


to easy destruction of this bacteriophage 
by light and by concentrated urea solu¬ 
tions. 

Common names: Staphylococcus bac¬ 
teriophage Au2, Au3, Au4. or D, perhaps 
bacteriophage H of Gratia. 

Hosts: Staphtj'lococcus aureus Rosen- 
bach and Staphylococcus albus Rosenbach. 

Geographical distribution: United 
States. 

Induced disciise: Small plaques, 0.2 to 
1.0 mm in diameter, with sharp edges. 

Serological relationships: Cross-neu¬ 
tralization reactions with staphylococcus 
bacteriophages Aul, Au3, Au4, and D, 
but not with staphylococcus bacterio¬ 
phages Au21, Aul2, A, B, C, or bacterio¬ 
phage C16. 

Thermal inactivation: At about 57° C 
in 30 minutes. 

Other properties: Particle diameter 50 
to 75 millimicrons. Readily inactivated 
photodynamirally. Completely inacti¬ 
vated by 27 per cent urea solution in 1 
hour at 37° C. Lysis not inhibited even 
by 1.5 per cent sodium citrate in agar 
medium. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 1935, 155-469; Burnet 

and McKie, Austral. Jour. Kxp. Biol, and 
Med. Sci., tf, 1929, 21-31; Fisk, Jour. Inf. 
Dis., 71, 1042, 153-160. 

35. Phagus intermedius H. {loc. cit., 
160). From Latin intermedius^ inter¬ 
mediate, in reference to fX)sition of this 
bacteriophage between staphylococcus 
bacteriophages that multiply readily in 
broth cultures of host organisms and 
those that do not. 

Common name: Staphylococcus bac¬ 
teriophage Au21. 

Host: Staphylococcus aureus Rosen¬ 
bach. 

Geographical distribution: Australia. 

Induced disease: Small plaques, 0.1 to 
0.3 mm in diameter, with sharp edges. 

Serological relationships: Specific neu¬ 
tralization reaction but no cross-neutrali¬ 
zation reaction with staphylococcus bac¬ 
teriophages Au2 or Aul2. 
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Other properties: Not readily inacti¬ 
vated photodynamically; completely in¬ 
activated by 27 per cent urea solution in 
1 hour at 37® C; lysis inhibited by 1 per 
cent sodium citrate in agar medium but 
hot by 0.5 per cent or lower concentra- 


Immunological relationships: Colonies 
of Staphylococcus albus appearing after 
lysis with this bacteriophage are resistant 
to staphylococcus bacteriophages B, C, 
and D. 

Thermal inactivation: At 68® to 70® C 


tions. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40| 1935,455-469. 


36. Phagus caducus H. (Joe. cit.j 160). 
From Latin caducus^ perishable, in refer¬ 
ence to the easy destruction of this bac¬ 
teriophage by concentrated urea solu¬ 
tions. 

Common name: Staphylococcus bac¬ 
teriophage Aul2. 

Host: Staphylococcus aureus Rosen- 
bach. 

Geographical distribution Australia. 
Induced disease: Small plaques,'0 2 to 
0.5 mm in diameter, with sharp edges 
Serological relationships: ('ro^^s-neu- 
tralization reactions with staphylococcus 
bacteriophages Aull and Au'3, but not 
with staphylococcus bacteriophages Au2, 
Au21, A, and C. Antiserum to staphylo - 
coccus bacteriophage B gives no neutrali¬ 
zation of Aul2, though the reciprocal re¬ 
action occurs to 1:200 dilut ion. 

Other properties: Not readily inacti¬ 
vated photodynamically; completely in¬ 
activated by 27 per cent urea solution m 
1 hour at 37® C; lysis inhibited by as little 
as 0.25 per cent sodium citrate in agar. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40,1935, 4,55-469. 


37. Phagus alpha H. {loc. cit.y 161). 
From Greek equivalent of common nmne 
Common name: Staphylococcus bac- 

teriophage A. „ u i. 

Host; Staphylococcus albus Rosenbach. 
Geographical distribution: Australia. 
Induced disease: Plaques of medium 
si*e, 1.5 to 2.5 mm in diameter, with hazy 

’^SSSgical relationships : Specific neu¬ 
tralization reaction, but no cross-neu^ 
tralization reactions with step y 
bacteriophages Au2, B, or C. 


in 30 minutes. 

Other properties: Not readily inacti¬ 
vated photodynamically; not completely 
inactivated by 27 per cent urea solution 
in 1 hour at 37® C; lysis not inhibited even 
by 1.5 per cent sodium citrate in agar. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40,1935,455-469; Burnet 
and McKic, Austral. Jour. Exp. Biol, and 
Med. Sci.,d, 1929, 21-31. 


38. Phagus beta H. {loc. cit., 162). 
From Greek equivalent of common name. 

Common name: Staphylococcus bac¬ 
teriophage B. 

Host. Staphylococcus albus Roscnbach. 
(ieographical distribution: Australia. 
Induced disease: Plaques of medium 
size, 0.7 to 1.5 mm in diameter, with 


arp edges. 

Serological relationships: Specific neu- 
alization reaction, but no cross-neu- 
alizatioii reaction with respect to 
aphylococous bacteriophages Au2, Aul2, 
or C, except t hat antiserum made with 
ul2 neutralizes this bacteriophage in 
,w dilutions (Sec Phagus caducus). 

Immunological relationships: Colonies 
ppcaring after lysis of Staphylococci al- 
us with this bacteriophage furnish or^n- 
,ms susceptible to staphylococcus bac- 

eriophagesAandD 


10 minutes. 

Ithcr properties : Readily inactivated 
otodynamically: completely mwti- 
ted by 27 per cent urea solution in 1 
ur at 37° C; lysis not inhibited even y 


medium. 

Literature: 
Path, and Bact 


Burnet and Lush, Jour. 
1935,455-459; Burnet 



1142 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


and McKie, Austral. Jour. Exp. Biol, and 
Med.Sci.,^, 1929,21-31. 

39. Phagus durabilis H. (loc. ciL, 162). 
From Latin durabilis, lasting, in refer¬ 
ence to the stability of this bacteriophage 
in concentrated urea solution and other 
unfavorable media. 

Common name: Staphylococcus bac¬ 
teriophage C. 

Host: Staphylococcus albus Rosenbach. 

Geographical distribution: Australia. 

Induced disease: Plaques 2.0 to 3.0 mm 
in diameter. Vitreous change in pe¬ 
ripheral zone. 

Serological relationships: Cross-neu¬ 
tralization reaction with staphylococcus 
bacteriopliage C', and less strongly with 
B, but not with Au2 or A. 

Immunological relationships: Colonies 
of Staphylococcus albus appearing after 
lysis with this bacteriophage furnish or¬ 
ganisms resistant to it but susceptible to 
staphylococcus bacteriophages A, B, 
and D. 

Thermal inactivation: At 61° to 63° C 
in 30 minutes. 

Other properties: Not readily inacti¬ 
vated photodynamically; not completely 
inactivated by 27 per cent urea solution in 
1 hour at 37° C; lysis not inhibited even 
by 1.5 per cent sodium citrate in agar 
medium. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., JfO, 1935,455-469; Burnet 
and McKie, Austral. Jour. Exp. Biol, and 
Med. Sci., 6, 1929, 21-31; Rakieten et al , 
Jour. Bact., Si, 1936,505-518. 

40. Phagus liber H. (loc. cit., 163). 
From I^atin liber, independent, in refer¬ 
ence to demonstrated independence of 
this virus, its bacterial host, and its dip¬ 
terous Buperhost, in respect to origin. 

Common name: Staphylococcus muscae 
bacteriophage. 

Host: Staphylococcus muscae Glaser. 

Geographical distribution: United 
States. 

Induced disease: Lysis in broth cul¬ 


tures ; plaques in agar cultures, but char¬ 
acteristics of plaques not recorded. 

Thermal inactivation: At a little above 
50° C in 5 minutes. 

Other properties: A characteristic 
nucleoprotcin has been isolated from 
lysed staphylococci. Sedimentation con¬ 
stant, 650 X 10”i3 cm dyne'^ sec.“S 
corresponding to a molecular weight of 
about 300,000,000. Denatured at acidi- 
t ies beyond pH 5.0. Digested by chymo- 
trypsin, not by trypsin. Apparent den¬ 
sity, alxiiit 1.20. Diffusion coefficient, 
varying with dilution. 

Literature: Glaser, Amer. Jour. Hy¬ 
giene, 27, 1938, 311-315; Northrop, Jour. 
Gen. Physiol , 21, 1938, 335-366; Shope, 
Jour. Exp. Med., 45, 1927, 1037-1044; 
Wyckoff, Jour. Gen. Physiol., 21, 1938, 
367-373. 

41. Phagus cholerae H. (loc. cit., 164). 
From former name of host. 

Common name : Vibrio comma bacterio¬ 
phage. 

Host: Vibrio comma Winslow et al. 
(formerly V. cholerae Neisser); Indian 
strains usually carry this bacteriophage, 
but Chinese and Japanese strains lack it, 
are susceptible, and upon inoculation be¬ 
come lysogenic. 

Geographical distribution: India. 

Induced disease: In both R and S 
forms of Vibrio comma, no plaques on 
ordinary agar plates, but vibrios become 
lysogenic. Egg-white in 1:25 dilution 
enhances activity enough to allow visible 
lysis, occasional plaques, or stippling at 
the site of inoculation. 

Immunological relationships: Vibrio 
comma organisms that have been infected 
with this bacteriophage and are resistant 
to its further action are still susceptible 
to cholera bacteriophages A, C, and D. 

Literature: White, Jour. Path, and 
Bact., 44, 1937,276-278. 

42. Phagus celer H. (loc. cit., 164). 
From Latin celer, quick, in reference to 
relatively quick action of this bacterio¬ 
phage. 
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Common name: Cholera bacterio¬ 
phage A. 

Host: Vibrio comma Winslow et al., 
smooth types, except non-agglutinable 
vibrios. 

Geographical distribution: India. 

Induced disease: Lysis in 2 hours, fol¬ 
lowed by abundant secondary growth. 
Only smooth elements of the culture are 
attacked. 

Serological relationships: Antigenically 
distinct fi*om cholera bacteriophage C. 

Immunological relationships: Second¬ 
ary growth resistant to this virus, but 
susceptible to cholera bacteriophages C 
and D. 

Other properties: Selectively inacti¬ 
vated by specific polysaccharide of 
smooth strains, not by a lipoid emulsion 
that is effective against cholera bacterio¬ 
phage C. Active in dilution of 1:10® or 
1:10*®. Multiplication rate, n X 10^ 
in 2 hours. 

Literature: Asheshov et al., Indian 
Jour. Med. Res., BO, 1933, 1127-1157; 
White, Jour. Path, and Bact., 43, 1936, 
591-593. 

43. Phagus effrenus H. (loc.'cit., 165). 
From Latin effremis, unbridled, in refer¬ 
ence to the ability of this bacteriophage 
to attack all tested strains of the cholera 
organism. 

Common name: Cholera bacterio¬ 
phage C. 

Host: Vibrio comma Winslow et al., all 
strains. 

Geographical distribution: India. 

Induced disease: Sometimes death 
without lysis. When lysis occurs, it is 
rarely complete and is followed by sec¬ 
ondary resistant growth. 

Serological relationships: Antigenically 
distinct from cholera bacteriophage A. 

Immunological relationships: Second¬ 
ary growth resistant to this bacterio¬ 
phage, but susceptible to cholera bac¬ 
teriophages A and D. 

Other properties: Selectively inacti¬ 
vated by lipoid from smooth strain of 
host, but not by specific polysaccharide. 


Active in dilution of 1:10® or 1:10*® 
Multiplication rate, n X 10* in 2 hours. 

Literature: Asheshov et al., Indian 
Jour. Med. Res., BO, 1933, 1127-1157; 
White, Jour. Path, and Bact., 4S', 1936, 
591-593. 

44. Phagus lentus H. (Zoc. ciL, 166). 
From Latin lentus, slow, in reference to 
the relatively slow and incomplete lysis 
induced by this bacteriophage. 

Common name: Cholera bacterio¬ 
phage D. 

Host: Vibrio comma Winslow et al. 

Geographical distribution: India. 

Induced disease: Incomplete lysis in 
about 5 hours, followed, in rough cultures, 
by slow development of resistant sec¬ 
ondary growth. 

Immunological relationships: Second¬ 
ary growth resistant to this bacterio- 
pliage, but susceptible to cholera bac¬ 
teriophages A and C. 

Other properties: Not inactivated by 
specific polysaccharide effective against 
cholera bacteriophage A, nor by lipoid 
effective against cholera bacteriophage 
C. Multiplication rate, n X 10* in 2 
hours. 

Literature: Asheshov et al., Indian 
Jour. Med. Res., BO, 1933, 1127-1157; 
White, Jour. PatL and Bact., 4S, 1936, 
591-593. 

45. Phagus diphtherlae H. (foe. ctL, 
167). From name of host. 

Common name: Corynebacierium diph- 
theriae bacteriophage. 

Host: Corynebacierium diphtheriae 
Lehmann and Neumann, many strains, 
especially 122 of 127 Australian type II 
gravis isolates; type I gravis isolates are 
lysogenic (carriers); all intermediate iso¬ 
lates are susceptible. 

Insusceptible species: Corynebacierium 
diphtheriae, all tested mitis isolates, ex¬ 
cept 2 lysogenic. A strain of C, diph¬ 
theriae from Swan Hill, 200 miles north 
of Melbourne, was found to be resistant 
to this bacteriophage and to the small- 
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plaque diphtheria bacteriophage, P. /u- 

lUis. 

GcK)graphical distribution: Australia. 

Induced disease: In Corynehacieriwn 
diphtheriae on agar, plaques 1.0 to 1.5 min 
in diameter, with shelving edge. A few 
resistant bacterial colonies often appear 
in the central clear area. 

Literature: Keogh et al., Jour. Path, 
and Bact., 46y 1938, 565-570; Smith and 
Jordan, Jour. Bact.,;21,1931,75-88; Stone 
and Hobby, Jour. Bact., 27, 1934,403-417. 

46. Phagus futilis H. {loc. cit., 168). 
From L'ltin futilis, vain, in reference to 
regular appearance of resistant organisms 


in plaques on agar cultures lysed by this 
bacteriophage. 

Common name: Small-plaque diph¬ 
theria bacteriophage. 

Host: Corynebacteriinn diphtheriae 
Tjehmann and Neumann, gravis type I 
isolates and all but 5 gravis type II iso¬ 
lates. 

Insusceptible species: All tested inter¬ 
mediate and mitis strains of C. diph- 
theriae. 

Geographical distribution: Australia. 

Induced disease: In Coryriehacterivm 
diphtheriae on agar, pin-point plaques or 
confluent plaques, with confluent growth 
of secondary, resistant organisms. 

Literature: Keogh et al.. Jour. Path, 
and Bact., 4^, 1938, 565-570. 
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Suborder II. Phytophaglneae suhordo- novus. 

. ^‘*’**®®* infecting higher plants; vectors typically homopterous or hemipteroua 
i^cts (leafhoppers aphids, white flies, true bugs) or thysanopteftius insects 
(thnps). From Greek phagein, to eat, and phyton, a plant. 


Key to the families of suborder Phytophagineae. 

1 . Inducing yellows-type diseases; vectors typically cicadellid or fulgorid leaf- 

hoppers. 

Family I. Chlorogenaceae^ p. 1145 . 

2. Inducing mosaic diseases; vectors typically aphids. 

Family II. Marmoraceae^ p.ll63. 

3. Inducing ringspot diseases; vectors unknown. 

Family III. Annulaceae, p. 1212. 

4. Inducing leaf-curl diseases; vectors typically v^hile flies. 

Family IV. Rugaceae, p. 1218. 

5. Inducing leaf-savoying diseases; vectors, true bugs. 

Family V. Savoiaceae, p. 1221. 

6 . Inducing spotted wilt; vectors, thrips. 

Family VI. Lethaceae, p 1223. 


FAMII.Y I. CHLOFOGENACEAE HOLMES EMEND. 

(Handb. Phytopath. Viruses, 1939, 1.) 

Viruses of the Yollows-Dis''a.se Group, pathogenic in flowering plants, causing dis¬ 
eases in which effects on chlorophyll are usually diffuse or stripe-like, no typical spot¬ 
ting or spotty mottling being involved. Vectors, so far as known, leafhoppers {CICA- 
DELLIDAE and FULGORIDAE). 


Key to the genera of family Chlorogenaceae. 

I. True Yellows Group. Viruses inducing diseases usually characterized by 
stimulation of normally dormant and adventitious buds to produce numer¬ 
ous slender shoots with long intcrnodcs and by chlorosis without spotting; 
invaded^parts abnormally erect in habit. Vectors cicadellid leafhoppers 
so far as known. 

Genus I. Chlorogenus, p. liiG. 

II. Peach X-Disease Group. Viruses inducing diseases characterized by reset¬ 
ting of foliage and sometimes death of host. 

Genus II. Carpophthora, p. 1151. 

III. Phloem-Necrosis Group. Viruses inducing diseases characterized by 

progressive degeneration of the host plant or by wilting and sudden death; 
sometimes by root discoloration. Vectors cicadellid leafhoppers so far as 
known. 

Genus III. MorsuSf p. 1153. 

IV. Yellow-Dwarf Group. Viruses inducing diseases characterized by chlorotic 

effects somewhat resembling true mottling but often more diffuse. Vectors 
cicadellid (agallian) leafhoppers. 

Genus IV. Aureogenus, p. 1154. 

V. Fiji-Disease Group. Viruses inducing diseases characterized by marked 
vascular proliferation. The vector of one is known to be a leafhopper of 
the subfamily Delphacinae, family FULGORIDAE. 

Genus V. OoUa, p-1157. 
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VI. Stripe-Disease Group. Viruses inducing diseases characterized by chlorotic 
striping; hosts grasses. Vectors, cicadellid and fulgorid leafhoppers. 

Genus VI. Fractilinea, p» l\59. 

Gemis L Chlorogenus Holmes. 

(Loc. cit.y 1.) 

Viruses of the Typical Yellows Group, inducing diseases usually characterized by 
stimulation of normally dormant and adventitious buds to produce numerous slender 
shoots with long internodes, by chlorosis without spotting, or by both growth of nu¬ 
merous slender shoots and chlorosis. Invaded parts abnormally erect in habit. Af¬ 
fected flowers often virescent. Hosts, dicotyledonous plants. Vectors, so far as 
known, exclusively cicadellid leafhoppers. Generic name from Greek chloros, light 
green or yellow, and suffix, gen^ signifying producing, from Greek genos, descent. 

The type species is Chlorogenus callistephi Holmes. 

Key to the species of genus Chlorogenus. 


I. Natural hosts many, in various u 


II. Known natural hosts relatively few 

A. Natural hosts rosaceous. 

B. Natural hosts solanaceous. 

C. Natural host sandal. 

D. Natural host cranberry. 

E. Natural host locust. 

F. Natural host alfalfa. 

G. Natural host hop. 


1. Chlorogenus callistephi Holmes. 
(Handb. Phytopath. Viruses, 1939, 2.) 
From New Latin Callislephus, generic 
name of the China aster. 

Common names: Aster-yellows virus, 
lettuce white-heart virus, Erigeron-ye\- 
lows virus. 

Hosts: Callistephus chinensis Nees, the 
China aster, is the host that has been 
studied most. 170 or more species in 38 
different families of dicotyledonous 
plants have been shown susceptible. 
Lettuce, endive, carrot, buckwheat, pars¬ 
nip, and New Zealand spinach are among 
the hosts of economic importance. 


ilies of plants. 

1 . Chlorogenus callistephi. 

2. Chlorogenus austr aliens is. 

3. Chlorogenus persicae. 

4. Chlorogenus solani. 

5. Chlorogenus santali. 

6. Chlorogenus vaccinii. 

7. Chlorogenus robiniae. 

8. Chlorogenus medicaginis. 

9. Chlorogenus humuli. 

Insusceptible species: All tested spe¬ 
cies of the family Leguminosae and some 
species of all other tested families have 
appeared naturally immune. 

Geographical distribution: U. S., Can¬ 
ada, Bermuda, Japan, and Hungary. In 
California the celery-yellows strain of 
this virus replaces the type. 

Induced disease: In most host species 
the characteristics of disease are clearing 
of veins, followed by chlorosis of newly 
formed tissues, stimulation of normally 
dormant buds to growth, malformation, 
virescence of flowers, sterility, and up¬ 
right growth habit. Stimulation of nor 
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inally dormant buds to adventitious 
growth and abnormally erect habit are 
the most constant features. Chlorosis is 
absent or inconspicuous in some hosts. 

Transmission: By leafhopper, }facro- 
stele8 divisvs (Uhl.) (» Cicadula sex- 
notata (Fall.), C. divisa (Uhl.)) (C/CM- 
DELLIDAE). Incubation period, 
about 2 weeks. Some strains of this virus 
arc transmitted also by the leafhoppors 
Thamnotcttix montanus Van 1) and T 
getninaius Van D. (CIC A DELL I DAE). 
By grafting. By dodder. Xot through 
seeds of diseased plants. Not by me¬ 
chanical inoculation of plants, but virus 
has been passed from insect to insect 
mechanically in Mncrosieles divisus: juice 
from virulifcrous insects contains little 
virus just after inoculation, but the effec¬ 
tive concentration increases at lea.st 
100 -fold between the 2nd and 12th day 
of a 17-day incubation period; it seems 
greatest before the insect.s begin to infect 
the aster plants on which they arc main¬ 
tained. 

Thermal inactivation: In juice from 
viruliferous insects, at about 40® C in 10 
minutes; at 25® C in 2 to 3 hours. In 
plant tissues, at 38® to 42® C, in 2 to 3 
weeks; cured plants fully susceptible to 
reinfection. In insect vector, M . dmsus, 
at 31® C in 12 days. 

Other properties: Virus in juices de¬ 
rived from insects is more stable at 0® C 
than at 25® C or when frozen; at 0® (’ it 
withstands storage 24, not 48, hours in 0 85 
I)er cent NaCl solution at pH 7.0 but most 
of the virus is inactivated in this time; it 
withstands dilution 1:1000 in neutral 
0.85 per cent NaCl solution; for brief 
(less than 5-minute) ex^wsures, it re¬ 
mains viable over the range from pll 5 

Literature: Black, Phytopath., SI, 
1941, 120-135; 33, 1943, 2 (Abst.); John¬ 
son, ibid., 31, 1941,649-656; Kunkel, Am. 
Jour. Bot., 15, 1926, 646-705; Contrib. 
Boyce Thompson Inst., 5, 1931, 

4, 1932, 405-414; Am. Jour. Bot., 54, 
1937, 316-327; 38, 1941, 761-769; Linn, 
Cornell Agr. Exp. Sta. (Ithaca), Bull. 


742, 1940; Ogilvie, Bermuda Dept. Agr., 
Agr. Bull. 6,1927,7-8; Severiii, Hilgardia, 

5, 1929, 543-583; Phytopath., £0, 1930, 
920-921; Hilgardia, 7, 1932, 163-179 ; 8, 
1934, 305-325, 339-361; Phytopath., 30, 
1940, 1049-1051; Hilgardia, U, 1942, 411- 
440; Severin and Haasis, Hilgardia, 8, 
1934, 329-335. 

Strains: Two variant strains, one found 
in nature, the other derived experiment¬ 
ally, have been given varietal names to 
distinguish them from the type variety, 
vulgaris H (loc. cit., 2): 

la. ChLrogenus calhstephi var. califor- 
nicMs H. (loc. cit., 3). From California, 
name of slate in which this strain was first 
recognized (Vanmon name: (.'elcry-yel- 
lows stiain <>f aster-yellows virus. Dif¬ 
fering from the type variety by ability to 
infect celery {Apium graveolcns L.— 
UM BELLI FERAE) and zinnia (Zinnia 
degnns ,h\c(\.-COMPOSITAE) (Kun- 
kei, Cxmtrib. Boyce Thompson Inst., 4, 
1932,405-414; Severin, Hilgardia, 5,1929, 
543-583; 5,1934, 305-325). 

lb. Chlorogenus calhstephi var. at- 
teniiatus H. (loc. cit., 4). hrom Latin 
aitenuatus, weakened. Common name: 
Heat-attenuated strain of aster-yellows 
virus. Differing from the type variety 
by inducing less severe chlorosis and less 
uprightness of new growth in affected as¬ 
ter plants (Kunkel, Am. Jour. Bot., 54, 
19.37, 316-327). 

2. Chlorogenus australiensls comb, 
nov. From Australia, name of continent. 
Synonym: Galla avstraliensis H. (loc. 
cit., 107). 

Common names: Tomato big-bud virus; 
vircscence virus; perhaps also stowboor 
virus, tobacco stolbur or montar virus, 
eggplant little-leaf virus. 

Uosis: SOLAN ACE AE—Datura stra^ 
vionium L., Jimson ^^eed, Lycopcrsicon 
escuknium Mill , tomato; Nicotiana taba- 
cum L., tobacco; Solanum melongena L., 
eggplant; S. nigrum L., black nightshade. 
Recently a long list of species in this and 
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other families have been rejwrted as sus¬ 
ceptible to viresccnce virus, presumed to 
be an isolate of tomato big-bud virus. 
(Hill, Jour. Counc. Sci. Ind. Res., f6*, 
1043, 85^92). 

Geographical distribution; Australia, 
especially New South Wales; viruses 
causing somewhat similar diseases have 
been reix)rted also from the Crimea ami 
the northwestern United States. 

Induced disease: In tomato, tlowers 
erect, virescent, calyx bladder-like, ix>l- 
Icn sterile; floral proliferation. Growth 
of axillary shoots stimulated. Xew 
leaves progressively smaller. Youngest 
leaves yello^^ish-green in color, especially 
at their margins; usually purplish under¬ 
neath. Hypertrophy of inner phloem. 
No intracellular inclusions. Fruit red¬ 
dens imperfectly and becomes tough and 
woody. Roots appear normal. In So- 
lo7ium nigrum^ axillary shoots numerous, 
leaves small, internal phloem adventi¬ 
tious. In tobacco, plants dwarfed; leaves 
recurved, distorted, twisted, thickened, 
brittle, yellowish green, hanging down 
close to stem; small leaves on shoots from 
axillary buds; proliferation and vires- 
ccnce of flowering parts; chlorotic clear¬ 
ing of veins as early effect of disease; 
upper surface of foliage appears glazed; 
some necrosis of veins, in old leaves, near 
tit)S and margins or on midrib; viable 
seed rarely produced; calyx bladder-like, 
floral axis may form short branches bear¬ 
ing small leaves; disease sometimes called 
bunchy top. 

Transmission: By leafhopper, Tham- 
noietlix nrgenlata Evans (CICADELLI- 
DAE). Experimentally by budding and 
other met hods of graft ing. Not b}^ inocu¬ 
lation of expressed juice. 

Literature : Cobb, Agr. Gaz. New South 
Wales, IS, 1902, 410-414; Dana, Phyto¬ 
path., SO, 1940, 866-869; Hill, Jour. Aus¬ 
tral. Inst. Agr. Sci., 6, 1940, 199-200; 
Jour. Council Sci. Ind. Res., 10, 1937, 
309-312; 16, 1943, 85-92; Michailowa, 
Phytopath., 2S, 1935, 539-558; Rischkov 
ct al., Ztschr. Pflanzenkr., 4S, 1933, 496- 


498; Samuel et al.. Phytopath., 2S, 1033, 
641-653. 

3. Chlorogenus persicae H. (loc. cit., 
5). From New Latin Persica, former 
generic name of peach. 

C'ommon names: Peach-yellows virus, 
little-peach virus. 

Hosts: ROSACEAE—Prunus persica 
(L.) Batsch, peach; P. salicina Lindl., 
Japanese plum; and all other tested spe¬ 
cies of the genus Prunus. 

Geographical distribution: Eastern 
United States and Canada, south to 
North Carolina. First occurred near 
Philadelphia in this country. Origin 
perhaps oriental; introduction in oriental 
plums suspected. Not in Europe. 

Induced disease: In peach, clearing of 
veins, production of thin erect shoots 
bearing small chlorotic leaves, follow’ed 
by death i n a year or t wo. In early stages 
of the disease there is premature ripening 
of fruit. In Japanese plum, systemic in¬ 
fection but no obvious symptoms. 

Transmission: By the leafhopper, Ma- 
cropsis trimaculata (Fitch) {CIC A DEL- 
LID AE). By budding; virus spreads 
down stem from p<_)int of bud insertion 
fa.stcr than up Not by inoculation of 
expres.sed juice, despite numeroua at¬ 
tempts. Not by pollen of diseased trees. 

Immunological relationships: Presence 
of peach-yellows virus immunizes tree 
against little-peach virus, formerly con¬ 
sidered an independent entity. 

Thermal inactivation . In peach tissues, 
at 34° to 35° C in 4 to 5 days; at 44° C in 
30 minutes; at 47° C in 10 minutes; at 50° 
C in 3 to 4 minutes; at 56° C in 15 seconds. 

Other properties: Trees and bud sticks 
may be treated safely with heat sufficient 
to kill the virus. C^ured trees are sus¬ 
ceptible to reinfi'ction. 

Literature : Blake, N. J. Agr. Exp. St a.. 
Bull. 226, 1910; Kunkol, Contrib. Boyce 
Thompson Inst., 5, 1933, 19-28; Phyio- 
path., 26, 1936, 201-219, S09-S30; 28, 1938, 
491-497; Manns, Trans. Peninsula Horf. 
iSoc., 23, 1933, 17-19; Afanns and Manns, 
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ibid,, t4, 1934, 72-76; McCubbin, Penn¬ 
sylvania Dept. Agr., Gen. Bull. S8B, 1924. 

Strains: Numerous strains of peach- 
yellows virus probably exist in nature. 
One of these has been given a varietal 
name, distinguishing it from tlie type 
variety, vulgaris H. {loc. ciL, 5): 

3a. Chlorogenus pcrsicacwxv. jnicroper- 
sica II. {loc. cit.j 6). From Greek micros, 
small, and New Uitin Persica, former 
generic name of peach. Common name: 
Little-peach St rain of peach-yellows vii us. 
Differing from the type variety b> tend¬ 
ency to cause a mild tyiHi of disease, 
characterized by distortion of young 
leaves, production of many short branches 
on main trunk, later yellowing of matuie 
leaves, twiggy growth, shoots slightly 
less erect than in typical i)cach yellows. 
(Kunkcl, Phytopath., $6, 1036, 201-219; 

1936, 809-830; 28, 1938, 491-497; 
Manns, Trans. Peninsula Soc , 2S, 
1933, 17-19; ^4, 1934,72-70.) 

4. Chlorogenus solan! II {loc. cit , 7) 
From New' Latin Solauum, generic desig¬ 
nation of potato. Synonym * Chloroph- 
thora solani McKinney. Jour. Washington 
Acad.Sci., 54,1944,151 

Common names: Potato w itches’-hroom 
virus, potato w'ilding or semi-w'ilding 
virus. 

Hosts: SOLAN ACE AESolanurn tu¬ 
berosum L., potato. Experimentally, also 
SOLAN ACE AE—Lycopersicon esculen- 
tum Mill., tomato; Nicotiana tabacum L., 
tobacco; N. glutinosa L.; N. rustica L. 
APOCYN ACE AE—Vinca rosea L., 
periwinkle. C HENOPODIACEAE 

Beta vulgaris L., sugar beet. 

Geographical distribution: United 
States (Montana, Washington), Russia. 

Induced disease: In potato, increas¬ 
ingly pronounced flavescence in new 
leaflets on one or more stems, production 
of new dw'arfed leaflets wdth marginal 
flavescence on steins with unusually long 
internodes and enlarged nodes, growth of 
spindling axillary and basal branches, 


profuse blooming and fruiting, lack of 
dormancy in tuber buds, formation of 
many small underground tubers as well 
as some aerial tubers; plants grown from 
diseased tubers form thread-Uke stems 
and small simple leaves; infected plants 
survive several seasons, with progressive 
degeneration. In tomato, experimen¬ 
tally, extreme leaf dwarfing, marginal 
flavescence of leaves and abnormally 
numerous axillary branches; stems be¬ 
come hollow and die; plants do not survive 
long after infection. In tobacco, experi¬ 
mentally. slender axillary branches with 
dwarfed leaves, flowers on spindling pedi¬ 
cels, numerous, small; later leaves flaves- 
cent oi marginally fiavescent. 

Transmission: By tuber-core grafts 
with prepalcnt period of 29 to 114 days. 
By stem grafts. By dodder, Cuscuta 
carnpeslrm Yuncker {CONVOLVULA^ 
CEAE). Not by inoculation of ex¬ 
pressed juice. Not by Macrosieles divi- 
^us (Uhl.) (CICADELLIDAE), No 
insect vector is knowm. Not through 
seeds of diseased tomatoes. 

Thermal inactivation: at 42° C in 13 
(lays, in tissues of Vtnea rosea; at 36° C 
in 6 (lays in small potato tubers. 

Literature • Ilungerford and Dana, 
Phyt(^path . /4, 1924, 372-383; Kunkel, in 
Virus Diseases, Cornell Univ. Press, 
Ithaca, N. Y., 1943, 63-82; Proc. Am. 
Philosoph. Soc., 86, 1943, 47G-475; Mc- 
Larty, Scient Af^r.,6, 1926,395;Whipple, 
Montana Agr E.xp. Sta., Bull. 130, 1919; 
Young, Science, 66, 1927 , 304-306; Am. 
Jour. Bot., J6, 1929, 277-279; Young and 
Morris, Jour. Agr. Res., S6, 1928, 835-854. 

5. Chlorogenus santall H. {loc. cit., 8). 
From New liatin Sanialum, generic desig¬ 
nation of sandal. 

Common names: Sandal spike ^disease 
virus, sandal spike-rosette virus. 

Hosts; <8A NTALACEAE—Santalum 
album L., sandal. Spike-like diseases 
have been found also in RHAMNEAE — 
Zizyphus oenoplia Mill., SAPINDA- 
CEAE—Dodonaea viscosa Jacq., VERr 
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BENACEAE—Siachytarjiheta indica 
Vahl, and APOCYNACEAE--Vinca ro¬ 
sea L. 

Geographical distribution: South 
India. 

Induced disease : In sandal, abnormally 
profuse blooming at first, suppression of 
blooming later; reduction in leaf size and 
internodc length; death ensues in the 
third year or earlier. In all but the 
youngest leaves of affected branches, 
vacuolate intracellular bodies with defi¬ 
nite peripheral membrane, 4 to 9 microns 
in maximum diameter, are found. 

Transmission : By twig grafts, inserted 
buds, and patch grafts, with success de¬ 
creasing in the order named. Prepatent 
period 3 to 4 months. Best results in 
May and June; poorest in October. Per¬ 
haps through seeds, but not through 
pollen of diseased plants. Insect trans¬ 
mission claimed, but species not identi¬ 
fied. Reported transmission by Moonia 
albimaculata {CICADELLIDAE) re¬ 
quires further confirmation. Not by 
inoculation of expressed juice. Not by 
root grafts. 

Literature: ^Coleman, Mysore Dept. 
Agr., Mycol. Ser., Bull. 3, 1917; Indian 
Forester, 49f 1923, 6-9; Dover, ibid.^ 60, 
1934, 505-506; Narasimhan, Phytopath., 
23, 1933,191-202; Rangaswanii and 8reen- 
vasaya. Current Science, 1935, 17-19; 
Sreenvasaya, Nature, 126, 1930, 957; 
Venkata Rao and Gopala Iyengar, Mysore 
Sandal Spike Invest. Comm., Bull. 4, 
1934, 1-12; Indian Forester, 60, 1934, 
689-701. 

6 . Chlorogenus vaccinii H. (/oc. cit., 
10). From New Latin Faccimum, generic 
designation of cranberry. 

Common names: Cranberry false-blos¬ 
som virus, Wisconsin false-blossom virus. 

Hosts:ERICACEAE—Vaccinium ma- 
crocarpon Ait., cranl^erry; V. oxycoccits 
L. Experimentally, also APOCYNA- 
CEAE—Vinca rosea L., periwinkle. 
COM POSIT A E—Calendula officinalis 
L., calendula. SOLAN ACE AE—Lyco- 
perstcon esculentum Mill., tomato; Nico~ 


liana glutinosa L.; N. tahacum L., to¬ 
bacco; Solanum tuberosum L., potato. 

Geographical distribution: Eastern 
United States and Canada. It is be¬ 
lieved that the virus does not spread in 
bogs with alkaline (pH 7.4 to 8.8) flooding 
water in Wisconsin though it spreads 
rapidly in the more productive Ix)g8 with 
nearly neutral (pll 6.0 to 7.0) flooding 
water. 

Induced disease: In cranberry, flowers 
erect, instead of pendent as in healthy 
plants; calyx lobes enlarged, petals short, 
streaked with red and green, stamens and 
pistils abnormal. Flowers may be re¬ 
placed by leaves or short branches. Dor¬ 
mancy of axillary buds is broken, pro¬ 
ducing numerous erect shoots, forming a 
witches’ broom. Diseased fruits small, 
irregular in shape, erect. 

Transmission: By Icafhopper, Ophiola 
striatula (Fall.) { = Euscelis striatulus 
(Fall.)) {CICADELLIDAE). Not by 
inoculation of expressed juice. By dod¬ 
der, Cuscuta campesirts Yuncker (CON- 
VOLVULACEAE). 

Thermal inactivation: At 40° C' in 2 
weeks in tissues of periwinkle. 

Literature : Dobroseky, Contrib. lioyce 
Thompson Inst., 3, 1931, 50-83; Fracker, 
Phytopath., 10, 1920, 173-175; Kunkel, 
Science, 95, 1942, 252; Torreya, 4S, 1943, 
87-95; Shear, U. S. Dept. Agr., Bull. 444, 
1916; Stevens, Phytopath., 16, 1925, 85- 
91; S4y 1944, 140-142; U. S. Dept. Agr., 
Circular 147, 1931; Stevens and Sawyer, 
Phytopath., 16, 1926,223-227; Wilcox and 
Beckwith, Jour. Agr. Res., ^7, 1933, 
583-590. 

7. Chlorogenus robiniae H. (loc. cit,, 
13). From New Latin Rohinia, generic 
designation of locust. Synonym: Poly- 
cladus robimac McKinney, Jour. Wash¬ 
ington Acad. Sci., 34, 1944,151. 

Common names: Locust witches’- 
broom virus; locust brooming-disease 
virus. 

Hosts: LEG UMINOSAE^-Robinia 

pseudoacacia L., black locust. 

Geographical distribution: United 



FAMILY CHLOROGENACEAE 


1151 


States (southern Pennsylvania to north¬ 
eastern Georgia, west to southwestern 
Ohio and Tennessee). 

Induced disease: In black locust, clear¬ 
ing of veins, followed by progressive re¬ 
duction in size of newly formed leaves; 
growth of spindly shoots to form witches' 
brooms. Rxwts more brittle, shorter, and 
darker than normal, with excessive 
branching of rootlets, giving the appear¬ 
ance of root brooms. 

Transmission: By grafting and bud¬ 
ding. Not by inoculation of expressed 
juice. No insect vector is known. 

Literature: Grant et al.. Jour. Forestry, 
40, 1942, 253-260; Hartley and Haasis, 
Phytopath., 19, 1929, 163-166; Jackson 
and Hartley, Phytopath., ig5,1933,83-90, 
Waters, Plant World, 1, 1898, 83-84. 

8. Chlorogenus medicaginls H. (loc. 
cit», 14). From New Latin Medicago, 
generic designation of alfalfa (lucerne). 

Common names. Alfalfa witches’- 
broom virus, lucerne witches’broom 
virus, spindle-shoot virus, mistletoe 
virus, Kurrajong virus, bunchy-top virus. 

Hosts: LEG UMINOSAE—Medicago 
saliva L., alfalfa (lucerne). 

Geographical distribution: Australia, 
especially New South Wales; perhaps 
United States. 

Induced disease: In alfalfa, plant 
dwarfed; leaves small, rounded, chlorotic 
at edge, puckered, distorted; stems short, 
spindly, numerous. Flowers usually not 
formed, but sometimes pale and small, 


sometimes replaced by leafy structures. 
Seed rarely produced. 

Transmission: By grafting. Not by 
inoculation of expressed juice. No insect 
vector is known. 

Literature: Edwards, Jour. Australian 
Inst. Xgr. Sci., 1, 1935, 31-32; New South 
Wales Dept. Agr., Science Bull. 52,1936; 
Agr. Gaz. New South Wales, 47, 1936, 
424r-426; Richards, U. S. Dept. Agr., 
Plant Disease Reporter, Supplement, 71, 
1929, 309-310. 

9. Chlorogenus humull H. {loc. ciL, 
15). 1 rom New Latin Humulus, generic 
designation of the hop. 

Common names: Hop-nettlehead virus, 
silly-hill disease virus, virus of infectious- 
sterility of the hop. 

Hosts: MORACEAE—Humulus lupu- 
Ins L., European hop. 

Geographical distribution: England, 
Czechoslovakia, Germany, Poland. 

Induced disease: In hop, stems numer¬ 
ous, spindly, short, plants weak. Leaves 
curled upward at margin; cone produc¬ 
tion greatly reduced. 

Transmission: By grafting. Not by in¬ 
oculation of expressed juice. Not 
through soil. No insect vector is known. 

Literature: BlattnJ^ and Vukolov, Rec. 
Inst. Rech. Agron. R6p. Tch6cosl., 1S7, 
1935, 3-18; Goodwin and Salmon, Jour. 
Inst. Brew., SS, 1936, 209-210; Salmon, 
ibid., S2, 1935, 235-237 ; 55,1936,184-186; 
Salmon and Ware, Jour. South-Eastern 
Agr. College, Wye, Kent. 57,1936, 21-25. 


Genus II. Carpophthora McKinney emend. 

(Jour. Washington Acad. Sci., 54, 1944, 152.) 

Peach X-Disease Group; viruses inducing diseases characterized in general by 
rosetting of foliage and sometimes death of host. Generic name from Greek, meaning 
fruit and ruin or destruction. 

The type species is Carpophifiora lacerans McKinney. 

Key to the species of genus Carpophthora. 

I. Inducing chlorosis, reddening, and tattering of foliage, with' rosette formation 
late in the disease in some hosts. 

1. Carpophthora lacerans. 
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II. Inducing rosette formation characteristically, but not tattering of affected 
foliage. 


1. Carpophthora lacerans (Holmes) 
McKinney. (Marmor lacerans Holmes, 
Handb. Phytopath. Viruses, 1939, 82; 
McKinney, Jour. Washington Acad. Sci., 
54, 1944, 152.) From I^atin la^erare, to 
lacerate, in reference to characteristic 
foliage injury. 

Oommon name: Peach X-disease virus; 
virus of peach yellow-red virosis. 

Hosts: ROSACEAE—Prunus persica 
(L.) Batsch, peach; P. virginiana L., 
chokecherry. 

Geographical distribution: United 
States, Canada. 

Induced disease: In peach, foliage nor¬ 
mal each spring but yellowish areas ap¬ 
pear in June at base of leaves; affected 
trees appear lighter green than neighbor¬ 
ing healthy trees; discolored spots occur 
at random on the leaf blade, becoming red 
and yellow with remainder of leaf becom¬ 
ing chlorotic; the discolored areas usually 
fall out, leaving the foliage tattered; sub¬ 
sequently, affected leaves drop except at 
tips of branches; young trees may die, 
older ones survive indefinitely. PVuit 
either shrivels and falls or ripens prema¬ 
turely, with bitter flavor and no viable 
seed. In chokecherry, conspicuous pre¬ 
mature reddening of foliage, development 
of fruits with dead embryos in the pits; 
in the second and third seasons after 
infection, duller colors of foliage, rosettes 
of small leaves on terminals; death fol¬ 
lows the advanced stage of disease. 

Transmission: By budding. Not by 
inoculation of expressed juice. No insect 
vector has been reported. 

Literature: Berkeley, Div. of Botany 
and Plant Path., Science Service, Do¬ 
minion Dept. Agr., Ottawa, Canada, Pub¬ 
lication 678, 1941; Boyd, U. S. Dept. Agr., 
Plant Dis. Rep., 55, 1938, 334; Hilde¬ 
brand, Contrib. Boyce Thompson Inst., 
11, 1941, 485-496; Hildebrand and Pal- 
miter, U. S. Dept. Agr., Plant Dis. Rep., 


2. Carpophthora rosettae, 

55, 1938, 394-396; Hildebrand et al., 
Handbook of virus diseases of stone fruits 
in North America, Michigan Agr. Exp. 
Sta., Misc. Publ., 1942, 21-24; Stoddard, 
Connecticut Agr. Exp. Sta., Circ. 155, 
1938, 54-60; Proc. Connecticut Pomol. 
Soc., 4Sy 1938, 29-32. 

2. Carpophthora rosettae (Holmes) 
comb. nov. (Chlorogenus rosettae H., 
nomen nudum. Phytopath. 59, 1939, 434; 
Nanus rosettae H., Handb. Phytopath. 
Viruses, 1939, 125.) From rosette, com¬ 
mon name of induced disease, from 
French, diminutive of rose, a rose. 

Common name: Peach-rosette virus. 

Hosts: ROSACEAE—Prunus persica 
(L.) Batsch, peach; P. communis Fritsch, 
almond; P. domestica L., plum. Experi¬ 
mentally, also-APOC FAT ACEAE— 
Vtnea rosea L., periwinkle. ROSA¬ 
CEAE —P. americana Marsh., wild plum; 
P. arrneniaca L., apricot; P. cerasus L., 
cherry; P. pumila L., sand cherry. 
SOLANACEAE—Lycopersicon esculen- 
tum Mill., tomato; Nicotiana glutinosa L. 

Geographical distribution: United 
States (Georgia, Alabama, South Caro¬ 
lina, Tennessee, West Virginia, Missouri, 
Oklahoma). 

Induced disease: In peach, sudden 
wilting and death, or growth of abnor¬ 
mally short stems bearing dwarfed leaves 
with clearing and thickening of veins, 
followed by death in a few months. 

Transmission: By budding. By dod¬ 
der, Cvscuta campestris Yuncker. Not 
by inoculation of expressed juice. Not 
through soil. No insect vector is known. 

Immunological relationships: No pro¬ 
tection is afforded by previous infection 
of peach trees with Chlorogenus persicae, 
peach-yellows virus. 

Thermal inactivation: At 50° C in 10 
minutes (in tissues of peach). Rosetted 
trees are abnormally susceptible to heat 
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injury and heat treatments cure peach* 
rosette disease only in recently infected 
trees. 

Literature: Kunkel, Phytopath., 26, 
1036, 201~219, 809~830j in Virus Diseases, 


Cornell Univ. Press, Ithaca, N. Y., 1043, 
63-82; McClintOck, Jour. Agr. Res., 
1923, 307-316; Phytopath., 21, 1931, 373- 
386; Smith, U. S. Dept. Agr., Div. Veg. 
Path., Bull. 1, 1891. 


Genus JII. Morsus gpn. nov. 

AlfaKa-Dwarf Group; viruses inducing diseases characterized in general by sud¬ 
den wilting and death or by gradual decline of vigor with foliage of darker green 
color than normal. Vectors, like those of the typical yellows subgroup, cicadellid 
leafhoppers so far as known. Generic name from Latin morsru, sting or vexation. 

The type species is Morsus suffodiens spec, nov. 


Key to the species of genus Morsus. 
I. Affecting alfalfa and grape. 


1. Morsus suj^odiens, 

II. Affecting tobacco. 

2. MorsiLS reprimens. 

III. Affecting elm. 

3. Morsus ulmi. 


1. Morsus suffodiens spec, vov From 
Latin suffodere, to sap or undermine, in 
reference to process leading to sudden 
collapse of long infected, but sometimes 
not obviously injured, grape vines as nell 
as to progressive decline in size of in¬ 
fected alfalfa plants, the foliage of which 
may remain green to the last. 

Common names: Alfalfa-dwarf virus, 
lucerne dwarf-disease virus, virus of 
Pierce's disease of the grape, virus of 
Anaheim disease. 

Hosts: LEG UMINOSAE—Medicago 
saliva L., alfalfa (lucerne). VITA- 
CEAE—Vitis vinifera L., grape. 

Geographical distribution: United 
States. 

Induced disease: In alfalfa, leaves 
small but green, plant progressively 
smaller, wood of roots discolored yellow, 
transpiration decreased; wilting may oc¬ 
cur; starch of root diminished; plant 
eventually succumbs, thinning stand 
prematurely. In grape, dark green color 
of leaves retained along veins, not be¬ 
tween them, or no abnormality in appear¬ 
ance of foliage; wilting and sudden death 
of plant in summer of second year. In 
late summer of first year, there may be 


dying leaf margins and dying back of cane 
tips. 

Transmission: By budding and root 
grafting. By leafhoppers, Draeculace- 
phalaminerva Ball, Carneocephalafulgida 
Nott., C. triguttata "Noit,, Helochara delta 
Oman, Neokolla circellata (Baker), A*. 
gothica (Sign.), N, confluens (Uhler), 
N. heiroglyphica (Say), and Cuerna oc- 
cidentalis Oman and Beamer {CICA- 
BELLI DAE ); these vectors all belong 
to the subfamily Amblycephalinae; all 
tested species of this, but none of any 
other, subfamily have proved capable 
of transmitting this virus. Not by in¬ 
oculation of expressed j uice. Not through 
soil. 

Literature: Frazier, Phytopath., 84, 
1944, lOOO-lOOl; Hewitt, Phytopath., 29, 
1939, 10; Ji, 1941, 862; Blue Anchor, 18, 
1941,16-21,36; Hewitt et al.. Phytopath., 
32, 1942, 8; Houston et al.. Phytopath., 
82, 1942,10; Milbrath, Calif, Dept. Agr., 
20th Ann. Rept., Bull. 28, 1940, 671; 
Pierce, U. S. Dept, of Agr., Div. of Veg. 
Path., Bull. 2, 1892, 1-222; Weimer, 
Phytopath., 21, 1931, 71-75; 27, 1937, 
697-702; Jour. Agr. Res., 47, 1933, 361- 
368; 68, 1936, 333-347; 66,1937, 87-104. 
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2. Morsus reprimens ^pec. nov. From 
Ijatin reprimeret to restrain, check, or 
curb, in reference to the inhibiting effect 
on growth of the host plant, tobacco. 

Common name: Tobacco yellow-dwarf 
virus. 

Hosts: SOLAN ACE AE—Nicoiiana 
tabacum L., tobacco; N. rusiica L., In¬ 
dian tobacco; N. trigonophylla Dun. 
Experimentally, also N. glanca Grab, 
(symptomless) and A^ glutinosa L. 

Geographical distribution: Australia 
(Victoria, New South Wales, South Aus¬ 
tralia, and southern Queensland). 

Induced disease: In tobacco, internodes 
of stem shortened, leaves small; down¬ 
ward bending of tips and rolling under of 
margins of young apical leaves; young 
leaves darker than normal at first, 
bunched, later appear ribbed; leaves be¬ 
come yellow-green, pale first between 
veins; old leaves rugose, thickened, later 
savoyed. Root system small, roots 
slightly brown externally and in the re¬ 
gion of the phloem. Affected plants may 
survive the winter and show diseased new 
growth in the spring. 

Transmission: By grafting and bud¬ 
ding. By nymphs and adults of the leaf- 


hopper, Thamnoteitix argeniaia (Evans) 
(CICADELLIDAE). 

Literature: Dickson, Australia, Coun¬ 
cil Sci. Indust. Res., Pamphlet 14, 1929, 
22; Hill, Australia, Journal of the Coun¬ 
cil Sci. Indust. Res., 10, 1937, 228-230; 
14, 1941, 181-186; 15, 1942, 13-25. 

3. Morsus ulmi spec. nov. From Latin 
ulmus^cXm. 

Common name: Elm phloem-necrosis 
virus. 

Host: URTICACEAE—Ulmus ameri- 
cana L., American elm. 

Geographical distribution: United 
States (Ohio, Indiana, Illinois, Missouri, 
Tennessee, Kentucky, and West Vir¬ 
ginia). 

Induced disease: In elm, gradual de¬ 
cline over a period of 12 to 18 months 
before death or sudden wilt, drying 
of leaves, and death within 3 to 4 weeks. 
All ages susceptible, from seedling to 
large tree. 

Transmission: By patch grafting. Not 
by inoculation of expressed juice. 

Literature: Leach and Valleau, U. S. 
Dept. Agr., Plant Dis. Rept., $S, 1939, 
3(X>-301: Swingle, Phytopath., SO, 1940, 
23. 


Oeniut IV. Aureogenus Black. 

(Proc. Am. Philos. Soc., 88, 1944, 141.) 

Viruses of the Yellow-Dwarf Group, inducing diseases characterized by yellowing 
without typical mosaic-type mottling. Vectors agallian leaf hoppers {CICADELLI¬ 
DAE) . Generic name from Latin aureus, yellow or golden, and genus, group. 

The type species is Aureogenus vastans (Holmes) Black. 

Key to the species of genus Aureogenus. 

I. Mechanically transmissible in some hosts by rubbing methods of inoculation. 
Not producing enlarged veins or club-leaf in clover. 

1. Aureogenus vastans. 

II. Not known to be transmissible by rubbing methods of inoculation. 

A. Producing enlarged ""ins in clover. 

2. Aureogenus magnivena. 

B. Producing club-leaf in clover. 


3. Aureogenus clavifolium. 
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1. Aureogcnus vastans (Holmes) 
Black. {M armor vantans Holmes, 
Ilandb. Phytopath. Viruses, 1930, 94; 
Black, Proc. Am. Philos. Soc., 88, 1944' 
141.) Prom Jjatin vaslarc, to devastate. 

Common name: Potato yellow-dwarf 
virus. 

Hosts: SOLA A A CLAE—Solarium tu¬ 
berosum L., i)Otato. COM POSIT AE— 
Chrysanthemum leucanthemum 1^., var. 
pinnatifidum Lccoq and Lamotle, daisy; 
Rudbeckia hiria L., black-eyed Susan. 
CRUCIFERA E~ Harharca vulgaris R. 
Br., coininon winter oross. LEGC- 
MIXOSAE—Tnfolium prntcnse L., red 
clover. K\p(‘rifn( ntally to numerous 
species in these and otlu'r f.unilies 

(leoj'raphical (listrihution Noithea>l- 
crn rnited States and southeastern 
Canada. 

IndiH'ed disease* In iX)i:ito, yellowing 
of leaves, necrosis of stem, dwarfing of 
plant; the stem, if split, hows rusty 
specks especially at nodes and a|Te\, l he 
apex dies early; tubers ai ' few, small, 
close to the stem, often vracked, with 
flesh discolored by s(\attered brown 
specks; seed tubers tend to remain un¬ 
rotted in the ground, becoming hard and 
glassy; some of them do not germinate in 
warm soil, others produce shoc^ts that die 
before reaching the surface, giving poor 
stands. In Chrysanthemum leucauthe- 
mum var. pinnaiifidum, at first, clearing 
of veins; later, young leaves distorted, 
thick, stiff, small; petioles short, leaves 
erect, forming a rosette at the crown of 
the plant ; with passing of the early 
phases of the disease, foliage tends to 
appear nearly normal, but remains darker 
green and more erect than that of healthy 
plants; virus is recoverable both during 
and after the period of obvious disease 
and infected plants may constitute an 
important reservoir. In Trifohum in- 
carnatum L., crimson clover, experiment¬ 
ally, clearing of veins and yellowing of 
younger leaves (in summer the yellowing 
is usually replaced in part by an inter- 


veinal reddish-brown color on both leaf 
surfaces extending from the margins in¬ 
wards); dwarfing of entire plant; death 
or a chronic disease characterized by 
milder manifestations without, how’ever, 
vein enlargement or cupping of loaves. 
In Nicoliana rusiica L., experimentally, 
yellowfish primary lesions followed by 
clearing of veins and systemic chlorosis; 
the primary lesions facilitate quantitative 
estimation of concentrations of this virus. 

Tranvsmission: By inoculation of ex¬ 
pressed juice, in the presence of finely 
powdered carborundum, to Nicotiana 
rusiica: m^'chanical transmission very 
difficult in other hosts tested. By graft¬ 
ing: By clover leafhopper, Aceratagallia 
sang>nnolenta (Provancher); experiment¬ 
ally, by other closely ndated leafhoppers, 
Aceratagallia hjiaia (Baker), A. obscura 
Oman, and A curvata Oman; not (for the 
Ivpe variety of the virus) by xigallia con- 
stneta Van Dazec; very rarely by Agallia 
(piLidnpunctnta (Provancher) and Agal- 
Iwpsis novella (Sav) (CICADELLI- 
DAE). The vector Aceratagallia san- 
guinolenla remains infective as an over¬ 
wintering adult; incubation period not 
less than 6 days, commonly much longer; 
virus does not pass to progeny of virulif- 
erous leafhoppers through eggs or sperm; 
this leafhopper varies genetically in 
ability to transmit. 

Immunological relationships: No pro¬ 
tection is affordi^d against necrotic effects 
of a testing strain of this virus (var. 
Icthale Black) by prior inoculation of 
Nicoliana rusiica with isolates of Marmor 
viedxcaginis, M. cucumeris, M. upsilon, 
Annulus tabaci, A. orae, or A, dubius, 
but the varieties vulgare Black and agal- 
liae Black protect; these specifically pro¬ 
tecting strains give no similar protection 
against formation of necrotic lesions by 
subsequently applied isolates of Marmor 
labaci, M, kthalc, Annulus labaci, or A. 
orae. 

Thermal inactivation: At 50 to 52® C in 
10 minutes. 
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Filterability: Passes Berkefeld W 
filter. 

Other properties: Mrus viable at 23 
to 27® C less than 13 hours after extraction 
of juice from diseas(*d plant; not infective 
after drying in leaf tissues. 

Literature: Barrus and Chupp, Phyto¬ 
path., 1^, 1022, 123-132; Black, Am. Po¬ 
tato Jour., Ilf 1034, 148-152; Cornell 
Univ. Agr. Kxp. Sta., Mem. 209, 1937, 
1-23; Phytopath., '8, 1938, S03-874; Ajn. 
Jour. Bot., 27, 1940, 380-302; Am. Potato 
.Tour., 18, 1041, 231 -233; Phytopath., S5, 
1943 , 363-371; Cciietics, 28, 1943, 2Ut>- 
200; Proc. Am. Philos Soe., 88, 1944, 
132-144; Hansing, Cornell Univ. Agr. 
Uxp. Sta., Bull. 792, 1043; Price and 
Black, Am. Jour. Bot., 28, 1941, 591-595; 
Taylor, Am. Potato Jour., 15, 1938, 37-40; 
Walker and Larson, Jour. Agr. Res., 59, 
1939, 259-280; Wat kins, Jour. Econ. Ent., 
3S, 1939,561-564; Cornell Univ. Agr. Exp. 
Sta., Bull. 758,1941, 1-24; Younkin, Am. 
Potato Jour., 19, 1942, 6-11. 

Strains: Beside the type variety, 
Ayreogeim^s vastans var. vulgare Black 
(Am. jour. Bot., 27, 1940, 391), on which 
the species is based, two distinctive 
strains have been given varietal names: 

la. Aureoyenus vastana var. ayalliae 
Black. (Am. Potato .Jour., 18, 1941,233.) 
From New Latin Agallia, generic name of 
vector of this strain. Common name: 
New Jersey strain of ixnato yellow-dwarf 
virus. Differing from the type especially 
in its distinctive vector, the leafhopper, 
Agallia consiricta Van Duzee, which is 
incapable of transmitting the type strain, 
and in not lieing transmitted by Acerata- 
gallia sangumolcnta (Provancher), com¬ 
mon vector of the tyfjc variety. P^xperi- 
mentally, transmitted also by Agallia 
quadripunctata (Provancher); perhaps 
rarely by Agalliopsis novella (Say); 
Differing but little from the type in ef¬ 
fects on potato (var. Green Mountain) 
and Nicotiana rmtica but more definitely 
in effects on crimson clover, in affected 
plants of which a rusty-brown necrosis 


along the veins, not induced by the type 
strain, is always present in some degree. 

lb. Aurcugenus vastans var. lethale 
Black. (Am. Jour. Bot., 27, 1940, 391.) 
PVom Latin lethalis, causing death. 
Cbmmon name: Strain B5 of potato yel¬ 
low-dwarf virus. Differing from the type 
variety especially in a tendency to induce 
in Nicoiiana rustica, experimentally, 
brown primary lesions wdth necrotic gray 
centers, systemic yellowing, extensive 
necrosis of veins, collapse of large areas 
of leaf, and sometimes death of the host; 
not known to occur in nature as a separate 
strain, but readily Isolated as a variant 
from strains collected in nature. 

2 Aureogenus magnivena Black. 
(Proc. Am. Philos. Soc., 88, 1944, 144.) 
P'rom Latin inagnus, large, and vena, vein. 

Common name: Clover big-vein virus. 

Host: Experimentally, LEGUMINO- 
EAE—Tnfolium incarnatum L., crimson 
clover. 

Insusceptible species: SOLAN A- 
CEAE—Nicotiana rusiica L , Indian to¬ 
bacco; Solannm tuberosum h., potato. 

Geographical distribution: United 
States (presumably, Washington, D. C.). 

Induced disease: In crimson clover, 
experimentally, unevenly thickened 
veins which are depressed below the up¬ 
per surface of the leaf; these enlarged 
veins, best observed from below, some¬ 
times bear enations that arise from their 
lower surfaces, leaves often curl upward 
and inward marginally; in summer, yel¬ 
lowing of leaves progresses from margins 
inward, the yellow color Ixjing later re¬ 
placed in part by red or purple red; 
petioles undulating; plants dwarfed; 
internodes shortened; no clearing of 
veins; no rusty-brown necrosis. 

Transmission; Not by inoculation of 
expressed juice. By leaf hoppers, Agal- 
iiopsis novella (Say), Agallia consiricta 
Van Duzee, A, quadripunctata (Provan¬ 
cher) ; not by Aceratagallia sanguino- 
lenta (Provancher) {CICADELLIDAE), 
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3. Aureogenus clavifolium Black. 
(Proc. Am. Philos. Soc., 88y 1944, 141.) 
From Latin clava, club, andfoliumy loaf 
Common name : Clover club-leaf virus. 
Host: Experimentally, LEGUMINO^ 
SA.K Trifoliuvi mccLTnulutu L , crimson 
clover. 

Insusceptible species * SOLA NA - 
CEAE—Nicotiana ruatira L.^ Indian to¬ 
bacco ; Solarium tuberosum L., potato 
Geographical dist ribution : United 
States (Princeton, \. J.) 

Induced disease : In crimson clover, ex- 
I)erimentally, youngest leaves lighter 
green than normal, slow to unfold; leaf 

Genus V, 


margins yellowed or colored red or purple 
red; affected leaves narrow*, smooth or 
savoyed; plant dwarfed, new shoots from 
leaf axils slightly stimulated; new growth 
of spindly stems and small leaves; no 
rusty-brown necrosis of veins, no obvious 
enlargement of veins, and no obvious 
clearing of veins at the onset of disease. 

I'ransmission: Not by inoculation of 
expressed juice. By leaf hopper, AgaU 
liopsis novella (Say) {CICADELLI- 
DAE) ; not by leafhoppers, Aceratagallia 
sanguinolcnta (Provancher), Agallia con- 
striela Van Duzee, nor A. quadripunctaia 
(Provincher) {CICADELLIDAE), 

Galla Holmes 


{Loc, cit.y 106) 

Viruses of the hiji-lh\r;i.se Group, inducing diseases characterized by vascular 
proliferation. Generic iume from Latin galla, a gall nut. 

The type species is Galla fijiensis Holmes. 


A ey ^0 the species of genus Galla. 

I. Infecting sugar 'ane. 

A. Inducing foimation of conspicuous galls. 

1. Galla fijiensis. 

B, Not inducing tormation of conspicuous galls. 

2. Galla quecnslandtensis. 

II. Infecting ancMiioiK 

3. Galla anemones. 

III. Infecting peach. 

4. Galla verrucae, 

IV. Infecting corn. 

5. Galla zeav. 


1. Galla fijiensis Holmes. (Handb. 
Phytopath Viruses, 1939, 106.) From 
name of Fiji Islands. 

Common name; Fiji-dis('Jisc virus 
Host: GRAM I NEAE—Saccharum ojfi- 
rinarum L , sugar cane 

Geographical distribution . Fiji Islands, 
New South Wales, Java, Philiiipinc Is¬ 
lands, New Guinea and New* Caledonia. 

Induced disca.se. In sugar cane, galls 
on vascular bundles, formetl by proliteni- 
tion of phloem and nearby cells. Af¬ 
fected cells show* cliar.'icteristic spherical 
or oval inclusion bodies. Developing 
leaves shortened, crumpled, abnormally 


dark green. Infected stools of cane be¬ 
come bushy. Roots small, bunchy. 

Transmission: By leafhoppers, Perkin- 
siella saccharicida Kirk, (in Queensland) 
and P. vastatrix Breddin (in Philip¬ 
pine Islands) (F ULGORIDAEy sub¬ 
family Delphacinne). Not by grafting. 
Not by inoculation of expressed juice. 
Not through eggs of P. vastatrix. Cut¬ 
tings taken from affected canes produce 
.some healthy and some diseased plants, 
because virus does not become uniformly 
distributed throughout the host tissues 

Literature- Kunkel, Bull. lOxp. Sta., 
Hawaiian iSugar Planters’ Assoc., Bot. 
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Ser., 5, 1924,99-107; Lyon, ibid., S, 1921, 
1-43; Hawaiian Planters’ Hcc., 12, 1915, 
200; Mungomery and Bell, Queensland, 
Bur. Sugar Exp. Sta., Div. Path., Bull. 
4, 1933; Ocfemia, Am. Jour. Bot., 21, 
1934,113-120; Ocfemia and Celino, Phyto¬ 
path., 1939,512-517; Reinking, Phyto¬ 
path., i 1,1921,334-337. 

2. Galla queenslandiensis H. (JLoc. cii., 
109). From Queensland, where the in¬ 
duced disease was first studied. 

Common name: Sugar-cane dwarf-dis¬ 
ease virus. 

Host: GRAMINEAE—Saccharum offi- 
cinarum L., sugar cane. 

Geographical distribution: Queensland. 

Induced disease: In sugar cane, young 
leaves marked with scattered chlorotic 
streaks, leaves stiff and erect, spindle 
twisted, abnormally short and pale. As 
leaves mature, streaks disappear, leaves 
become darker than normal green. In 
recently infected plants, vascular bun¬ 
dles are enlarged, irregular in shape, fused 
and characterized by abnormal prolifera¬ 
tion of thin-walled lignified cells. 

Literature: Bell, Queensland, Bur. 
Sugar Exp. Sta., Div. Path., Bull. 3,1932. 

3. Galla anemones II. (loc. cit., 108). 
From Latin anemone, anemone or wind¬ 
flower. 

Common name: Anenione-alloiophylly 
virus. 

Hosts: RAN UNC ULACEAE—Ane¬ 
mone nemorosa L., vernal windflower; A. 
ranunculoides L.; A. trifolia L. 

Geographical distribution: Germany. 

Induced disease: Leaves thickened and 
distorted, petioles thickened. Flowers 
distorted or not formed. Vascular bun¬ 
dles larger and more numerous than in 
healthy plants. Palisade cells short, 
chloroplasts smaller and fewer than nor¬ 
mal. 

Transmission: By needle puncture into 
rhizomes immersed in filtered juice of dis¬ 
eased plant. By contamination of soil 
with fragments of diseased leaves or 
rhizomes. 


Literature: Klebahn, Bericht. d. 
Deutsch. Bot. Gesellsch., IS, 1897, 527- 
536; Ztschr. wissensch. Biol., Abt. E, 
Planta, 1, 1926, 419-440; 6, 1928, 40-95; 
Phytopath. Ztschr., 4, 1932, 1-36; 9, 
1936, 357-370. 

4. Galla verrucae Blodgett. (Phyto¬ 
path., SS, 1943, 30.) From Latin verruca, 
wart. Originally spelled verruca, ap¬ 
parently by a typographical error, which 
was corrected twice on the following page, 
once in a statement that the genitive ver¬ 
rucae had been given as specific epithet. 

Common name: Peach-wart virus. 

Host: ROSACEAE—Prunus persica 
(L.) Batsch, peach. 

Geographical distribution: United 
States (Idaho, Washington, Oregon). 

Induced disease: In peach, no charac¬ 
teristic effect on foliage. Fruits blis¬ 
tered, welted, later with warty out¬ 
growths conspicuously raised. Affected 
tissues light tan to red, rough, cracked 
and russeted, or smooth. CJumming 
usual, often severe. Warty tissue super¬ 
ficial; underlying tissues coarse, filled 
with gum pockets, but not abnormal in 
flavor. Warty tissue may be hard and 
bony, but more often it is merely tougher 
than normal. 

Transmission: By budding and in¬ 
arching. 

Literature: Blodgett, Phytopath., 31, 
1941, 859-860 (Abst.); S3, 1943, 21-32. 

5. Galla zeae McKinney. (Jour. 
Washington Acad. Sci., 34, 1944, 328.) 
From Latin zea, a kind of grain. 

Common name: Wallaby-ear disease 
virus. 

Host: GRAM IN EAE—Zea mays L., 
corn (maize). 

Geographical distribution: South¬ 

eastern Queensland, Australia. 

Induced disease: In corn (maize), 
small swellings on secondary veins on 
undersides of young leaves, spreading to 
base and tip of leaf along veins; plant 
dw'arfed, becoming abnormally deep green 
and deficient in development of pollen; 
silk, cobs, and grain retarded in growth. 
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6tmocJL<a*Eva«f(C/S°Sw Austral. 

Insl. Agr Sci., 8, 1942, 35 - 37 . 

Genua VL Fractillnea McA'innej/. 

(Jour. Washington Acad. Sci., S4, 1944, 148.) 

V iriMes Strip^Disease Group; hosts grasses; insect vectors, cicadellid and 
ful^nd leafhoppers. Generic name from Latin, meaning interrupted Ini Une 
The type species is Fraciiltnea maidis (Holmes) McKinney. 


Key to the species of genus Fractilinea. 


I. Vectors, cicadellid leafhoppers. 

1 . Fractilinea maidis. 

2 . Fractilinea oryzae. 

3. Frarltlinea tritici. 

4. Fractilinea quarta. 

II. Vectors, fulgorid leafhoppers. 

5. Fractilinea zeae. 

6. Fractilinea avenae. 


1 . Fractilinea maidis (Holmes) Mc¬ 
Kinney. {M armor maidis Holmes, 
Handb. Phylopath. Viruses, 1939 , 56; 
Fractilinea maidis Kinney, Jour. 
Washington Acad. Sci., 34, 1944, 149.) 
From New Latin mays, corn (i.e. maize). 

Common name: Maize-streak virus. 

Hosts: GRAMINEAE—Zea mays L., 
corn (maize); Digitaria horizontalis 
Willd., Eleusinc indica Gaert.; Sac- 
eharum officinarum L., sugar cane. 

Geographical distribution: Africa. 

Induced disease : In corn, pale spots at 
base of young leaf, followed by chlorotic 
spotting and streaking of subsequently 
formed leaves. Virus moves rapidly (up 
to 40 cm in 2 hours at 30° C) after intro¬ 
duction into host plant by insect. More 
virus in chlorotic siiots than in green areas 
of affected leaves. 

Transmission: By leafhoppers, Cica- 
dulina (= Balcluiha) mbila (Xaude), C 
zeae China, and C. storcyi China (CICA- 
DELLIDAE). In C. mbila ability to 
transmit this virus is controlled by a 
sex-linked dominant gene; active male 
(AX) (Y), inactive male (aX) (Y), inac¬ 
tive female (aX) (aX), active female 
(AX) (AX) or (AX) (aX). Inactive in¬ 
dividuals ingest virus when feeding, but 
can become infective only if the intestine 


i.s wounded purposely or accidentally. 
If inoculated artificially by introducin g 
virus info blood, both active and inactive 
insects become infective. Incubation 
period, 6 to 12 hours at 30° C. ^ oung not 
infected through the egg. Infective leaf- 
hopper cannot transmit virus unless feed¬ 
ing puncture exceeds a minimum period, 
about 5 minutes in duration. This virus 
has not been transmitted to its plant 
hosts by inoculation of expressed juices. 

Filtcrability: At pH 6 , passes Cham- 
berland Li and L 3 , Bcrkefeld V and N, 
fillers; retained by Seitz E K filter disc. 

Literature. Storey, Ann. Appl. Biol., 
12, 1925, 422-439; 16, 1928, 1-25; 19, 1932, 
1-5; Proc. Hoy. Soc., B, 112, 1932, 46-60; 
113, 1933, 463-485; 126, 1938, 45&-477; 
Ann. Appl. Biol., 21, 1934, 588-589 ; 24, 
1937, 87-94; ICast Afr. Agr, Jour., 1, 1936, 
471-475; Storey and McClean, Ann. Appl. 
Biol., 17, 1930,691-719. 

Strains* Two strains that differ radi¬ 
cally from the tyjKi, var. typicum H. 
(loc. cit., 56), have been given varietal 
names, as follows: 

la. Fractilinea maidis var. sacchari H. 
{foe. cit., '57). From New Ijatin Sac- 
eharum, generic name of sugar cane. 
Gommon name: Cane-streak strain of 
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maize-streak virus. Differing from the 
type strain in being specialized for at¬ 
tacking sugar cane, in which the type 
(from maize) tends to be localized or 
finally lost with resultant spontaneous 
recovery of the temporary host. The 
cane-streak strain usually spreads readily 
in the cane plant; leaves become much 
marked with broken, narrow, pale, longi-, 
tudinal stripes and spots; stems remain 
unaffected. One variety of sugar cane, 
P.O.J. 213, is resistant and, if infected, 
tends to recover. (McClean, Intern. 
Soc. Sugar Cane Techn., Bull. 27, 1932; 
Proc. So. Afr. Sugar Techn. Assoc., 1936, 
1-11; Storey, Kept. Imp. Bot. Conf., 
London, 1924, 132-144; Union So. Afr. 
Dept. Agr., Sci. Bull. 39,1935; Ann. Appl. 
Biol., 17,1930, 691-719. 

lb. Fractilinea maidis var. miiis H. 
(loc. ciLf 58). From Latin miiiSy mild. 
Common name: Mottle strain of maize- 
streak virus. Differing from the typical 
strain by the mildness of the disease in¬ 
duced in corn (maize), transitory chlo¬ 
rotic mottling of newly developed leaves, 
followed by fading of mottling and pro¬ 
duction of apparently normal leaves. 
Young leaves, while mottled, are less 
rigid than normal and may not remain as 
nearly erect as healthy leaves. (Storey, 
Ann. Appl. Biol., Uy 1937, 87-94.) 

2. Fractilinea oryzae (Holmes) comb, 
•nov. (Marmor oryzae Holmes, loc. cii.y 
64.) From Latin oryzOy rice. 

Common name: Bice dwarf-disease 
virus. 

Hosts: QRAMINEAE — Oryza saliva 
L., rice. Experimentally, also Alopc- 
curus fulvua L.; Avena saliva L., oat; 
Echinochloa crusgalli Beauv. var. edulis 
Honda; Panicum miliaceum L,; Poa 
praUnsis L.; Secale cerealc L., rye; 
Triticum vulgare Vill., wheat. 

Insusceptible species; ORAMINEAE 
—Zea mays L., corn (maize); Hordeum 
vulgare L., barley; Seiaria italica Beauv., 


foxtail millet; Andropogon sorghum Brot. 
(so Holcus sorghum lj.)y Borghum. 

Geographical distribution: Japan, Phil¬ 
ippine Islands. 

Induced disease: In rice, yellowish 
green spots along veins of young leaf, fol¬ 
lowed by chlorotic spotting and streaking 
of subsequently formed leaves. Growth 
stunted, internodes and roots abnormally 
short, forming a dwarf plant. Vacuolate 
intracellular bodies, 3 to 10 by 2.5 to 8.5 
microns in size, close to nuclei of cells in 
affected tissues. 

Transmission: By leafhoppers, Nepho- 
lellix apicalis var. cincticeps Uhler, N. 
bipunctatus Fabr., and Dellocephalus dor- 
salisMotsch. (CICADELLIDAE). Vi¬ 
rus transmitted through some of the eggs 
but through none of the sperm of infected 
individuals of N. apicalis. Transfer 
from individuals thus infected through 
the egg to their progeny likewise demon¬ 
strated, even to the 7th generation. This 
is the only confirmed instance of trans¬ 
mission of a phytopathogenic virus 
through the eggs of an insect vector and 
is considered as evidence that the virus 
multiplies within the body of its vector as 
well as in its plant hosts. Incubation 
period in insect usually 30 to 45 days after 
first feeding on an infected plant, some¬ 
times as short as 10 or as long as 73 days; 
nymphs from viruliferous eggs do not be¬ 
come infective until 7 to 38 (average 19) 
days after emergence. Transmission by 
inoculation of expressed juice has not 
been demonstrated. No transmission 
through seeds from diseased rice plants. 
No soil transmission. 

Literature: Agati ct al., Philippine 
Jour. Agr., 12y 1941, 197-210; Fukiishi, 
Trans. Sapiioro Nat. Hist. Soc., 12y 1931, 
35-41; Proc. Imp. Acad., Tokyo, P, 1933, 
457-460; Jour. Fac. Agr. Hokkaido Imp. 
Univ., S7y 1934, 41-164; Trans. Sapporo 
Nat. Hist. Soc., 15, 1934, 162-166; Proc. 
Imp. Acad., Tokyo, II, 1935, 301-303; 
15, 1937, 328-331; 15, 1939, 142-145; 
Jour. Fac. Agr. Hokkaido. Imp. Univ., 
1940, 83r-154; ICatsura, Phytopath., 
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26, 1936, 887-895; Takata, Jour. Japan 
Agr. Soc., 171, 1895, 1-4; m, 1896, 13-32 
(Takata’s papers, in Japanese, constitute 
the first published record of transmission 
by an insect of a virus causing disease in 
a plant, the leaf hopper Deltocephnlua dor¬ 
salis Motsch. transmitting dwarf-disease 
virus to rice; see Fukuslii, 1937, cited 
above). 

3. Fractilinea trltici McKinn(‘y (Jour 
Washington Acad Sci , 1944, 327 ) 

From Latin triticum, wheat. 

Common name: Winter-wheat mosaic 
virus. 

Hosts: GRAMINEAE- Trtiicum aes- 
tivvm L., w'heat; Secale cereale L., rye, 
Avena byzantina\ A. faiua L., wild ont; 
A. saliva L., oat; Hordeum vulgare 1^ , 
barley. 

Geographical distribution* Union of 
{Soviet Socialist Republics. 

Induced disease: In winter wheat and 
rye, chlorotic mottling; profuse branch¬ 
ing. In winter wheat, phloem necrosis; 
chloroplasts few, small; cacuolalc inclu¬ 
sions in cells; nuclei enlarged and with 
extra nucleoli; no protein crystals of the 
pupation-disease type in affected cells. 
In spring wheat, barley, an<l oats, chlo¬ 
rotic mottling without profuse branching; 
no proliferation of flowers, but grain is 
rarely formed, most infected plants <iving 
before this stage of growth. 

Transmission: By leafhopper, Dclto- 
cephalus striatus L. (CICA BELLI DAL), 
with incubation period of 15 to 18 days. 
Not by inoculation of expressed juice 
Not through soil. 

Literature: Zazhurilo and Sitnikova, 
Compt. rend. Acad. Sci. U. R. 

1939, 798-801; 26, 1940, 474-478; 29, 1940, 
429-432; Proc. Lenin Acad. Agr. Sci , L. 
R. S. S.,^, 1941,27-29. [Rev. Appl.Myc., 
19, 1940, 268; 20, 1941, 157 , 396 ; 22, 1943, 
59). 

4. Fractilinea quarta (Holmes) comb, 
nov. (Marmor quartum Holmes, loc. cii-t 
66.) From Latin quartus, fourth. 


Common name: Sugar-cane chlorotic- 
streak virus or fourth-disease virus. 

Host: GRAMINEAE—Saccharum offi~ 
cinarum L., sugar cane. 

Geographical distribution: Java, 
Queensland, Hawaii, Puerto Rico, Colom¬ 
bia, United States (Ijouisiana). 

Induced disease: In sugar cane, reduc- 
t ion of growth rate; wilting at midday; 
long, narrow, longitudinal streaks, of 
creamy or white color, in the leaves. 
Streaks 1/16 to 3/16 inches wide, gen¬ 
erally le.ss than 1 foot long, fragmenting. 

Transmission: By leafhopper, Draecu- 
lacephala porlola Ball {CICADELLI- 
DAE) Not demonstrated by inocula¬ 
tion of expressed juice. 

Thermal inactivation: In cuttings, at 
52° (Mil less than 20 minutes. 

Literature: Abbott, Phytopath., 28, 
1938, S55-857; Sugar Bull., 16, 1938, 3-4; 
A})lx)tt and Ingram, Phytopath., S2, 1942, 
99-100; Bell, Queensland Agr. Jour., Jft, 
1933,460-464; Martin, Hawaiian Planters' 
Rec., 34, 1930, 375-378; Hawaiian Sugar 
Planters' Assoc. Proc., 33,1934,24-35. 

5. Fractilinea zeae (Holmes) comb, 
nov. (Marmor zeae Holmes, loc. cit., 59.) 
From New Latin Zea, generic name for 
corn (in.aizc), from Latin zea, a kind of 
grai n 

Common name: Maize-stri|)e virus. 
Host: GRAMINEAE—Zea mays L., 
corn (maize). 

Insusceptible species: GRAMINEAE 
—Saccharum officinarum L., sugar cane. 

Geographical distribution: Hawaii, 
Tanganyika, Mauritius, Trinidad, Cuba. 
Not in United States. 

Induced disease: In corn (maize), at 
first few, elongated, chlorotic lesions near 
base of young leaf, later enlarging and fus¬ 
ing to form continuous stripes. Subse¬ 
quently formed leaves banded and striped 
variously. Vacuolate intracellular in¬ 
clusions in cells of affected areas. 

Transmission: By leafhopper, Pere- 
qrinm maidis (Ashm.) {FULOORl- 
DAE) ; the incubation period in this in- 
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sect is usually between 11 and 29 days, 
although shorter periods have been dem¬ 
onstrated in a few cases. Virus may per¬ 
sist in the insect host until death, but 
may become exhausted earlier. Not by 
aphid. Aphis maidis Fitch {APHIDI- 
DAE), Not by inoculation of expressed 
juice. 

Literature: Briton-Joncs, Trop. Agr., 
10, 1933, 119-122; Carter, Ann. Ent. Soc. 
Am., 5-f, 1941, 551-556; Kunkel, Bull. 
Hawaiian Sugar Planters’ Assoc., Bot. 
Ser., 5, 1921, 44-57; 1924, 108-114; 
Hawaiian Planters’ Rec., 26, 1922, 

58-64; Phytopath., 17, 1927 , 41 (Abst.); 
Stahl, Trop. PI. Res. Found., Bull. 7, 
1927; Storey, Rept. of Plant Pathologist, 
Amani Agr. Res. Station, 4th Ann. 
Rept., 1931-32, pp. 8-13. 

6. Fractilinea avenae McKinney. 
(Jour. Washington Acad. Sci., $4, 1944, 
327.) From Latin avena, oats. 

Common name: Pupation-disease virus. 
Hosts: ORAM INEAE—Avena saliva 
L., oat; Triticum aesiivum L., wheat; 


Echinochloa crusgalli Beauv.; Setaria 
viridis; rarely, Agropyron repens (L.) 
Beauv. and Bromus inertnis I^eyss. Ex¬ 
perimentally, also Hordeum vulgare L., 
barley; Panicum miliaceum L., millet; 
Oryza saliva L., rice; Secale cereale L., 
rye; Zea mays L., corn (maize). 

Geographical distribution: West Si¬ 
beria. 

Induced disease- In oat, chlorotic 
mottling, profuse development of shoots, 
proliferation of flowers with change to 
leaf-like structures Protein crystals in 
affected cells have been regarded as 
accumulated virus. 

Transmission: By leafhopper, Delphax 
slrialella Fallan (FULGORIDAE), es¬ 
pecially first and second instar nymphs; 
fifth instar nearly immune to infection. 
Incubation period, 6 days or more. Virus 
overwinters in insect as well as in plants. 
Not transmitted from an infected leaf- 
hopper to its progeny. Not through soil. 
Not through seeds from infected plants. 

Literature: Sukhov et al., Compt. rend. 
Acad. Sci., U. R. S. S., 20, 1938, 745-748; 
26, 1940, 479^82, 483-486. 
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family II. MARMORACEAE HOLMES EMEND. 

(Handb. Phytopath. Viruses, 1939, 16.) 

chlorotic or nec*^k^mu^e usually characterized by persistent 

include 

but sharing a tendency to ShYd tSisiri^r'^T 

characterized by abnormal erowth habit th* v *' ^ ^ diseases 

traits not incomn^tiKio . -.k *i " thickening and rolling of leaves, or dwarfing, 

t W .r! n characters of the present group. Shou d any one of 

inrh^e .r«S -I ^ ^ advantageous. In the combined group- 

g e used, specific vectors, so far as known, are aphids (AP fllDIDAE). 

Key to the genera of family Marmoraceae. 


Viruses of the Typical Mosaic-Disease Group. 

Genus I. Marmot^ p. 1163. 

Viruses of the Spindle-Tuber Group. 

Genus II. Acrogenus, p. 1202. 
Viruses of the Leaf-Roll Group. 

Genus III. Corium, p. 1203. 

Viruses of the Dwarf -Disease Group. 

Genus IV. Nanus, p. 1206. 

V. Viruses of the RouKh-Bark Group. 

Genus V. Rimocortius, p. 12as. 
Viruses of the Svmptomless Group. 

Genus VT Adelonosus, p. 1211. 


II 


III 


IV 


VI 


Genus I. Marmor Holmes. 

(Loc, cit.y 16) 

Viruses inducing typical mosaic diseases in various plants. Generic name from 
Latin marmor, a mottled substance. 

'T'he type species is Marmor tahaci Holmes. 

Key to the groups within genus Marmor. 

A. Relatively resistant to heat inactivation, usually requiring more Ilian 10 

minutes at 85 to 90® C for complete inactivation. 

1. Tobacco-Mosaic Virus Group. 

B. Relatively susceptible to heat inactivation, requiring less than 10 minutes at 

85 to 90® C for complete inactivation, 
a. Replacing potato-veinbandvng virus in mi.ved infections. 

2. Tobacco-Etch Virus Group. 

aa. Not replacing potato-vcinbaiiding virus in mixed infections. 

3. Cucumber-Mosaic Virus Group. 

C. Many additional species cannot yet be grouped into definite subdivisions of 

the genus; they constitute a residual or 

4. Miscellaneous Mosaic-Virus Group. 


Key to the species of the Tobacco^Mosaic Virus Group. 

Viruses relatively resistant to heat inactivation, requiring in most cases more than 
10 minutes at 85 to 90® C for complete inactivation. Insect vectors as yet unknown 
under natural conditions. 
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I. Found in nature principally in solanaceous plants; Cucurbitaceae insus¬ 
ceptible. Chlorotic mottling in some hosts, necrotic lesions in others as 
result of experimental infection. Suspensions show anisotropy of flow. 

1. Marmor tabaci. 

2. Marmor constans. 

II. Found in nature only in cucurbitaceous plants; Solanaceae insusceptible. 
Only mottling as result of experimental infection. Suspensions show 
marked anisotropy of flow. 

3. Marmor astrictum. 

III. Found only in leguminous plants Chlorotic lesions in some varieties of the 

common snap-bean plant, necrotic lesions in others, as a result of experi¬ 
mental infection. 

4. Marmor laesio/aciens. 

IV. Found in greenhouses confined to roots and lower parts of plants. Only 

necrotic lesions as result of experimental infection. Suspensions do not 
show anisotropy of flow. 

5. Marmor leihale. 

V. Found in tomato ai d experimentally transmissible to a number of species of 
plants in this and other families. Resembling the preceding in a number 
of physical characteristics, including failure to show anisotropy of flow. 

5a. Marmor dodecahedron. 

1. Marmor tabaci Holmes. (Holmes, no symptoms, virus being restricted to 

Handb. Phytopath. Viruses, 1939, 17; inoculated leaves or those nearby. 

Musivum tabaci Valleau, Phytopath., SO, Strains of tobacco showing necrotic ef- 

1940, 822; Phytovirm nicornosaicum fects have been produced recently. In 

Thornberry, Phytopath., S/, 1941, 23.) tomato, no obvious primary lesions, sys- 

From New Latin Tahacum, early generic temic disease characterized by greenish- 

name for tobacco. yellow mottling of foliage, moderate dis¬ 
common names: Tobacco-mosaic virus, tortion of leaf shape, and a reduction of 

tomato-mosaic viru.s. fruit yield not c.xcecding 50 per cent. If 

Hosts : SOLANACEAE—Nicotiana some strain of potato-mottle virus (Mar- 

tabacum L., tobacco; Lycopersicon esev- is also present, a more severe 

lentum Mill., tomato; and Capsicum disease is induced; this is known as 

frutescens L., garden pepper, among crop double-virus streak, and is characterized 

plants; nearly all, if not all, solanaceous by systemic necrosis. In most varieties 

plants can be infected, although in some of garden pepper, yellowish primary 

the virus remains localized at or near the lesions followed by systemic chlorotic 

site of inoculation. PLANT AGIN A- mottling. In the Tabasco pepper and its 

CEAE —A strain of this virus has been recent derivatives, recovery by abscission 

found in nature infecting Plantago lance- of inoculated leaf, after localization of 

olata L., ribgrass, P. major L. and P. virus in necrotic primary lesions. Vacu- 

rugelii Dene., common broad-leaved olatc intracellular inclusions are found 

plantains. Experimental hosts are widely in chlorotic tissues of all hosts that show 

distributed through many related families distinct chlorotic mottling, 

of plants. Transmission: By slight abrasive con- 

Geographical distribution: World-wide, tacts. By inoculation of expressed juice. 
Induced disease: In most varieties of To some extent by the aphids, Myzua 
tobacco, yellowish-green primary lesions, paeudosolani Theob., M, circumflexua 
followed by clearing of veins, distortion (B\ickt,),Macro8iphumsolanifeliiAahm.^ 
and greenish-yellow mottling of newdy and Myzua peraicae (Sulz.) {APHIDI- 
formed leaves. In Ambalema tobacco, DAE), By grafting. Through soil. 
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Through dodder, Cuscula campesiria 
Yuncker (CON VO LVU LACE A E), with¬ 
out infecting this plant vector. Not 
through pollen from diseased plants. 
Not through seeds from (Ii8oas(*(i tobacco; 
seed transmission has been rc|X)rted in 
the case of recently ripened seeds from 
diseased tomato. 

Serological relationships * Precipitin 
test gives cross reactions between all 
known strains, except those characterized 
by failure to spread systemically in to¬ 
bacco. No cross reactions with other 
viruses except weakly with cucurbit- 
mosaic virus (Marmor astrictum). Type 
and other strains of tobacco-mosaic virus 
give cross reactions in complement-fixa¬ 
tion and neutralization tests. 

Immunological relationships: Plant 
protection tests, particularly in Nicoliana 
sylvestria Spegaz.and Comes, have dem¬ 
onstrated that tissues invaded by any 
strain of this virus are immune subse¬ 
quent infection by the tomato aucuba- 
mosaic strain of tobacco-mosaic virus, 
indicating a group relationship not shared 
by other viruses, such as cucumber- 
mosaic virus or tobacco-ringspot virus. 

Thermal inactivation: At 88 to 93° C 
in 10 minutes; at 86 to 92° C in 30 minutes. 

Filterability: Tobacco-mosaic virus 
was the first virus shown to be filterable, 
by Iwanow’ski in 1892; its filterability w^as 
confirmed and interpreted by Peijerinck 
in 1808. 

Other properties: The ultimate parti¬ 
cles of tobacco-mosaic virus have been 
shown to be rod-shaped and isotropic, 
sometimes associated in pairs, end to end. 
Under proper conditions, thread-like 
paracrystals are formed. Specific gravity 
has been determined as about 1 37, re¬ 
fractive index as about 1 6. Isoelectric 
point between pH 3.2 and 3 5. Suspen¬ 
sions in media of lower refractive indices 
show anisotropy of flow. Sedimentation 
constants, at 20° C, 187 X lO"^’ cm per 
sec. per dvne at infinite dilution for un¬ 
aggregated virus and 216 X lO"^* cm per 
sec. per dyne for associated particles. 
The computed average length of the virus 


unit is about 272 millimicrons; diameter, 
13.8 millimicrons. Electron micrographs 
show that characteristic particles are rod- 
like, betw'een 10 and 20 millimicrons in 
w'idth, variable in length, but in some 
preparations av(*raging 270 millimicrons 
in length for single units, 405 to 540 milli¬ 
microns in length for associated pairs; 
X-ray measurements in air-dry gel show' 
width 15.20 d: 0 05 millimicrons. Solu¬ 
tions stronger than about 1.3 per cent sep¬ 
arate into layers, the lower spontaneous^' 
doubly refracting and more concentrated 
than the upper. At concentrations of 
electrolytes somewhat less than are re¬ 
quired to precipitate the virus as fibres 
or needle-shaped paracrystals, the solu¬ 
tions form 'dear gels that become fluid 
on shaking or diluting (at pH 7 and 30® 
C). The virus is destroyed by high-fre¬ 
quency sound radiation, by pressures be¬ 
tween 6000 and 8000 kilograms per square 
centimeter, and by hydrogen ion con- 
centrations al>ove pH 11 or below' pH 1. 
It is relatively stable betw’ecn pH 2 
and pH 8. It is rapidly broken dowm in 
6 M urea solutions, in the presence of 
salts, to low'-molecular weight compo¬ 
nents devoid of activity. Analysisof puri¬ 
fied virus: carbon 47.7 per cent, hydrogen 
7.35 per cent, nitrogen 15.9 per cent, sul¬ 
fur 0 24 per cent, phosphorus 0.60 per 
cent, lipoid 0.0 per cent, carbohydrate 1.6 
to 2.0 per cent A revised estimate of the 
sulfur contoni is 0 20 i>er cent, probably 
all in cysteine; no methionine has been 
detected in the typical variety of this 
virus. The percentag.'s of the following 
substances in the virus are* tyrosine 3.9, 
tryptophane 1.5, prolino 4 6, arginine 9.0, 
phenylalanine 6.0, serine 6.4, threonine 
5 . 3 ,cysteine 0 68,alanine 2.4,aspartic acid 
2.6, glutamic acid 5.3, leucine 6.1, valine 
3 9, nucleic acid 5.8, and amide nilix>- 
gen 1 9> collectively accounting for 
about 68 per cent of the total W’eight. 
yirus formation ceases in infected host 
tissues immersed in 0.0002 molar sodium 
cyanide solution, beginning again after 
removal of cyanide. 
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Literature: The literature dealing with 
tobacco<mosaic virus is too voluminous to 
permit citation of more than a few repre¬ 
sentative publications. Allard, U. S. 
Dept. Agr., Bull. 40, 1914; Bawden and 
Pirie, Proc. Roy. Soc. London, Ser. B., 
12S, 1937, 274-320; Beale, Jour. Exp. 
Med., 64y 1931, 463-473; Beijerinck, Ver- 
handel. Konink. Akad. We tense happen 
te Amsterdam, II, 6, 1898, 3-22; Grant, 
Phytopath., 24^ 1934, 311-336; Hoggan, 
Jour. Agr. Res., 4^, 1934, 1135-1142; 
Iwanowski, Bull. Acad. Imp. Sci. St. 
Petersburg, Ser. 4, 3,1892, 67-70; Jensen, 
Phytopath., 23, 1933, 964-974; Johnson, 
Science, 64, 1926, 210; Kausche et al., 
Naturwiss., 37, 1939, 292-299; Knight, 
Jour. Biol. Chem., 1^7, 1943, 663-666; 
Kunkel, Phytopath., 34, 1934, 437-466; 
Lauffer, Jour. Am. Chem. Soc., 63, 1944, 
1188-1194; Price, Phytopath., 33, 1933, 
749-769; Stanley, Phytopath., 36*, 1936, 
305-320; Takahashi and Rawlins, Proc. 
Soc. Exp. Biol, and Med., 30, 1932, 155- 
157; Valleau and Johnson, Kentucky Agr. 
Exp. Sta., Bull. 376, 1937; Vinson, Sci¬ 
ence, 66, 1927, 357-358; Woods, Science, 
91, 1940, 295-296. 

Strains: A great number of variant 
strains have been isolated both experi¬ 
mentally and from plants infected in 
nature. These usually share with the 
type variety most of the fundamental 
properties, particle size, especially width, 
stability at relatively high temperatures, 
longevity in storage, some common anti¬ 
gens. The following have been distin¬ 
guished from the type, var. vulgare H. 
(foe. cit., 17), by varietal names: 

la. Marmor tabaci var. aucuha H. {loc. 
cit., 20). A group of isolates producing 
necrotic local lesions in inoculated leaves 
of Nicotiana sylvestris Spegaz. and 
Comes; useful in identifying many other 
strains of this virus which on prior ap¬ 
plication protect the tissues of this plant 
from the necrotic effects of aucuba-type 
strains (Smith, Ann. Appl. Biol., 18, 
1931, 471-493; Kunkel, Phytopath., 34, 
1934, 437-466). 


lb. Marmor tabaci var. deformans H, 
(loc. cit., 22). Producing exceptionally 
severe malformation of tomato foliage. 
(Ainsworth,* Ann. Appl. Biol., 34, 1937, 
545-566). 

l c. Marmor tabaci var. canadense H. 
{loc. cit., 23). Producing a necrotic type 
of streak disease in tomatoes (Jarrett, 
Ann. Appl. Biol., 17, 1930, 248-259). 

l d. Marmor tabaci var. lethale H. {loc. 
cit., 24). Producing spreading necrotic 
lesions in tobacco and tomato under ex¬ 
perimental conditions (Jensen, Phyto¬ 
path., 37,1937,69-84; Norval, Phytopath. 
28, 1938, 675-692). 

Ic. Marmor tabaci var. plantaginis H. 
(Phytopath., SI, 1941, 1097). Specially 
adapted in nature for systemic spread in 
species of Plantago. ' This variety con¬ 
tains histidine (0.55 per cent) and methi¬ 
onine (2 per cent) not found in the,type 
of the species. 

l f. Marmor tabaci var. obscurum H. 
(Handb. Phytopath. Viruses, 1939, 25). 
Systemic in tobacco without producing 
obvious disease under experimental con¬ 
ditions (Holmes, Phytopath., 34, 1934, 
845-873; 26, 1936,896-904; Jensen, Phyto¬ 
path., 37, 1937, 69-84). 

l g. Marmor tabaci var. immobile H. 
{loc. cit., 26). Produces chlorotic pri¬ 
mary lesions in experimentally infected 
tobacco, but rarely becomes systemic. 
(Jensen, Phytopath., 23, 1933 , 964-977; 
37, 1937, 69-84). 

l h. Marmor tabaci var. artum H. {loc. 
cit., 27). Necrotic lesions experiment¬ 
ally induced in Nicotiana glutinosa L. 
{SOLA NACEAE) are much smaller than 
those of the type variety (Jensen, Phy¬ 
topath., 37, 1937, 69-84). 

li. Marmor tabaci var. siccans Doolittle 
and Beecher. (Phytopath., 33, 1942, 
991). Causing necrosis and shriveling of 
tomato foliage. 
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2. Marmor constans McKinney. 
(Jour. Washington Acad. Sci., 34 , 1944, 
326.) From Latin constans j fixed. 

Common name: Tobacco mild dark- 
green mosaic virus. 

Hosts: SOLA N ACEAE—Nicoliana 

glauca R. Grab., tree tobacco 

Insusceptible species: SOLA A'A- 
CEAE—Lycopersicon esculenlum Mill , 
tomato. CVCVRHITA CEA E~— 

Cucumis sativus L., cucumber. 

Geographical distribution* Islands of 
Grand Canary and TencrifTc. 

Induced disease: In Nicoliana glavca, 
systemic chlorotic mottling. 

Transmission: By inoculation pf ex¬ 
pressed juice No insect vector is 
known. 

Thermal inactivation: At about 86°C. 
in 10 minutes. 

Literature: McKinney, Jour. Agr. 
Res., S9, 1929, 557-578: Am. Jour 
Bot., 1941, 770-778; iVte».son and 
McKinney, Phytopath , iiS. 1938, 329- 
342; Thornberry and M< 1 iniiey ibid, 
29, 1939, 2,50-260. 

3. Marmor astrictum Holmes. 
(Holmes, Hancib. Phytopatli. Viruses, 
1939, 27; Mnsivum astrictum Valleau, 
Phytopath., 30, 1940, 823.) From Latin 
astricius, limited, in reference to host 
range. 

Common names: Cucurbit-mosaic 

virus, English cucumber-mosaic virus. 

Hosts: CUCURBIT ACE AE—Cucu^ 
mis sativus L., cucumber; C. anguria L., 
gherkin; C. rnelo L., melon; Citrullus vul¬ 
garis Schrad., watermelon; only cucur- 
bitaceous plants have appeared to be 
susceptible thus far. 

Insusceptible species: All tested sol- 
anaceous species. CUCl RBITA- 
CEAE—Bryonia dioica L.; Cucurbita 
pepo L., vegetable marrow. LEGU- 
MINOSAE—Phaseolus vulgaris L. var. 
Golden Cluster. 

Geographical distribution: England. 

Induced disease : In cucumber, clearing 
of veins and crumpling in young leaves, 
followed by a green-mosaic mottling, with 


blistering and distortion of newly formed 
leaves. Plant stunted. Fruit un¬ 
marked or slightly mottled. Diseased 
plants less obviously affected during win¬ 
ter months. 

Transmission: By inoculation of ex¬ 
pressed juice. No insect vector is 
known. 

Serological relationships: Weak cross 
precipitin reactions and full cross-neu 
tralization reactions with tobacco-mosaic 
virus {Marmor tabaci). Two common 
antigens postulated. Preparations of vi¬ 
rus that have been inactivated by treat¬ 
ment with nitrous acid or X-rays are still 
antigenic. 

Thermal inactivation: At 80 to 90® C in 
10 minutes. 

Filterability: Passes Pasteur-Cham- 
berland filters Li to L7, and membranes 
of 150 millimicrons average pore diameter. 

Other properties: Virus, infectious in 
dilution of 10"'°, is present to the extent 
of 0.2 to 0.3 gram per liter of juice from 
diseased plants. Preparations show 
sheen and anisotropy of flow, indicating 
rod-shaped particles. Solutions stronger 
than 2.5 per cent separate into 2 layers at 
room temperature, the lower being the 
more concentrated and birefringent. 
Precipitates with ammonium sulfate show 
needle-shaped paracrystals. Sedimenta¬ 
tion constants S 20 ® = 173 X 10“^* cm. 
sec.”^ dyne“^ and about 200 X 10“^^ cm. 
sec."^ dyne“V Virus withstands drying 
without inactivation but with partial loss 
of ability to show* anisotropy of flow and 
wdth reduction of serological activity to 
alx)ut half. Tryptophane content 1.4 
per cent, phenylalanine 10.2 per cent, 
the first lower and the second higher than 
in tobacco-mosaic virus. 

Literature: Ainsworth, Ann. Appl. 
Biol., 22, 1935, 55-67; Bawden and Pirie, 
Nature, 1S9, 1937, 546-547; Brit. Jour. 
Exp. Path., 18, 1937, 275-291; Knight, 
Arch. Virusf., 2, 1942, 260-267; Knight 
and Stanley, Jour. Biol. Chem., Ul, 1941, 
29-38; 141 , 1941, 39-49; Price, Am. Jour. 
Bot., 27, 1940, 530-541; Price and Wyc- 
koff. Nature, 4f, 1938, 685. 
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Strains: A distinctive strain has been 
distinguished from the type, var. chloro- 
genus H. (loc, cit., 27), by the varietal 
name; 

3a. Marmor astrictuin var. aucuba H. 
(loc, city 29). Differing from the type of 
this species by inducing a yellow-mottl¬ 
ing, rather than a green-mottling, mosaic 
in cucumber (Ainsworth, .Ann. Appl. 
Biol., 1935, 55-67). 

4. Mannor laesiofaciens Zaumeyer and 
Harter. (Jour. Agr. Res., 67^ 1943, 305.) 
From Latin laesio, substantive from 
laedere, to injure, and participle from* 
facersy to make. 

Common name : Bean-mosaic virus 4; 
southern bean mosaic virus 1. 

Hosts: LE G UMI NOS A E—Phaseol us 
vulgaris L., bean. Experimentally, also 
Phaseolus Innatus L., sieva bean; Soja 
max Piper var. Virginia, Virginia soy 
bean. 

Insusceptible species: All tested spe¬ 
cies in families other than the LEOU- 
MINOSAE. 

Geographical distribution: United 
States (Louisiana). 

Induced disease: In bean, systemic 
chlorotic mottling in some varieties, 
localized necrosis in others; in a few 
varieties, systemic necrosis. In mot- 
tling-type varieties, chlorotic mottling of 
foliage; pods marked by dark green 
blotches or shiny areas, slightly mal¬ 
formed, short, frequently curled at end. 
In necrotic-type varieties with localized 
response, bearing a dominant gene lacking 
in mottling-type varieties, reddish ne¬ 
crotic lesions at the site of inoculation; no 
evidence of systemic spread of virus. In 
varieties showing systemic necrosis, pin¬ 
point or slightly larger necrotic primary 
lesions with veinal necrosis of inoculated 
leaf; systemic veinal necrosis, distortion 
and curling of affected leaves, drooping 
at the pulvini; stem and petiole streak; 
eventual death of plant. 

Transmission: By inoculation of ex¬ 
pressed juice. Through seeds from in¬ 
fected plants. 


Serological relationships: Not demon¬ 
strated. 

Immunological relationships: Previous 
infection with bean-mosaic virus, Marmor 
phaseoliy does not protect against infec¬ 
tion with this virus. 

Thermal inactivation: At 90 to 95® C, 
time not stated, probably 10 minutes. 

Other properties: Withstands dilution 
of 1:500,000 and aging 32 weeks at 18® C. 

Literature : Zaumeyer and Harter, Phy¬ 
topath., S2y 1942, 438-439; 53, 1943, 16; 
34, 1944 , 510-512; Jour. Agr. Res., 37, 
1943, 295-300, 305-328. 

Strains: A strain differing from the 
type.has been given the varietal name: 

4a. Marmor laesiofaciens var. minus 
Zaumeyer and Harter. (Jour. Agr. Res., 
6*7,1943,305.) From Latin minory lesser. 
Differing from the type by inducing 
formation of slightly less diffuse and 
spreading lesions in necrotic-type bean 
leaves; also by inducing milder early 
symptoms and more severe late symptoms 
in mottling-type beans. Passes through 
seeds from infected plants to infect seed¬ 
lings grown from them. Found in addi¬ 
tional localities in the United States 
(California, dJolorado, Idaho, Maryland). 

5. Marmor lethale H. {loc. cil.y 86). 
From Latin lelhaliSy causing death. 

Common name: Tobacco-necrosis virus. 

Hosts: SOLAN ACE AE—Nicotiana 
tabacum L., tobacco; N. glutinosa L.; N. 
langsdorffii Weinm.; Lycopersicon escu- 
lentum Mill., tomato; Solanum nigrum 
L. COMPOSITAE—Aster. GERANI- 
ACE AE—-Pelargonium hortorum Bailey. 
LEG U MINOSAE—Phaseolus vulgaris 
L.y bean. Confined to roots of these 
natural hosts except in the cases of 
Nicotiana tabacum and N. glutinosa in 
which lower leaves are sometimes in¬ 
vaded ; necrotic lesions along midrib and 
larger veins in these. No obvious mani" 
festations of disease in infected roots. 
Experimentally to plants in many fami¬ 
lies with production of localized necrotic 
lesions only. 
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Geographical distribution: England, 
Scotland, Australia. This virus has been 
found only in greenhouses. 

Induced disease: In tobacco, necrosis, 
of midrib and larger veins of first-de¬ 
veloped pair of leaves, between Novem¬ 
ber and February. Virus also in roots 
of many healthy-looking plants through¬ 
out the year. Upon artificial inoculation 
of foliage, numerous small brown necrotic 
local lesions are produced. Yield of virus 
from infected plant 0.02 mg per cc of ex¬ 
pressed juice, on the average. 

Transmission: By contamination of soil 
with virus. No insect vector is known. 
Experimentally, by inoculation of ex¬ 
pressed juice. 

Serological reactions: Precipitates with 
homologous antiserum. No cross reac¬ 
tion with tomato bushy-stunt or tobacco- 
mosaic viruses. 

Immunological relationships; Protcc • 
tion tests show lack of roiationship to 
tobacco-mosaic virus, tobacco-ringspot 
virus, tomato-ringspot virus, cucumber- 
mosaic virus, and the severe-etch strain 
of tobacco-etch virus. 

Thermal inactivation; At 90 to 92® C 
in 10 minutes. 

Filterability: Average particle diame¬ 
ter 20 to 30 millimicrons as determined by 
filtration through Gradocol membranes; 
other reports give diameter as 13 to 20 
millimicrons by filtration (14 to 19 milli¬ 
microns by radiation experiments, about 
20 millimicrons from electron micro¬ 
graphs). 

Other properties: Infectious after stor¬ 
age for months in dried leaves and after 
storage for half a year in absolute ethyl 
alcohol at room temperature. Specific 
gravity 1.3. More soluble in ammonium 
sulfate solutions at 0® C than at room 
temperature. Composition: Carbon 44.8 
to 46.3 per cent, nitrogen 15.6 to 16.6 per 
cent, hydrogen 6.5 to 7.0 per cent, phos¬ 
phorus 1.4 to 1.7 per cent, sulfur 1.1 to 
2.0 per cent, carbohydrate 7.0 to 9.0 per 
cent; ash 6.8 to 7.0 per cent (3 to 5 per 
cent after prolonged dialysis at pH 3). 
Nucleic acid of the ribose type has been 


isolated. No anisotropy of flow in solu¬ 
tion but crystals are birefringent, show¬ 
ing sharp extinctions parallel to, and at 
right angles to, the plane of the crystal 
when examined edge-on in a polarizing 
microscope. Sedimentation constant, 
S 20 ® ^ 112 X 10“!*; in other preparations 
a crystalline component with sedimenta¬ 
tion constant 130 X 10~^* and an amor¬ 
phous component with sedimentation 
constant 68 X 10““ have been ^.eported, 
as well as small amounts of a su^tance 
with sedimentation constant 220 X 10“^*. 

Strains: Isolates of tobacco-necrosis 
virus serologically distinct but not other¬ 
wise different from each other appear to 
imply the existence of several strains of 
this virus, or of a closely related group of 
viruses, in England. 

Literature: Bawden, Brit. Jour. Exp. 
Path., 22 f 1941, 69-70; Bawden et al., 
tbid.f 23, 1942,314-328; Ck)hen, Proc. Soc. 
Exp. Biol, and Med., 1941, 163-167; 
I^a, Nature, 146 , 1940, 137-138; Pirie et 
al., Parasitol., SO, 1938, 543-551; Price, 
Am. Jour. Bot., 25, 1938, 603-612; Am. 
Jour. Bot., 27, 1940, 530-641; Arch. 
Virusf., 1 , 1940, 373-386; Price and 
Wyckoff, Phytopath., 29, 1939, 83-94; 
Smith, Parasitol., 29, 1937, 70-85 ; 29, 
1937, 86-95; Smith and Bald, Parasitol., 
27, 1935, 231-245; Smith and MacCle- 
ment, Parasitol., 32, 1940,320-332. 

5a. Manner dodecahedron H. {loc^ciL, 
30). From Greek dddekahedron, dodeca¬ 
hedron. 

Common name: Tomato bushy-stunt 
virus. 

Hosts: SOLAN ACE AE—Lycoperaieon 
esculentum Mill., tomato. Experiment¬ 
ally, also SOLAN ACE AE—Datura aira- 
monium L.; Nicotiana glutinoaa L.; AT. 
langadorffii Weinm. ; iV. tahacum L., to¬ 
bacco; Solarium nigrum L. LEOU- 
MINOSAE—Phaaeolua vulgaria L., bean; 
Vigna ainensia (L.) Endl., cowpea. 
COMPOSITAE—-Zinnia elegana Jacq., 
zinnia. 

Geographical distribution: British 
Isles. 
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Induced disease; In tomato, some 
primary lesions necrotic, ring-like or 
spot-like, others masked, or disclosed 
only by chlorophyll retention in yellowing 
leaves. In young plants, systemic ne¬ 
crotic lesions may cause death; in older 
plants, growth ceases, young leaves be¬ 
come pale yellow; growing points may die, 
inducing growth of axillary buds to 
produce a bushy top; older leaves become 
yellowed and show some purple colora¬ 
tion. In White Burley tobacco, local 
necrosis only, lesions small, red at first, 
then white. In cowpea, reddish necrotic 
primary lesions only. 

Transmission: By inoculation of ex¬ 
pressed juice. Through dodder, Cuscuia 
campestris' Yuncker (CONVOLVULA- 
CEAE). Not through seeds of diseased 
plants. No insect vector is known. 

Serological relationships: A specific 
antiserum, prepared by a single intra¬ 
venous injection of rabbits with 2 mg of 
purified virus, gives granular, compact 
precipitates, serving for quantitative es¬ 
timation of this virus, antiserum being 
used at dilutions of 1:200 or 1:800, virus 
at dilutions to 10^. 

Immunological relationships: Will in¬ 
fect plants previously invaded by tobac¬ 
co-mosaic virus, tomato spotted-wilt 
virus, tobacco-ringspot virus, and Ber¬ 
gerac-ringspot virus. 

Filterability; Passes membranes down 
to 40 millimicrons average pore diameter. 

Other properties: Virus crystallizes 
from solutions of ammonium sulfate as 
isotropic, rhombic dodeoah^dra, which 
shrink and swell reversibly on drying and 


rewetting; shrinkage reduces size to 80 
per cent of the wet dimensions. In the 
presence of heparin, non-birefringent 
prisms, rather than dodecahedra, appear. 
S 20 ® — 132 X cm. sec.'i dyne“‘. 

Particle approximately spherical, 27.4 
millimicrons in diameter by X-ray meas¬ 
urements (average diameter by hit rat ion 
data, 14 to 20 millimicrons). Solutions 
do not show anisotropy of flow. Inac¬ 
tivated by drying. Molecular weight 
8,800,000. Density 1.363. Molecular 
weight may be as high as 24,000,000 in 
solution, but the density is then lower, 

1.286. Analysis: carbon 47 to 50 per cent, 
nitrogen 15.8 to 16.4 per cent, phosphorus 
1.3 to 1.5 per cent, ash 1.7 to 5 per cent, 
hydrogen 7.2 to 8.2 per cent, sulfur 0.4 
to 0.8 per cent, carbohydrate 5 to 6 per 
cent. 

Literature: Ainsworth, Jour. Ministry 
Agr., 43 ,1936,266-269; Bawden and Pirie, 
Nature, HU 1938, 513; Brit. Jour. Exp. 
Path., 19, 1938, 251-263; Bernal and 
Fankuchen, Jour. Gen. Physiol., 1941, 
111-165; Bernal et al., Nature, 142 , 1938, 
1075; Cohen, Jour. Biol. Chem. 144t 1942, 
353-362; Proc. Soc. Exp. Biol, and Med., 
51, 1942, 104-105; Lauffer, Jour. Phys. 
Chem., 44f 1940, 1137-1146; Uuffer and 
Stanley, Jour. Biol. Chem., 1S5, 1940, 
463-472; Neurath and Cooper, Jour. Biol. 
Chem,, 136, 1940,455-462; Smith, Nature, 
136, 1935, 908; Ann. Appl. Biol., 22 , 1935, 
731-741; Jour. Roy. Ilort. Soc., 60, 1935, 
448-451; Smith and MacClement, Para- 
sitol., 33, 1941, 320-330; Stanley, Jour. 
Biol. Chem., 136, 1940, 437-454. 


Key to the species of the Tobacco-Etch Virus Group. 

Viruses relatively susceptible to heat inactivation (inactivated at 52 to 58® C in 10 
minutes). A small, closely allied group, tending to replace or to be replaced by each 
other, if present in mixture in tobacco. 

I. Not replaced, if in mixture, by other viruses of this group; dominant member 
of the group in tobacco. 

6. Marmor erodens. 

II. Replaced by No. 6, not by No. 8, if in mixture with it in tobacco. 

7. Marmor hyoscyami, 

III. Replaced by No. 6 or 7 if in mixture with either in tobacco. 

8. Marmor upsilon. 
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6. Marmorcrodens Holmes. (Holmes, 
Handb. Phytopath. Viruses, 1939, 40; 
Foliopellis erodens Valleau, Phytopath., 
SOj 1940, 825.) From Latin erodere, to 
erode or gnaw away. 

Common name; Tobacco-etch virus. 
Hosts: SOLA N ACEAE—Capsicum 

frutescens L., pepper; Datura stramonium 
L., Jimson weed; Lycopersicon esculentum 
Mill., tomato ; Nicotiana tahacum L., to¬ 
bacco; Petunia sp., petunia; Physalis 
heterophylla Nees. 

Geographical distribution: United 
States. 

Induced disease: In tobacco, systemic 
mild-mottling chlorosis, with traces of 
necrotic etching; intranuclear crystalline 
inclusions and intracytoplasmic granular 
and amorphous inclusions that tend to 
crystallize, forming needle sViaped bire- 
fringent bodies, 2 to 10 microns in length. 

Transmission : Experimentally, bv My- 
zus persicae (Sulz.), M. circumflexus 
(Buck!.), Aphis rhamni L< yer, A fabae 
(Scop.), and Macrosiphum yai (Koch) 
(APHIDIDAE) 'y by inoculation of ex¬ 
pressed juice. 

Serological relationships Precipitin re¬ 
actions with homologous antisera, but 
no cross-reactions with tobacco-rnosaic 
virus, tobacco-rings|X)t virus, potato- 
mottle virus, potato aucuba-niosaic virus, 
potato mild-mosaic virus, hyoscyamus- 
mosaic virus, potato-vcinbanding virus, 
or pea-mosaic virus. 

Immunological relationships: Protects 
tobacco against subseiiuent infection by 
potato-vcinbanding virus and hyoscya- 
mus-mosaic virus. In mixed inloctions, 
H suppresses and replaces these two 
viruses. 

Thermal inactivation: At 53 to 55° C in 
10 minutes. 

Filterability: Passes Pasteur-Cham- 
berland Li, not Li, filter candle. 

Other properties • Sedimentation con¬ 
stant S 2 o° * 170 X 10"i® cm. sec. dyne-'. 
Ckincentrated preparations show aniso¬ 
tropy of flow, indicating elongated parti¬ 
cle shape. 

Literature: Bawden and Kassams, Ann. 


Appl. Biol., B8, 1941, 107-118; Fernow, 
Cornell Agr. Exp. Sta. (Ithaca), Mem. 
96, 1925; Holmes, Phytopath., 1942, 
1058-1067; Johnson, Kentucky Agr. Exp. 
Sta., Res. Bull. 306,1930. 

Strains: A distinctive severe-symptom 
strain, isolated from plants infected in 
nature and studied intensively, has been 
distinguished from the type, var. vulgare 
H. (Zoc cil.y 40), by the varietal name: 

6a. Marmor erodens var. severum H. 
(Zoc. ciZ., 41). Differing from the type by 
a tenden cy to induce more pronounced 
necroti« etching and a greater stunting 
effect in infected tobacco. 

7. Marmor hyoscyami spec. nov. 
From New Latin Hyoscyamus, genus 
name of plant from which this virus was 
first isolated. 

Common names: Hyoscyamus-mosaic 
virus, Hy. HI virus, Hyoscyamus-III- 
disease virus. 

Hosts: SOLAN ACE AE—Hyoscyamus 
niger L., henbane. Experimentally, also 
Nicotiana tahacum L., tobacco. 

insusceptible species .CUCURBITA- 
CEAE — Cucum^s sativus L., cucumber. 
Geographical distribution: England. 
Induced disease: In henbane, chlorotic 
clearing of veins followed by yellow-mot¬ 
tling mosaic. 

Transmission: By inoculation of ex¬ 
pressed juice to dilutions of 10“V By 
aphids, Myzus persicae (Sulz.), M. cir- 
cumflexus (Buckt.), and Macrosiphum 
solanifolii Ashm. (= M. gei Koch) 
(APHIDIDAE). 

Serological relationships: Several iso¬ 
lates of this virus give mutual cross¬ 
precipitin reactions but no precipitation 
occurs when antiserum prepared with this 
virus is mixed with cucumber-mosme 
virus, tobacco-etch virus, or potato-vein¬ 
banding virus. 

Immunological relationships : No im¬ 
munity with respect to this virus is in¬ 
duced in tobacco by previous infection 
with cucumber-mosaic virus. Potato¬ 
veinbanding virus is unable to multiply 
in the presence of this virus and is re¬ 
placed by it. Tobacco-etch virus pro- 
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tects against this virus and replaces it in 
mixed infections. 

Thermal inactivation: At 58° C in 10 
minutes. 

Filterability: Passes Chamberland Li, 
but not La, filter candles. 

Other properties: Concentrated solu¬ 
tions show anisotropy of flow. Yield of 
virus, 1 to 3 mg per liter of juice expressed 
from diseased tobacco plants. 

Literature: Bawdenand Kassanis, Ann. 
Appl. Biol., 28, 1941, 107-118; Hamilton, 
ibid., 19, 1932, 550-567; Sheffield, ibid., 
26, 1938, 781-789; Watson and Roberts, 
Proc. Roy. Soc. Ix)ndon, Ser. B, 127, 1939, 
543-576. 

8. Marmor upsllon comb. nov. (Mar¬ 
mor cucvmeris var. upsilon Holmes, loc. 
cit., 33; Murialba venataenia Valleau, 
Phytopath., SO, 1940, 824.) From Greek 
name of the letter Y, sometimes used to 
denote this virus. 

Common names: Potato-veinbanding 
virus, potato virus Y". 

Hosts: SOLAN ACE AE—Solanum tu¬ 
berosum L., potato; Nicoiiana tabacum 
L., tobacco. Experimentally, also Ly- 
cium barbarum L. 

Geographical distribution: England, 
France, United States, Brazil. Rare in 
Scotland and part of Ireland 

Induced disease: In some potato varie¬ 
ties, leaf drop and necrotic stem-streak; 
in others, no signs of disease; in still 
others, chlorotic mottling with or without 
necrosis. In combination with strains 
of the potato-mottle virus (Marmor 
dubium), this virus causes rugose mosaic, 
a common and destructive double-virus 
disease. 


Transmission: By inoculation of ex¬ 
pressed j uice. By aphi d, Myzus persicae 
(Sulz.); experimentally, also by Aphis 
rhamni Boyer (synonym for Aphis ab- 
breviata Vatch) (APHIDIDAE). 

Serological relationships: Precipitin re¬ 
actions with homologous antisera. No 
cross reactions with tobacco-mosaic virus, 
tobacco-etch virus, hyoscyamus-mosaic 
virus, potato-mottle virus, potato mild- 
mosaic virus, potato aucuba-mosaic virus, 
tobacco-ringspot virus, or common pea- 
mosaic virus. Reported cross reaction 
with cucumber-mosaic virus needs con¬ 
firmation. 

Immunological relationships: A mild 
strain protects against subsequent infec¬ 
tion with the typical virus. This virus 
is suppressed and replaced by hyoscya¬ 
mus-mosaic virus and by tobacco-etch 
virus in mixed infections. 

Thermal inactivation: At 52® C in 10 
minutes. 

Filterability: Passes with difficulty 
through Gradocol membrane of 42 milli¬ 
micron average pore diameter. 

Other properties: Inactivated by dry¬ 
ing. 

Literature : Dennis, Nature, H2, 1938, 
154; Johnson, Phytopath , 25, 1935, 
650-652; Jones and Vincent, Jour. Agr. 
Res., 55, 1937 , 69-79; Kassanis, Ann. 
Appl. Biol., 29, 1942, 95; Koch, Phyto¬ 
path., 23, 1933, 319-342; Kramer and Sil- 
l)erschmidt, Arquivos Inst. Biol., Sao 
Paulo, Brazil, 11, 1940, 165-188; Salaman, 
Nature, 139, 1037, 924; Smith, Proc. Roy. 
Soc., Ser. B, 109, 1931,251-267; Smith and 
Dennis, Ann. Appl. Biol., 27, 1940, 65-70. 


Key to the species of the Cucumber-Mosaic Virus Group. 

Viruses relatively susceptible to heat inactivation, requiring less than 10 minutes 
at 85 to 90° C for complete inactivation. Not replacing potato-veinbanding virus in 
mixed infections. 

I. Infecting both dicotyledonous-and monocotyledonous plants. 

9. Marmor cucumeris. 

II. Infecting dicotyledonous, but not monocotyledonous, plants. 

10. Marmor solani. 

11. Marmor aucuba. 

12. Marmor umbelliferarum. 
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13. Marmor crucifer arum. 

14. Marmor braaaicae. 

16. Marmor hetae. 

16. Marmor lactucae. 

17. Marmor dahliae. 

18. Marmor phaaeoli. 

19. Marmor leguminoaarum. 

20. Marmor piai. 

21. Marmor medicaginia. 

III. Infecting monocotyledonous, but not dicotyledonous, plants. 

22. Marmor tulipae. 

23. Marmor mite. 

24. Marmor tridia. 

25. Marmor sacchari. 

26. Marmor cepae. 

27. Marmor acillearum. 


9. Marmor cucumeris Holmes. 
(Holmes, Handb. .Phytopath. Viruses, 
1939, 31; Murialha cucumeris Valleau, 
Phytopath., SO, 1940, 823.) From in 
cucumia, cucumber. 

Common name: Cucumber-mosaic 
virus. 

Hosts; Very wide range of hosts among 
dicotyledonous and monocotyledonous 
plants; cucumber, celery, spinach, to¬ 
bacco, and pepper are sometimes seriously 
affected. Overwintering hosts are; SOL¬ 
AN ACE A E—Phyaalia subglabrata Mac¬ 
kenzie and Bush, P. heterophylla Nees. 
ASCLEPIADACEAE—Asclepias syri- 
aca L. PHYTOLACCACE AE— Phyto¬ 
lacca decandra L. LABI AT AE Ne- 
peta cataria L. Probably there arc also 
other susceptible perennials. 

Geographical distribution: Probably al¬ 


most world-wide. 

Induced disease: In cucumber, Cucu- 
mU aalivus L., yellowish-green systemic 
mottling. Leaves small, distorted, 
curled; plants dwarfed, internodes short ¬ 
ened. Few fruits set. Fruits mottled, 
misshapen, giving the disease the mme 
“white pickle.” In black cowpea, I igna 
ainensis (L.) Endl., small reddish ne¬ 
crotic local lesions only. No intracellular 
bodies are found in plants infected with 
cucumber-mosaic virus. 

Transmission: By inoculation of ex¬ 
pressed juice. By aphids, 

Le (Sul*.), M. paeudoaolam Theob., M. 


ctreumfiexus (Buckt.), Macroaiphum aoh 
ar^ifolii Ashm., and Aphis goaaypii Olov. 
(APHIDIDAE). Through seeds of dis¬ 
eased plants in Echinocystis lobata 
(Michx.) Torr. and Gray, wild cucumber, 
in Cucumis melo L., muskmclon, and in 
Cucurbita pepo L., vegetable marrow. 
By several species of dodder, Cuscuta 
californica Choisy, C. campeatris 
Yuncker, and C. subincluaa Dur. and 
Hilg. (CONVOLVULACEAE). 

Immunological relationships: Infection 
with the type and other chlorotic-mot¬ 
tling strains protects zinnia against sub¬ 
sequent infection by an ii>dicator strain 
of this virus (var. judicis). 

Thermal inactivation: At 70 to 80° C 


in 10 minutes. 

Filterability: Passes Berkefeld W and 
N filters and collodion membranes of 45 


millimicron average pore diameter. 

Other properties: Inactivated by dry¬ 
ing or 3 to 4 days’ storage in juice at room 


jmperature. 

Literature: Ainsworth, Ann. Appl. 
iol., 25, 1938, 867-869; Chamberlain, 
[ew* Zealand Jour. Science and Tech- 
ology, 21 ,1939,73A-90A; Celino, Philip- 
ine Agr., 29, 1940, 379-414; Doolittle, 
►hytopath., 6, 1916,145-147; U. S. Dept 
Lgr.. Bull 879, 1920; Doolittle and 
Valker, Jour. Agr. Res., SI, 1925, 1-58; 
Gilbert, Phytopath., 6 , 1916, 143-144; 
loggan. Jour. Agr. Res., 47, 1933, 689- 
'04; Jagger, Phytopath., 6, 1916,148-161; 
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8 , 1918, 32-33; Kendrick, Phytopath., 

1934, 820-823; Mahoney, Proc. Am. Soc. 
Hort. Sci., 1935, 477-480; Price, 
Phytopath., 26, 1935, 776-789; 29, 1939, 
903-905; Am. Jour. Bot., 27, 1940, 530- 
541; Storey, Ann. Appl. Biol., 26, 1939, 
298-308. 

Strains: Various host plants seem to 
have induced specialization of cucumber- 
mosaic virus in strains particularly 
adapted to existence in their tissues. 
Several of these and certain laboratory- 
derived strains useful in technical proce¬ 
dures have been distinguished from the 
type, var. vulgare H. (loc. cit., 31), by 
varietal names, as follows: 

9a. Marmor cncumeris var. commelinae 
H. (loc. cit., 35). From New Latin 
Commelina, generic name of weed serving 
as a natural reservoir of this strain. 
Common name: Southern celery-mosaic 
strain of cucumber-mosaic virus. Differ¬ 
ing from the type in severity of disease 
induced in celery and some other plants. 
Transmitted by Aphis gossypii Glov., A. 
maidis Fitch, and Pentalonia nigro- 
nervosa Coq. (APHIDIDAE). (Price, 
Phytopath., 26, 1935, 947-954; Wellman, 
ibid., 24, 1934, 695-725, 1032-1037 ; 26, 

1935, 289-308, 377-404.) 

9b. Marmor cucvmeris var. phaseoli 
H. (loc. cit., 36). From New Latin Pha- 
seolus, generic designation of lima bean. 
Common name: Lima-bean strain of cu¬ 
cumber-mosaic virus. Differing fr^m 
type of species in ability to cause a chlo¬ 
rotic mottling disease in lima bean in 
nature. (Harter, Phytopath., 26, 1936, 
'94; Jour. Agr. Res., 66 , 1938 , 895-906; 
McClintock. Phytopath,, 7, 1917, 60.) 

9c. Marmor cucumeris var. lilh H. (loc. 
cit., 37). From Latin lilium, lily. Com¬ 
mon name: Lily-mosaic strain of cucum¬ 
ber-mosaic virus. Differing from the 
type variety by ability to persist in na¬ 
ture in lilies, producing masked infection 
or chlorotic mottling unless in mixture 
with lily-symptomless virus (Adelonosus 
lilii), when a more severe disease involv¬ 


ing necrosis is induced. (Brierley, Phy¬ 
topath., 29, 1939, 3; SO, 1940, 250-257; 
Brierley and Doolittle’, ibid., SO, 1940, 
171-174; Ogilvie and Guterman, ibid., 19, 
1929, 311-315; Price, ibid., 27, 1937, 
561-569.) 

9d. Marmor cucumeris var. judicis H. 
(loc. cit., 38). From Latin judex, judge. 
Common name: Indicator strain of cu¬ 
cumber-mosaic virus. Differing from 
the type variety in inducing the forma¬ 
tion of necrotic local lesions in zinnia 
(Zinnia elegans Jacq., COMPOS IT AE). 
Previous infection of zinnia by other 
strains of cucumber-mosaic virus in¬ 
hibits the formation of these necrotic 
local lesions, identifying the strains as 
related to each other and to the indicator 
strain. (Price, Phytopath., 24, 1934, 
743-761; 26, 1935, 776-789.) 

9e. Marmor cucumeris var. vignae H. 
(loc. cit., 39). From New Latin Vigna, 
generic name of cowpea. Common name: 
Cowpea-mottling strain of cucumber- 
mosaic virus. Differing from the type 
variety in producing systemic chlorotic 
mottling, rather than reddish-brown ne¬ 
crotic local lesions, in Black cowpea. 
Not known in nature but derived experi¬ 
mentally from a mild-mottling strain of 
cucumber-mosaic virus during serial 
passage in cowpea. (Price, Phytopath., 
24, 1934, 743-761; 26, 1935, 776-789.) 

10. Marmor solan! H. (loc. cit., 47). 
From New Latin Solanum, generic name 
of potato. 

Common names: Potato mild-mosaic 
virus, potato virus A. 

Hosts: SOLAN ACE AE—Solanum tu¬ 
berosum L., potato. Experimentally, 
also Nicotiana tabacum L., tobacco; Sol¬ 
anum nigrum L. var. nodiflorum; and 
Datura stramonium L., Jimson weed. 

Geographical distribution: United 
States, England, Holland. 

Induced disease: In potato, very-mild 
chlorotic mottling or masked symptoms 
in some varieties (as Irish Chieftain), 
systemic necrosis in others (for example, 
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British Queen). Immunity to aphid in¬ 
fection with this virus is found in the 
varieties Katahdin and Earlaine. A 
combination disease, characterized by 
pronounced yellow-mosaic patterns, is 
caused by this virus in the variety Irish 
Chieftain if the potato-veinbanding virus 
{Marmor upsilon) is also present. In 
tobacco, experimentally, faint veinband¬ 
ing mosaic. 

Transmission: To pcitato, by rubbing 
methods of inoculation of expressed juice, 
using carborundum powder; to tobacco, 
by rubbing without carborundum. By 
aphids. Aphis abbreviata Patch and 
Myzus persicac (Sulz.) {APIIIDIDAE). 

Serological relationships. No cross- 
prccipitin reactions with potato aucuba- 
mosaic virus, potato-vcinbanding virus, 
tobacco-mosaic virus, tobacco-etcli virus, 
tobacco-riiigspot virus, or pea-inosaic 
virus. 

Immunological relationshii)s A feeble 
strain of this virus has been found to pro¬ 
tect fully against tlie tyideal 3 t»*ain in the 
Netherlands. 

Thermal inactivation: At 50° 0 in 10 
minutes. 

Literature: Bawden, Ann. Appl. Biol., 
1936, 487-497; Chester, Phytopath., 
£5, 1935, 686-701; Dykstra, Phytopath., 
£9, 1939, 40-67; Hansen, Tidsskr. Plan- 
teavl, 4£y 1937 , 631-681; Murphy and 
Loughnane, Sci. Proc. Roy. Dublin ^c., 
£1, 1936, 419-430; Murphy and McKay, 
ibid., £0, 1932, 227-247; Oortwijn Botjes, 
Tijdsch. Plantenzickten, 4^, 1939, 25- 
29; Schultz et al, Phytopath., 27^ 1937, 
190-197 ; SO, 1940, 944-951. 

11. Marmot aucuba H. {loc. cit., 49). 
From New Latin Aucuba, a genus of 
plants having mottled foliage. 

Common name: Potato aucuba-mosaic 

virus. 

Hosts: SOLANACEAE-Solanwn iu- 
beroaum h., potato. Experimentally, ato 
Atropa belladonna L. (symptomless); 
Cavsievm frvUecena L., pepper; Datura 
ttramonium L., Jimson weed (symptom 
leas); Hyoaeyamus niger L., henbane 


(symptomless); Lycopersicon esculentum 
Mill., tomato; Petunia hybrida Vilm., 
petunia (symptomless); Nicotiana ta- 
bacum L., tobacco (symptomless); 
num dulcamara L., bittersweet; S. nigrum 
L. var. nodifiorinn. 

Geographical distribution: United 
States, Great Britain, Europe. 

Induced disease: In potato, yellow 
spots on lower leaves of some varieties; 
in <he variety Irish Chieftain, brilliant 
yellow mottle over whole plant, perhaps 
because of siinultaiieous presence of po¬ 
tato mild-mosaic virus in this variety. 
Xecrosi.s of the cortex and of the pith in 
tubeis in many varieties. 

Transmission- By inoculation of ex¬ 
pressed juic(‘. Probably by aphid. My.- 
zus persiiue (Sulz.) {AP If IDI DAE). 

Serological relationships: No precipitin 
cross-reactions with potato mild-mosaic 
virus, jKjtato-vcinbanding virus, tobacco- 
mosaic virus, tobacco-etch virus, tobacco- 
ringsi^it virus, or pca-mosaic virus. 
Precipitin cross-reactions with the 
Canada-st.reak strain of iJotato aucuba- 
mosaic virus. 

Thermal inactivation: At 65 to 68 ° C 
in 10 minutes. 

Filterability: Passes Pasteur-Cliam- 
l)erland Li filter, but not L 3 or L 5 . 

Literature: Chester, Phytopath., £5, 
1935, 686-701; 27, 1937, 903-912; Clinch, 
Sci. Proc. Roy. Dublin Soc., 22, 1941, 
435 - 445 ; (dinchetal., ibid.,21, 1936,431- 
448; Dykstra, Phytopath., 29, 1939, 917- 
933. 

Strains: One strain differing from the 
type has been given a varietal name: 

11 a. Marmor aucuba var. canadense 
Black and Price. (Phytopath. SO, 1940, 
444.) Fi*om common name of strain. 

Common name : Canada-streak strain of 
potato aucuba-mosaic virus. Differing 
from the type variety by tendency to 
produce necrosis in stems, veins, petioles, 
and leaves and also, about 2 months after 
harvest, in pith of tuber, especially at 
stem end. (Chester, Phytopath., £7, 
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ld37, 90a-912; Dykstra, Phytopath., fP, 
1939, 917-933.) 

12. Mannor umbelliferanun H. {loc. 
cit., 67). From New Latin Umhelliferae^ 
family name of plants among which celery 
is classified. 

Common name: Celery-mosaic virus, 
western celery-mosaic virus. 

Hosts: UMBELLIFERAE—-Apium 
graveolem L., celery and celeriac; Daucus 
caroia L., carrot. Experimentally, also 
Anethvm grdveolens L., dill; Anthriscus 
cerefolium (L.) Hoffm., salad chervil; 
Carum carvi L., caraway; Coriandrum 
sativvm L., coriander; Peiroaelinum kor- 
tense HofFm., parsley. 

Insusceptible species: Cucumie Baiivua 
L., cucumber, and all other tested species 
not of the family Umbelliferae. 

Geographical distribution: United 
States (California). 

Induced disease: In celery, at first, 
clearing of veins in young leaves; later, 
foliage yellowed, plant stunted, young 
petioles shortened, older petioles hori¬ 
zontal, giving plant a fiat appearance. 
Foliage mottled green and yellow; leaflets 
narrow, twisted or cupped; older leaves 
with some necrosis; petioles with white 
streaks or spots. In celeriac, clearing of 
veins, followed by systemic chlorotic 
mottling. In carrot, chlorotic spotting 
of young leaves, followed by systemic 
chlorotic mottling. 

Transmission : By inoculation of ex¬ 
pressed juice, in dilutions to 1:4000. 
No specific insect vector is known, but 11 
species of aphids capable of breeding on 
celery transmit the virus, though they do 
not long retain the power of transmission 
after leaving diseased plants. These vec¬ 
tors are Aphis apigraveolens Essig, A. 
apii Theob., A. jerruginea-siriaia Essig, 
A, gossypii Glov., A, middletonii Tho¬ 
mas, A. rumicis Linn., Cavariella cap- 
reae (Fabr.), Myzus circumflexus 
(Buckt.), M, convolvuli (Kalt.), M, per- 
sicae (Sulz.), Rhopalosiphum mellijerum 
(Hottes) {APHIDIDAE), Some 


aphids not able to breed on celery also 
transmit this virus. 

Thermal inactivation: At 55 to 60** C 
in 10 minutes. 

Filterability: Passes all grades of 
Chamberland filters. 

Other properties: Virus active after 
storage at —18° C for 18 months. 

Literature: Severin and Freitag, Hil- 
gardia. If, 1938,493^558. 

13. Marmor cruciferarum H. {loc, ciU^ 
69). From New Latin Cruciferae , family 
name of plants among which cauliflower 
is classified. 

Common name: Cauliflower-mosaic 
virus. 

Hosts: CRUCIFERAE—Brassica oU 
eracea L., cauliflower, kale, Brussels 
sprouts, cabbage, and broccoli; B. cam- 
pestris L., wild yellow mustard; Mat- 
thiola incana R. Br., annual stock. Ex¬ 
perimentally, also Brassica adpreasa 
Boiss; B. alba Habenh., white mustard; 
B, arvensis (L.) Ktze., charlock; B. 
juncea Coss., leaf mustard (one strain not 
susceptible); B. napus L., rape; B, pe- 
ieai Bailey, pe-tsai; B. nigra Koch, black 
mustard; B. rapa L., turnip; Capsella 
bursa-pastoris Medic., shepherd’s purse; 
Iberis amara L., rocket candytuft; Lepi- 
dium sativum L., garden cress; Lunaria 
annua L., honesty; Raphanus raphanis- 
trum L., white charlock; R. sativus L., 
radish. 

Insusceptible species: CHENOPODI- 
ACEAESpinacia oleracea L. COM¬ 
POS ITA E—Lactuca saliva L. CR UCI- 
FERAE—Alyssum saxatile L.; A. 
inaritimum Lam.; Arabia alhida Stev.; 
Athysanus pusillus Greene; Brassica 
juncea Coss. (Japanese strain; another 
strain susceptible); Cheiranthua cheiri 
L.; Erysimum perofskianum Fisch. and 
Mey.; Hesperia matronalia L.; Malcomia 
maritima R. Br.; Roripa nasturtium 
R\xaby; Stanley a pinnata (Pursh.) Britt.; 
Thysanocarpus radians Benth. LEOU- 
MINOSAE—Viciafabah. SOLANA- 
CEAE—Capsicum frutescens L.; Lyeoper- 
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stcon eaculenium Mill.; L. pimpinellifol. 
turn Mill.; Nicotiana glutinoaa L.; N, 
langsdorffii Weinm.; tabacum L. vara. 
Turkish and White Burley. TROPAE- 
OLACEAE—Tropaeolum majus L. 
UMBELLIFERAE—Apium graveo- 
lens L. 

Geographical distribution: United 
States, England. 

Induced disease: In cauliflower, clear¬ 
ing of veins, followed by mild chlorotic 
mottling, veins usually banded with dark 
green, necrotic flecks later in chlorotic 
areas. Midrib curved, leaves distorted. 
Plant stunted; terminal head or curd 
dwarfed. Solanaceous plants appear to 
be immune, a point of distinction between 
this virus and turnip-mosaic virus, Mar- 
mor hrassicae. 

Transmission: By inoculation of ex¬ 
pressed juice, using carborundum pow¬ 
der. By many aphid species, Brevicoryne 
hrassicae (Linn.), cabbage aphid; Rhopa- 
losiphutn pseudobrassicae Davis, false 
cabbage aphid; Myzus persicae (Sulz.), 
peach aphid; Aphis graveolens Essig, 
celery leaf aphid; A. apigraveolens Essig, 
celery aphid; A. middletonii Thomas, 
erigeron root aphid; A. gossypii Glov., 
cotton aphid; Cavariella capreae (Fabr.), 
yellow willow aphid; Myzus circumflexus 
(Buckt.), lily aphid; E/iopaiosip/ium mel- 
liferum (Hottes), honeysuckle aphid. 
(APHIDIDAE). No seed transmission. 

Thermal inactivation: At 75® C in 10 
minutes. 

Literature: Caldwell and Prentice, 
Ann. Appl. Biol., £9, 1942, 366-373, 374- 
379; Rawlins and Tompkins, Phytopath., 
1934, 1147 (Abst.); Tompkins, Jour. 
Agr. Res., 55, 1937, 33-46. 

14. Mannor hrassicae H. (H., loc, 
cit.f 70; Marmor matthiolae H., loc. cit., 
71.) From New Latin, Brassicay generic 
name of turnip. 

Common name: Turnip-mosaic virus. 

Hosts: CR UCIFERAE--Bras8ica 

rapa L., turnip; B. napobrassica Mill., 
swede or rutabaga; B. napus L., rape; B. 


nigra (L.) Koch, black mustard; B. oler* 
acea L., cabbage; Armoracia rusticana 
Gaertn., horse-radish; Cheiranthus cheiri 
L,, wallflower; Matthiola incana R. Br.,. 
stock; Sinapis alba L., white mustard. 
Experimentally, also CRUCIFERAE— 
Berteroa incana (L.) DC.; Brassica alba 
Rabenh., white mustard; B. arvensis 
(L.) Ktze.; B. chinensis L., Chinese cab¬ 
bage; B. juncea (L.) Coss.; Capsella 
hursa-pastoris (L.) Medic.; Cardamine 
heterophylla (Forst. f.) O. E. Schultz; 
Cheiranthus allionii Hort.; Coronopus 
didymus Smith; Hesperia matronalis L.; 
Lepidiam ruderale L.; L. sativum L., L. 
virgmicum L.; Nasturtium officinale R. 
Br.; Neslia paniculata (L.) Desv.; Radi- 
cula palustris (L.) Moench.; Raphanus 
sativus L.; Sisymbrium altissimum L.; 
S. officinale (L.) Scop.; Thlaspi arvense 
L. CHENOPODIACEAE—Betc vul¬ 
garis L.; Spinacia oleracea L., spiilSch. 
COMPOS ITAE—Calendula officinalis L. 
Zinnia elegans Jacq, RANUNCULA- 
CEAE—-Delphinium ajacis L. SOLANA- 
CEAE—Ly copersicon pimpinellifolium 
Mill.; Nicotiana bigelovii S. Wats.; N. 
glutinosa L.; N. langsdorffii Weinm.; N. 
repanda Willd.; N, rustica L.; N, sylves- 
tris Speg. and Comes; N. tabacum L., 
tobacco; Petunia hybrida Vilm. 

Geographical distribution: United 
States, England, New Zealand. 

Induced disease: In turnip, systemic 
chlorotic mottling; plants stunted, leaves 
distorted. In tobacco, experimentally, 
characteristic necrotic primary lesions 
only. 

Transmission: By inoculation of ex¬ 
pressed juice. By cabbage aphid, Brevi¬ 
coryne hrassicae (Linn.), and by the 
peach aphid, Myzus persicae (Sulz.) 
{APH1DIDAE^. 

Thermal inactivation: At 54° C in 10 
minutes. 

Strains: A considerable number of 
strains of this virus appear to occur in 
nature, but those that have been studied 
often have been considered as distinct 
viruses and not compared with each other 
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under identical circumstances. More 
work is needed to show existing alliances. 

Literature: Chamberlain, New Zealand 
Jour. Agr., JS, 1936,321-330; New Zealand 
Jour. Science and Technology, 1939, 
212A-223A; Clayton, Jour. Agr. Res., 40, 
1930, 263-270; Gardner and Kendrick, 
ibid., 22, 1921,123-124; Hoggan and John¬ 
son, Phytopath., 26, 1935,640-644; Larson 
and Walker, Jour. Agr. Res., 59, 1939, 
367-392; ej?, 1941, 475-491; Schultz, Jour. 
Agr. Res., 22, 1921,173-178; Smith, Ann. 
Appl. Biol., 22, 1935, 239-242; Tompkins, 
Jour. Agr. Res., 57, 1938, 589-602 ; 58, 
1939 , 63-77; Tompkins et al., ibid., 57, 
1938, 929-943. 

15. Marmor betae H. {loc. cit., 72). 
From Latin beta, beet. 

Common name: Sugar-beet mosaic 
virus. 

Hosts: CHENOPODIACEAE—Beta 
vulgaris L., beet; Spinacia oleracea L., 
spinach. 

Geographical distribution: France, 
Denmark, Germany, Sweden, United 
States, England. 

Induced disease: In beet, discrete 
yellowish secondary lesions or clearing of 
veins on young leaves, followed by chlo¬ 
rotic mottling of newly formed leaves. 
Darkening of vascular tissue. Leayes 
bend back near tips, which sometimes 
die. Intracellular Ixjdies formed. In 
spinach, 6 to 21 days after infection, 
chlorotic flecks on young leaves. Plant 
stunted, outer leaves killed, dying front 
their tips back. Center of plant survives 
for a time, but finally dies. 

Transmission: By inoculation of ex¬ 
pressed juice, in dilutions to 10“^. By 
aphids, Myzvs persicae (Sulz.), Aphis 
rumicis Linn., and perhaps Macrosiphum 
solanifolh Ashm. (— M. gei Koch) 
(APHIDIDAE). No seed transmis¬ 
sion. 

Thermal inactivation: At 55 to 60® C 
in 10 minutes. 

Other properties: Inactivated by 
standing in expressed juice for 24 to 48 
hours at about 70*^ F. 


Literature: Boning, Forsch. Geb. Pflail- 
zenkr. u. Immun. Pflanzenreich, S, 1927, 
81-128; Cent. f. Bakt., II Abt., 71, 1927, 
490-497; Gratia and Manil, Compt. rend. 
Soc. Biol., Paris, 118, 1935, 379-381; 
Hoggan, Phytopath., 23, 1933, 446-474; 
Jones, Washington Agr. Exp. Sta. Bull. 
250, 1931; Lind, Tidsskr. Planteavl, 22, 
1915, 444-457; Robbins, Phytopath., 11 , 
1921, 349-365; Schmidt, Ber. Deutsch. 
Bot.GeB.,4^, 1927,598-601. 

16. Marmor lactucae H. {loc. cit., 84). 
From Latin lactuca, lettuce. 

Common name: Lettuce-mosaic virus. 

Hosts: COMPOSITAE^Lactuca sa- 
tiva L., lettuce; Senecio vulgaris L., 
groundsel. Experimentally, also COM- 
POSITAE—Sonchus w asper Hoffm., 
prickly sow-thistle. LEGUMINOSAE 
—Lathyrus odoratus L., sweet pea; Pisum 
sativum L., pea. 

Insusceptible species: COM POSIT AE 
—Sonchus oleraceus L., S. arvensis L., 
Taraxacum officinale Web., Carduus ar¬ 
vensis Curt. CRUCIFERAE — Bras- 
Sica oleracea Jj. CUCURBIT ACE AE — 
Cucumis sativus L. SOLAN ACE AE — 
Lycopersicon esculenlum Mill., Nicotiana 
tabacum L., N. glutinosa L., Datura 
stramonium L. 

Geographical distribution: United 
States, England, Germany, Bermuda. 

Induced disease: In lettuce varieties, 
clearing of veins followed by systemic 
chlorotic mottling, dwarfing and defective 
hearting; sometimes by scorching of leaf 
edges, vein necrosis or necrotic flecking 
between veins. 

Transmission: By inoculation of ex¬ 
pressed juice, in dilutions to 1:100 if 
mixed with a little 0.5 per cent sodium 
sulphite solution and a trace of powdered 
carborundum. By aphids, Myzus persi¬ 
cae (Sulz.) and Macrosiphum gei Koch 
{APRIDIDAE). Through seeds from 
diseased plants. It is believed that seed- 
borne virus is the most important source 
of primary inoculum in the spring. 

Thermal inactivation: At 55 to 60® C 
in 10 minutes. 
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Filterability: Fwls to pass L, Pasteur- 
Chamberland filter. 

Literature: Ainsworth and Ogilvie, 
Ann. Appl. Biol., £6, 1939, 279-297; Jag- 
ger, Jour. Agr. Res., 20 , 1921, 737-740; 
Newhall, Phytopath., IS, 1923, 104-106. 

17. Marmor dahliae H. (loc. cit., 85). 
From New I^tin Dahlia, generic name of 
host plant. 

Common name: Oahlia-mosaic virus. 
Hosts: COMPOSITAE-Dahlia pin- 
nata Cav., dahlia. Experimentally, also 
£>. imperialis Roezl.; D. maxonit Saflford. 

Geographical distribution: United 
States, Holland, Germany, England. 

Induced disease : In intolerant varieties 
of dahlia, chlorotic mottling of foliage, 
leaf distortion, dwarfing of all stems and 
of roots, occasionally necrotic streaking of 
midveins. In tolerant varieties, incon¬ 
spicuous chlorotic mottling or masked 
symptoms. 

Transmission: By ai)hid, AJyzus perst- 
cae (Sulz.) {APHIDIDAE). By graft¬ 
ing. Not ,by inoculation of expressed 
juice. Not through soil. Not through 
seeds from diseased plants. 

Literature: Brierley, Am. Dahlia Soc. 
Bull., Ser. 9, No. 65,1933; Contrib. Boyce 
Thompson Inst., 6 , 1933, 235-288; Gold¬ 
stein, Bull. Torrey Bot. Club, 64 , 1927, 
285-293. 

18. Marmor pha&eoli H. {loc. cit., 87). 
From New I^atin Phaseolus, generic name 
of bean. 

Ck)mmon name: Bean-mosaic virus. 

Hosts: LEGUM1 NCSA E—Phaseolus 
vulgaris L., bean. Experimentally, also 
Phaseolus acutifolius Gray var. lattfolius 
Freem.; P. aureus Roxb.; P. calcaratus 
Roxb.; P. lunatus L.; Lespedeza striata 
(Thunb.) Hook, and Am.; Victafaba L.; 
V. sativa L., spring vetch. 

Insusceptible species: LEGUMINO- 
SAE — Pisum sativum L., garden pea; 
Lathyrus odoraius L., sw'eet pea. 

Geographical distribution: World-wide, 
wherever beans ?ire grown. 

Induced disease: In bean, first leaves 


to be affected are crinkled, stiff, chloro¬ 
tic; later leaves show chlorotic mottling; 
leaf margins often rolled down. Opti¬ 
mum temperature for expression of dis¬ 
ease, 20 to 28® C, partial masking at 28 to 
32® C, complete masking at 12 to 18® C. 

Transmission: By inoculation of ex¬ 
pressed juice in dilutions to 1:1000, using 
carborundum or other abrasive powder. 
By aphids, Aphis rumicis Linn., Macro- 
siphum (= Illinoia) solanifolii Ashm., 
A/, pisi Kalt., Aphis gossypii Glov., A, 
medicaginis Koch, A. spiraecola, Brevi- 
coryne brassicae (Linn.), Hyalopterua 
airiplicis Linn., Macrosiphum ambrosiae 
Thos., Rhopalosiphum paeudobrassicae 
Davis, and Myzua peraicae (Sulz.) 
{APHIDIDAE). In beans, there is 
seed transmission to 30 to 50 per cent of 
plants grown from infected parents; 
pollen from infected plants is said to 
transmit virus. 

Thermal inactivation: At 56 to 58® C in 
10 minutes. 

Literature: Fajardo, Phytopath., 20^ 

1930, 469-494, 8^-888; Murphy, i6id., 
80, 1940, 779-784; Murphy and Pierce, 
ibid., 28, 1938, 270-273; Parker, Jour. 
Agr. Res., 62, 1936, 895-915; Pierce, Phy¬ 
topath., 24, 1934, 87-115; Jour. Agr. Res., 
49, 1934, 183-188; 61, 1935, 1017-1039; 
Reddick, II Congr. Intern. Path. Comp., 

1931, 363-366; Reddick and Stewart, 
Phytopath., 8, 1918, 530-534; Richards 
and Burkholder, Phytopath., SS, 1943, 
1215-1216; Wade and Andrus, Jour. Agr. 
Res., 6S, 1941, 389-393; Wade and Zau- 
meyer, U. S. Dept. Agr., Circ. 500, 1938; 
Walker and Jolivette, Phytopath., SS, 
1943, 778-788; Zaumeyer and Kearns, 
ibid., 26, 1936, 614-629; Zaumeyer and 
Wade, Jour. Agr. Res., 61, 1935, 715-749. 

19. Marmor leguminosarum H. {loc. 
cit., 89). From New Latin Leguminoaae, 
family name of pea. 

Common name; Pea-mosaic virus. 

Hosts: LEG UMINOSAE— Lathyrua 
odoratua L., sweet pea; Piaum sativum 
L., pea; Trifolium pratense L., red clover; 
Vida faba L., broad bean. Experiment- 
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ally, also Cicer arietinum L.; Deamodium 
canadenae (L.) DC.; Lathyrua aativua L., 
grass pea; Lupinua albua L., white lupine; 
L. anguatifoliu8f blue lupine; L, denai- 
florua Benth.; L. hanwegii Lindl.; L. na- 
nua Dougl.; Medicago arabica Huds., 
spotted bur clover; M. hiapida Gaertn., 
toothed bur clover; Melilotus alba Dear., 
white sweet clover; M. indica All., annual 
yellow sweet clover; Af. officinalis (L.) 
Lam., yellow sweet clover; Phaaeolus 
acutifoliua Gray, tepary bean; P. vulgaris 
L., bean; Trifolium agrarium L.; T. caro- 
linianum Michx.; T. dubium Sibth.; T. 
glomeratum L., cluster clover; T, hy- 
bridum L., alsike clover; T. incarnatum 
L., crimson clover; T. procumbens L.; T. 
reflexum L.; T. suaveolensj Persian 
clover; Vida saliva L., common vetch. 

Insusceptible species: All tested spe> 
cies in families other than the Legum- 
inosae. 

Geographical distribution: United 
States, British Isles, Europe, New 
Zealand. 

Induced disease: In pea, clearing of 
veins in young leaves, followed by chloro¬ 
sis of newly formed leaves, stunting of 
plant, and systemic chlorotic mottling. 
In sweet pea, systemic chlorosis and 
chlorotic mottling, flower colors broken. 
In lupine, necrotic streak on one side of 
stem, stunting of plant and bending of 
growing point to injured side. Plant 
soon wilts and dies. In Vida faba j mot¬ 
tled leaves contain characteristic iso¬ 
metric crystals in host-cell nuclei (espe¬ 
cially within nucleoli) as well as in cell 
cytoplasm. 

Transmission: By inoculation of ex¬ 
pressed juice, with ease. By aphids, 
Macroaiphum pisi Kalt., M. solanifolii 
Ashm. (» M. gei Koch), and Aphis 
rumida Linn. {APHIDIDAE). Not 
transmitted through seed. 

Serological relationships: Specific pre¬ 
cipitin reactions differeiitiate this virus 
from tobacco-mosaic virus, tobacco-etch 
virus, potato-mottle virus, potato mild- 
mosaic virus, potato aucuba-mosaic virus, 
and tobacco-ringspot virus. 


Thermal inactivation: At 60^ C in 10 
minutes. 

Literature: Chester, Phytopath., IS6, 

1935, 686-701;. Doolittle and Jones, ibid,, 
IS, 1925,763-772; Johnson and Jones, Jour. 
Agr. Res., S4, 1937, 629-638; McWhorter, 
Phytopath., St, 1941, 760-761; Murphy 
and Pierce, ibid., 21, 1937, 710-721; Os¬ 
born, ibid., 27, 1937 , 589-603; Pierce, 
Jour. Agr. Res., Si, 1935, 1017-1039; 
Spierenburg, Tijdschr. Plantenz., 42, 

1936, 71-76; Zaumeyer and Wade, .Jour. 
Agr. Res., SS, 1936,161-185. 

20. Marmor pisi H. {loc. dt., 90). 
From Latin piaum, pea. 

Common name: Pea e nation-mosaic 
virus. 

Hosts: LEGUMINOSAE—Pisuyn aa^ 
iivum L., pea; Vidafaba L., broad bean. 
Experimentally, also Lathyrus odoratua 
L., sweet pea; Soja max (L.) Piper, soy 
bean; 7'rifolium incarnatum L., crimson 
clover. 

Insusceptible species: LEGUMINO- 
SAE—Arachis hypogaea L., peanut; 
Medicago saliva L., alfalfa; Mehlolus alba 
Desr., white sweet clover; M. officinalis 
(L.) Ijam., yellow sweet clover; Phaaeo¬ 
lus aureus Roxb., mung bean; P. vulgaris 
L., bean; Trifolium hybridum L., alsike 
clover; T. pratense L., red clover; T. 
repens L., white Dutch clover. SOL- 
A N A CEA E—Lycopersicon esculentum 
Mill., tomato; Solanum tuberosum L., 
potato. 

Geographical distribution: United 
States, perhaps Germany. 

Induced disease: In peas, systemic 
chlorotic mottling; in some varieties, as 
Alderman, occasional necrotic spots and 
numerous enations on lower surfaces of 
leaves. Pods distorted. In broad bean, 
systemic chlorotic spotting and striping 
of leaves. In sweet pea and soy bean, 
experimentally, systemic chlorotic mot¬ 
tling. 

Transmission: By inoculation of ex¬ 
pressed juice, using carborundum; more 
readily from aphid-inoculated plants than 
from mechanically-inoculated plants. 
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Infective in dilutions to 10 “ 8 . By aphids 
Macrosiphum pisi Kalt. and M. solani- 
Join Ashm. (=» M. get Koch) (APHI- 
DIDAE), with incubation periods of 
about 12 hours before the insects can 
infect: Not through seeds from diseased 
plants. 

Thermal inactivation ; At 66° C in 10 
minutes. 

Literature ; Boning, Forsch. Geb. Ptlan- 
zenkr. u. Immun. Pflanzenreich, 4,1927, 
43-111; Johnson and Jones, Jour. Agr. 
Res., 1937 , 629-638; Ix)ring ct al., 

Proc. Soc. Exp. Biol, and Med , 1938, 

239-241; Osborn, Phytopath., 1935, 
160-177; 28, 1938,749-754,923-934, Pierce, 
Jour. Agr. Res., 61, 1935, 1017-1039; 
Snyder, Phytopath., 24, 1934, 78-80, 
Stubbs, ibid., 27, 1937, 242-266. 

21. Marmor medicaginis H. (loc rU., 
91). From New Latin Medicago, generic 
name of alfalfa (lucerne). 

Common name : Alfalfa-mosaic virus. 

Hosts : LEG UMINOSA E—Medicago 
saliva L., alfalfa (lucerne). SOLANA- 
CEAE—Solannm tuberosum L , potato. 
Experimentally, also transmissible to 
many species of dicotyledonous plants 
(summarized by Price, Am. Jour. Bot , 
27, 1940, 630-541) including CUCURBI- 
TACEAE—Cucumts saiivus L., cucum¬ 
ber. COM POSIT AE—Zinnia elegans 
Jacq., zinnia. LEG U MINOSAE — 

Phaseolus vulgaris L., bean, Trifohum 
incarnaium L., crimson clover. SOL¬ 
AN ACE AE—Capsicum frutescens L., 
pepper; Lycopersicon esculenlum Mill., 
tomato; Nicotiana tahacum L., tobacco. 

Geographical distribution: United 
States. 

Induced disease: In alfalfa, systemic 
chlorotic Inottling, tending to be masked 
at times. In bean, (most varieties) 
small necrotic primary lesions, reddish 
brown at periphery. No secondary le¬ 
sions. Some bean varieties show no 
lesions after inoculation; one of these. 
Refugee Rogue, possesses two dominant 
genes either of which will confer this type 

resistance. In tobacco, white necrotic 


flecks, small rings and arcs on inoculated 
leaves; later, systemic mottling, followed 
by production of necrotic oak-leaf pat¬ 
terns ; virus content may be low in plants 
long diseased, especially in summer. 

Transmission: By inoculation of ex¬ 
pressed juice. By aphids, Macrosiphum 
pisi Kalt. (for typical strain) and M. 
solanifolii Ashm. (for potato-calico 
strain) {APNIDIDAE). Not through 
seeds from diseased plants. 

Immunological relationships: Resis¬ 
tance to superinfection with the type of 
this virus is conferred by earlier infection 
with iK)t:\to-calico virus (now considered 
a related strain but earlier regarded as 
distinct), but not by earlier infection 
with |)otato-mottle virus, cucumber- 
mosaic virus, or the Canada-streak strain 
of potato aucuba-mosaic virus. 

Thermal inactivation: At 65 to 70° C in 
10 minutes. 

Other properties: Sedimentation con¬ 
stant, 73.9 db 5.2 X 10“^* cm. per sec. 
in a unit centrifugal field. Specific 
volume 0 673 Particles spherical or 
nearly so Diameter 16.5 millimicrons; 
weight 2.1 X 10® times hydrogen unit. 
Isoelectric point about pH 4.6. Inacti¬ 
vated and, more sbwly, hydrolyzed by 
trypsin. 

Literature: Black and Price, Phyto¬ 
path ., SO, 1940,444-447; Lauffer and Ross, 
Jourt Am. Chem. Soc., 62, 1940,3296-3300, 
Pierce, Phytopath., 24, 1934 , 87-115; 
Price, Am. Jour. Bot., 27, 1940, 630-541; 
Ross, Phytopath., SI, 1941, 394-410, 410- 
420; Wade and Zaumeyer, Jour. Am. Soc. 
Agron., S2, 1940, 127-134; Zaumeyer, 
Jour. Agr. Res., 66 , 1938, 747-772. 

Strains: At least one strain of alfalfa- 
mosaic virus was formerly considered as 
an independent virus, causing a disease 
known as calico in potato. It has now 
been given varietal rank and distin¬ 
guished from the type, var. iypicum 
Black and Price (Phytopath., SO, 1940, 
446) by the following name : 

21a. Marmor medicaginis var. solani 
Black and Price (Phytopath., SO, 1940, 
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446). From New Latin Solarium, gen¬ 
eric name of potato. 

Common name: Potato-calico strain of 
alfalfa-mosaic virus. Differing from the 
type by inducing a more severe disease in 
potato, in which it is commonly found in 
nature. (Price and Black, Phytopath., 
SO, 1940,444-447; Dykstra, ibid., £9, 1939, 
917-933; Porter, Potato Assoc. Amer. 
Proc., 18, 1931, 65-69; Hilgardia, 6, 1931, 
277-294 ; 9, 1935, 383-394.) 

22. Marmor tullpae H. (loc. cii., 52). 
From New Latin Tulipa, generic name of 
tulip. 

Common name: Tulip color-adding 
virus. 

Hosts: LlLlACEAE—Tulipagtsneri- 
ana L., garden tulip; T. eichleri Hegel; 
T. greigi Regel. 

Insusceptible species: AMARYLLl- 
DACE AE—Narcissus sp., narcissus. 
IRIDACEAE—lris germanica L., iris. 
LILIACEAE^Allium cepa L., onion. 
SOLAN ACE AE—Nxcoiiana tabacum L., 
tobacco. 

Geographical distribution: Wherever 
hybrid tulips are grown. 

Induced disease: In tulip, no obvious 
effect on leaves but dark striping of flower 
by pigment intensification. Little inter¬ 
ference with growth of plant. No intra¬ 
cellular bodies. 

Transmission: By hypodermic injec¬ 
tions of expressed juice in dilutions to 
KT*. By aphids, Myzus persicae (Sulz.), 
Macfosiphum solanifolii Ashm. (= Af. 
gei Koch, Illinoia solanifolii Ashm.), 
Aphis (=s Anuraphis) tulipae B. de 
Fonsc. (on bulbs), and perhaps Macrosi- 
phum pelargonii Kalt. {APHIDIDAE). 
Not through seeds from diseased plants. 

Thermal inactivation: At 65 to 70® C in 
10 minutes. 

Literature: Hughes, Ann. Appl. Biol., 
18, 1931, 16-29; £1, 1934, 112-119; Mc¬ 
Whorter, Phytopath., ££, 1932, 998 
(Abst.); £5, 1935, 898 (Abst.); Ann. 
Appl. Biol.,^5,1938, 254-270. 


23. Marmor mite H. (loc. cii., 53). 
From Latin mitis, mild. 

Common name: Lily latent-mosaic 
virus. 

Hosts: LILIACEAE—Lilium amabile; 
L. auratum Lindl.; L, canadense L.; L. 
candidum L.; L. cernuum; L. chalcedoni- 
cum L.; L. croceum Chaix.; L. davmoitiae; 
L. elegans Thunb.; L. formosanum 
Stapf.; L. giganteum; L. henryi Baker; L. 
leucarUhum; L. longiflorum Thunb.; L. 
myriophyllum; L. pumilum; L. regale 
Wils.; L. sargeniiae Wils.; L. speciosum 
Thunb.; L. superbum L.; L. testaceum 
Lindl.; L. iigrinum Ker; L. umbellatum 
Hort.; L. wallacei; Tulipa gesneriana L., 
garden tulip; T. clusiana Vent.; T. Uni- 
folia Regel. 

Insusceptible species: LILIACEAE — 
Allium cepa L., onion; Lilium hansoni 
Leichtl. IRIDACEAE—Iris germanica 
L., iris. SOLAN ACE AE—’Nicotiana ta¬ 
bacum L., tobacco. 

Geographical distribution: Wherever 
lilies and tulips are cultivated. 

Induced disease: In Easter lily, masked 
symptoms or systemic chlorotic mottling, 
in either case without necrotic flecking. 
In tulip, systemic chlorotic mottling in 
foliage and flower “breaking” (color re¬ 
moval, except in a few varieties in which 
color intensification occurs instead). In¬ 
tracellular bodies characterize invaded 
tissues. 

Transmission: By inoculation of e\ 
pressed juice (rubbing surface of leaves;, 
in both lily and tulip. By plugging and 
grafting of dormant bulbs of tulip. By 
aphids, Myzus persicae (Sulz.), Macro- 
siphum solanifolii Ashm. (= M. gei 
Koch),and Aphis (= Anuraphis) tulipae 
B. de Fonsc. {APHIDIDAE). Not 
through seeds from mosaic Lilium longi¬ 
florum. 

Thermal inactivation: At 65 to 70® C 
in 10 minutes. 

Literature: Atanasoff, Bull. Soc. Bot. 
Bulgarie, 2, 1928, 51-60; Brierley, Phyto¬ 
path., £9, 1939, 3 (Abst.); SO, 1940, 250- 
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267; Si , 1941, 838-843; Brierley and Doo¬ 
little, ibid., SO, 1940, 171-174; Cayley, 
Ann. Appl. Biol., 16, 1928, 529-539 
1932, 153-172; Guterman, Hort. Soc. N. 
Y., Yearbk., 1980, 51-102; Hall, Card. 
Chron., 93, 1933, 330-331; Hughes, Ann. 
Appl. Biol,. 81, 1934, 112-119; McKay 
and Warner, Nat. Hort. Mag., 18, 1933, 
179-216; McWhorter, Phytopath., 85, 
1935, 898 (Abst.); Science, 86, 1937, 179; 
Ann. Appl. Biol., 86, 1938, 254-270; 
Science, 88, 1938, 411; Ogilvie and 

Guterman, Phytopath., 19, 1929, 311-315. 

24. Manner iridis H. {loc. cit., 55). 
From New Latin Ins, generic namci of 
iris. 

Common name: Iris-mosaic virus. 

Hosts: IRIDACEAR — Iris fiUJolia 
Boiss., I. tingitana Boiss. and Rent., and 
I.xiphium L., bulbous irises; Ins rirardi 
Hort.; /. unguicularis Poir.; bearded 
iris, variety William Mohr. 

Insusceptible species. SOLA N A- 
CEAE — Lycopersicon escnknturn Mill., 
tomato; Nicotiana tahacum L , tobacco; 
Petunia hybrida Vilm., petunia. LILIA - 
CEAE—Tulipa gesneriana L , tulip. 

Geographical distribution: United 
States (Washington, Oregon, California), 
Holland, Bulgaria, France, England. 

Induced disease: In bulbous irises, 
dwarfing of plant, chlorotic mottling of 
foliage, breaking of flowers. Rate of 
increase in planting stock decreased. 
Flower breaks usually darker than normal 
color of flower. Vacuolate intracellular 
bodies in some affected tissues. 

Transmission: By injection of freshly 
extracted juice of diseased plants into 
internodal tissue. By aphids, Macro- 
siphum (— Illinoia) solamfolii Ashm. 
and Myzus peraicae (Sulz.) {APHIDI- 
DAE). 

Literature: Brierley and McVUiorter, 
Jour. Agr. Res., 6S, 1936, 621-635. 

25. Marmor sacchari H. iloc. at., 60). 
From New Latin Saccharum, generic 


name of sugar cane, from Latin «ac- 
charum, sugar. 

Common name: Sugar-cane mosaic 
virus. 

Hosts: GRAMINEAE—Saccharum of^ 
ficinarum L., sugar cane; Holcus sorghum 
L., sorghum; //. sudanensis Bailey, 
Sudan grass; Brachiaria plaiyphylla 
Nash; Chaetochloa magna Scribn.; C. ver- 
iicillata Scribn.; Paspalum boscianum 
Fluegge; Syntherisma sanguinale Dulac. 
Experimentally, also Zea mays L., corn 
(maize); Chaetochloa lutescens Stuntz; 
Echinochloa crusgalli Beauv.; Miscanthua 
sinensis \nder8s., eulalia; Panicum di- 
chotomijiornm Michx.; Penmsetum glau- 
cum R. Br., pearl millet; Saccharum 
narenya Wall. 

Insusceptible species: All tested spe¬ 
cies other than Gramineae. 

Geographical distribution: Originally 
in P"ar East; now in nearly all countries 
where sugar cane is grown; believed still 
to be absent from Mauritius. 

Induced disease: In sugar cane, sys¬ 
temic mottling chlorosis, light areas of 
pattern elongated, but crossing veins. 
Occasionally, stem cankers. Regularly, 
discoloration and necrosis in mature inner 
stalk tissues. Vacuolate intracellular 
bodies occur in diseased tissues. Canes 
sometimes recover, spontaneously losing 
the virus and becoming susceptible to 
reinfection. 

Transmission: By inoculation of ex¬ 
pressed juice (puncture through inocu¬ 
lum into young leaf). By aphids. Aphis 
maidis Fitch, Carohnaia cyperi Ainslie, 
Hysteroneura setariae (Thomas), and 
Toxoptera graminum Rond.; not by 
Sipha flava Forl>es {APIIIDIDAE). 
Xot by Draeculacephala mollipes (Say) 
(CICADELLIDAE). 

Serological relationships: Specific neu¬ 
tralizing and precipitating antibodies 
have been demonstrated. 

Thermal inactivation: At 53 to 54° C in 
10 minutes in leaf tissues. 
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Other properties; Active after storage 
27 days at —6® C. 

Literature: Brandes, Jour. Agr. Res., 
19, 1920, 131-138, 517-522; £4, 1923, 247- 
262; Desai, Current Science, 5, 1935, 18; 
Forbes and Mills, Phytopath., SS, 1943, 
713-718; Ingram and Summers, Jour. 
Agr. Res., 5^., 1936, 879-888; Kunkel, 
Bull. Exp. Sta. Hawaiian Sugar Planters’ 
Assoc., l^t. Ser., S, 1924,115-167; Matz, 
Jour. Agr. Res., 45,1933, 821-839; Rafay, 
Indian Jour. Agr. Science 5, 1935, 663- 
670; Seln, Jour. Dept. Agr. Porto Rico, 
14, 1930, 40-68; Stoneberg, U. S. Dept. 
Agr., Tech. Bull. 10, 19^; Tate and 
Vandenberg, Jour. Agr. Res., 69, 1939, 
73-79. 

26. Manuor cepae H. (loc. cit., 66). 
From Latin cepa, onion. 

Common name: Onion yellow-dwarf 
virus. 

Host: LILIACEAE—’Allium cepa L., 
onion (the variety viviparum Metz, is 
symptomless when infected and may 
serve as an unrecognized reservoir of 
virus). 

Geographical distribution: United 
States, Germany, Czecho-Slovakia, Rus¬ 
sia, New Zealand. 

Induced disease: In onion (most varie¬ 
ties), yellow streaks at base of developing 
leaf, followed by yellowing, crinkling, 
and flattening of newly formed leaves; 
leaves prostrate, flower stalks bent, 
twisted, stunted; plants reduced in size, 
bulbs small, yield of seeds reduced. A 
few varieties of onion are relatively 
tolerant, and the tree-onion, var. vivi- 
parum is symptomless after infection. 

Transmission: By inoculation of ex¬ 
pressed juice. By 48 of 51 tested species 
of aphid, principally Aphis rumicis Linn., 
A. maidis Fitch, and Rhopaloaiphum 
prunifoliae ¥itch (AP HI DID AE). Not 
through seeds from diseased plants. Not 
by contaminated soil. 

Thermal inactivation: At 75 to 80® C 
in 10 minutes. 

Other properties: Virus withstands di¬ 
lution to 10~<, storage at 29® C for about 


100 hours and storage at —14® C for more 
than time tested (6 hours), but is inacti¬ 
vated by drying in leaf tissues. 

Literature: Andreyeff, Rev. Appl. 
Mycol., 17, 1938, 575-576; Blattny, Och- 
rana Rostlin, 10, 1930, 130-138; Bremer, 
Phytopath. Ztschr., 10, 1937, 79-105; 
Brierley and Smith, Phytopath., S4y 1944, 
506-507; Chamberlain and Bay]is. New 
Zealand Jour. Science and Technology, 
£1, 1939, 229A-236A; Drake et al., Iowa 
State Coll. Jour. Science, 6, 1932, 347- 
355; Jour. Econ. Ent., £6, 1933, 841-846; 
Henderson, Phytopath., £0, 1930, 115 
(Abst.); Iowa State Coll., Research 
Bull. 188, 1935, 211-255; Melhus et al.. 
Phytopath., 19, 1929, 73-77; Porter, U. 
S. Dept. Agr., Plant Dis. Rept., 1£, 1928, 
93; Tate, Iowa State Coll. Jour. Science, 
14y 1940, 267-294. 

27. Marmor scilleanim Smith and 
Brierley (Phytopath., 34, 1944, 503.) 
From New Latin Scilleae, name of tribe 
in which hosts are classed. 

Common name: Ornithogalum-mosaic 
virus. 

Hosts: LILIACEAE (of the tribe 
Scilleae)— Ornithogalum thyrsoides Jacq.; 
probably also Galtonia candicana Decne.; 
Hyacinthua orienialia L., hyacinth; La- 
chenalia sp. 

Insusceptible species: LILIACEAE 
(of the tribe Scilleae)— Muacari botry- 
otdes Mill.; Scilla peruviana L.; Camaaaia 
leichtlinii (Baker) S. Wats.; Hyacinthua 
azureua (Fenzl.) Baker. AMARYLLI- 
DACEAE—Pancratium maritimum; Ze- 
phyranthus sp. IRIDACEAE — Tri- 
tonia crocata (L.) Ker. LILIACEAE— 
Agapanthua africanua; Allium cepa, 
onion; A. cernuum Roth.; A. fiatuloaum 
L.; A. porrum L.; Glorioaa rothachildiana 
O’Brien; Lilium formoaanum Stapf.; and 
L. longiflorum. SOLAN ACE AE — Ni- 
cotiana tabacum L. 

Geographical distribution: United 
States (Oregon; probably also Alabama 
and presumed to be widespread in plants 
of the squill tribe, Scilleae, of the family 
LILIACEAE). 
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Induced disease: In Ornithogalum thyr- 
aoidea, young leaves finely mottled with 
light and dark green, and becoming more 
conspicuously mottled with gray or yel¬ 
low as the leaves mature; flower stalks 
sometimes boldly marked with light and 
dark green blotches. In perianth seg¬ 
ments, thin longitudinal streaks. 


Transmission: By inoculation of ex¬ 
pressed juice in the presence of fine 
carborundum powder, with difficulty. 
By aphids, Aphis gossypii Glov., Macro^ 
siphum lilii Monell, Af. solanifolii Ashm., 
and Myzus persicae (Sulz.); less effici¬ 
ently by Myzus circumflexus (Buckt.) 
(APHIDIDAE), 


Key to the species oj the Miscellaneous Mosaic-Virus Group, 


Many of the following viruses, although described in some detail in the literature, 
stand in need of reinvestigation to determine additional properties and possible rela¬ 
tionships to preceding groups. 


I. Affecting species of 

28 . Marmor abutiUm, 

II. Affecting species of CELASTRACEAE. 

29 . Marmor euonymi. 


III. Affecting species pf OLE ACE AE. 

30. Marmor ligustri, 

IV. Affecting species of LEGUMINOSAE (and no. 39, other families also). 

31. Marmor laburni, 

32. Marmor arachidis. 

33. Marmor trifolii, 

34. Marmor pachyrhizi, 

35. Marmor vignae. 

36. Marmor repens. 

37. Marmor fastidiens. 

38. Marmor iners. 

39. Marmor efficiens . 

V. Affecting species of GRAMINEAE. 

40. Marmor triiici. 

41. Marmor graminis. 

VI. Affecting species of MUSACEAE. 

42. Marmor abaca. 


VII. 

VIII. 


Affecting species of 
Affecting species of 


PASSIFLORACEAE. 

43 . Marmor passiflorae. 
ROSACEAE. 

44 . Marmor flaccumfaciens. 

45 . Marmor rosae. 

46 . Marmor veneniferum. 

47 . Marmor mali. 

48 . Marmor fragariae. 

49 . Marmor marginans. 

60 . Marmor rubi. 

51 . Marmor persicae. 


52 . Marmor asiri. 

53 . Marmor rubiginosum, 

54 . Marmor cerasi. 

56 . Marmot lineopictum. 

56 . Marmor pallidolimbatus, 
67 . Marmornerviclarens, 
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IX. Affecting species of VITACEAE. 

58. Marmor viticola, 

X. Affecting species of SANTALACEAE. 

59. Marmor santali. 

XI. Affecting species of CONVOLVULACEAE and, experimentally, of other 
families. 


60. Marmor secretum, 

XII. Affecting species of GERANIACEAE. 

61. Marmor pelargonii. 

XIII. Affecting species of SOLAN ACE AE and in most cases also of other families. 

62. Marmor angliae, 

63. Marmor aevi, 

64. Marmor raphani. 

XIV. * Affecting species of PRIM ULACEAE. 

65. Marmor primulae. 

XV. Affecting species of MORACEAE, 

66. Marmor caricae. 

XVI. Affecting species of RUTACEAE, 

67. Marmor italicum. 


28. Mannor abutilon H. (2oc. cit.y 50). 
From New Latin Abuiilor^^ generic name 
of a host. 

Common name: Abutilon-mosaic virus. 

Hosts: MALV ACE AE—Abutilon stri¬ 
atum Dicks, var. thompsonii Veitch. 
Experimentally, also Abutilon arboreum 
Sweet; A. avicennae Gaertn.; A. esculen- 
turn St. Hil.; A. indicum Sweet; A. in- 
aigne Planch.; A. megapotamicum St. Hil. 
and Naud.; A. regnellii Miq.; A. sellowi- 
anum Regel; A. venosum Lem.; A. viti- 
folium Presl.; Althaea ficifolia Cav.; A. 
officinalis L.; A. rosea Cav.; Anoda has- 
tata Cav.; Kitaibelia vitifolia Willd.; 
Malva borealis; M. crispa; M, mauritiana 
Mill.; M, sylvestris L.; M, verticillata L,; 
Malvastrum capense Garcke; Modiola de- 
cumbens G. Don.; Sida mollis Herb.; S. 
napaea Cav.; Sidalcea Candida A. Gray. 

Insusceptible species: MALVACEAE 
—Althaea taurinejisis; Sidalcea purpurea; 
Sphaeralcea umbellata G. Don. 

Geographical distribution: Germany, 
France, England, United States; orig¬ 
inally obtained from a single variegated 
seedling found among green plants of 
Abutilon striatum imported from the 
West Indies in 1868 by Veitch and Sons ; 
subsequently the infected plant was 


propagated vegetatively as an ornamental 
variety. 

Induced disease : In Abutilon, systemic 
chlorotic mottling. Recovery occurs if 
there is persistent removal of affected 
leaves, suggesting that the virus does not 
increase in stems. After recovery, plants 
are susceptible to reinfection. 

Transmission: By grafting, except 
patch-bark-grafting, which is ineffective. 
Occasionally through seeds from diseased 
plants. Not by inoculation of expressed 
juice. No insect vector is known. 

Varieties: Distinctive strains have 
been noted, but not separately named; 
one isolate originally occurring in Abuti¬ 
lon darwini var. tesselatum, seems to be¬ 
long here; it differs from the type princi¬ 
pally in severity of induced disease and 
in ability to infect Lavatera arborea. 

Literature : Baur, Ber. d. Deutsch. Bot. 
Gesellsch., Be, 1004, 453-460; B4, 1906, 
416-428; B5, 1907, 410-413; K. Preuss. 
Akad. Wiss., Sitzungsber., 1906, 11-19; 
Davis, Ann. Missouri Bot. Card., 16, 
1929, 145-226; Hertzsch, Ztschr. f. Bot., 
BO, 1927, 65-85; Keur, Phytopath., BS, 
1933, 20 (Abst.); B4, 1934, 12-13 (Abst.); 
Bull. Torrey Bot. Club, 61, 1934, 53-70; 
Lindemuth, Gartenfiora, SI, 1902, 323- 
326. 
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29. Marmor euonyml H. {loc. cit.y 51). 
From New Latin Euonymusy generic name 
of host. 

Common name: Euonymus-mosaic 
virus. 

Hosts: CELASTRACEAE^-Euony- 
mu8 japomca L. f. (sometimes written 
Evonymus japonicua). Probably also E. 
radicans Sieb. 

Geographical distribution: Gernutny 

Induced disease; In EuoYiyynus japon- 
tea, persistent yellowing along veins. 

Transmission: By grafting 

Literature: Baur, Ber. d. IVutsch 
Bot. Gesellsch., ^6*a, 1908, 711-713, 
Rischkow, Biol. Zentralbl., 47, 1927, 
752-761. 

30. Marmor ligustri H. (loc cit., 52). 
From New Latin Liyystrumy generic 
name of host, from Ijalin ligustruniy 
ancient name of pnvel plant. 

Common name: Lig list rum mosaic 
virus. 

Host: OLEACEAE—fjujustnurn vul- 
gare L., common privet. 

Geographical distribution• Germany. 

Induced disease: Systemic chlorotic 
spotting. 

Transmission: By grafting. Not 
through seeds from diseased plants. 

Literature • Baur, Ber. d. Deutsch 
Bot. Gesellsch., ^6, 1907, 410-413. 

31. Marmor laburni II. (lor. cii ,51). 
From generic n.*irne of a host plant, 
Laburnum vulgare. 

Ck)inmon name: Laburnum-mosaic 
virus. 

Hosts: LEGUMINOSAE -Laburnum 
vulgare Griseb. (= L anagyroides Med¬ 
ic.), bean tree. Experimentally, also 
Cytisua hirsutus L. 

Insusceptible species: LEGUMINO- 
SAE — Laburnum alpinum Griseb.; Cy- 
tisus purpureus. 

Geographical distribution: Germany. 

Induced' disease: Systemic chlorotic 
variegation. 

Transmission: By bark grafts or by 


budding. Not through seeds from dis¬ 
eased plants of Laburnum vulgare. 

Literature: Baur, Ber. d. Deutsch. 
Bot. Gesellsch., 26y 1907, 410-413. 

32. Marmor arachidis H. (loc. cit.y 67). 
From New Latin ArachiSy generic name 
of peanut. 

Common name: Peanut-rosette virus. 

Host: LEGUM INOSAE — Arachis hy- 
pogaea L., peanut. 

Geographical distribution: Union of 
South Africa, Madagascar, Tanganyika 
Territory, TTganda, Senegal, Gambia, 
Sierra Leone, Java. 

Induced disease: In peanut, yellowing 
of young leaves, at first with green veins; 
reduction in leaf size, petiole length, and 
internode length, producing rosette; 
curling ami distortion of later-formed, 
wdiolly chlorotic or chlorotically mottled 
leaflets. Seed formation inhibited. No 
abnormal proliferation of tissues. 

Transmission: By grafting. By both 
winged and wingless individuals of the 
aphid, Aphs laburni Kalt. (=4. legum- 
inome Theob.) (APUIDIDAE). Not 
by 13 tested species of leafhoppers. Not 
by inoculation of expressed juice. Not 
through seed f“rom diseased plants. Not 
through soil. 

Literature: Hayes, Trop. Agr., P, 1932, 
211-217; McClintock, Science, 4^, 1917, 
47-48; Soyer, Publ. Inst. Nat. fitud. 
Agron. Congo Beige, S5r. Sci., 21y 1939, 
23 pages (Rev. Appl. Mycol., fP, 1940, 
386, Abst.); Storey and Bottomley, Ann. 
Appl. Biol., 15y 1928, 26-45; Zimmerman, 
Der Pflanzer, 3, 1907, 129-133; P, 1913, 
59-63. 

33. Marmor trifolii H. (loc. cit.y 93). 
From New Latin Trxfoliumy generic name 
of red clover, from Latin trifoliumy clover. 

Common name: Red-clover vein-mo¬ 
saic virus. 

Hosts: LEG UMINOSAE— Trifolium 
pratense L., red clover; Lathyrua odoraius 
L., sweet pea; Vida faba L., broad bean. 
Experimentally, also Trifolium hybridum 
L., alsike clover; T. incarnatum L., crim- 
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son clover; T. repens L., white clover; 
Melilotus alba Desr., white sweet clover; 
Pisum sativum L., pea. 

Insusceptible species: LEGXJMINO- 
SAE—Phaseolus vulgaris L., bean; P. 
aureus Roxb., niung bean; Medicago sali¬ 
va L., alfalfa. SOLAN ACE AE — Lyco- 
persicon esculenium Mill., tomato; Nico- 
tiana tahacum L., tobacco; N. glutinosa 
L.; N. langsdorffii Weinm.; N. rustica 
L.; N, sylvesiris Spegaz. and Comes; 
Solanum tuberosum L,, potato. 

Geographical distribution: United 
States. 

Induced disease: In red clover, yellow 
color along veins, but no mottling. Some¬ 
times small yellow spots in interveinal 
areas. Little or no stunting. In Vicia 
/a6a, experimentally, necrotic splotches 
or rings sometimes at site of inoculation. 
Clearing of veins followed by appear¬ 
ance of whitish bands along the veins. 
Stalks discolored, purplish. Diseased 
plants are stunted and often die back to a 
point near the base of the stalk, inducing 
new growth from buds on the stem. 

Transmission: By inoculation of ex¬ 
pressed juice, using carborundum. By 
aphid, Macrosiphum pisi Kalt. {APMI¬ 
DI DAE) ^ without incubation period and 
without long retention. Not by aphids, 
Macrosiphum solanifolii Ashm. (= M. 
gei Koch) or Aphis rumicis Linn. 
{APHIDIDAE). 

Thermal inactivation: At 60® C in 10 
minutes. 

Literature: Osborn, Phytopath., 27, 
1937, 1061-1058; Zaumeyer, Jour. Agr. 
Res., 66, 1938 ; 747-772; Zaumeyer and 
Wade, Phytopath., 27, 1937, 1009-1013. 

34. Marmor pachyrhizl spec. nov. 
From New Latin Pachyrhizus, generic 
name of sincamas. 

Common name: Sincamas-mosaic virus. 

Host: LEO UMI NOS AE—Pachyrhi¬ 
zus erosus (L.) Urb., sincamas (yam 
bean). 

Insusceptible species: LEOUMINO- 
SAE^Phaseolus vulgaris L., bean. 


Geographical distribution: Philippine 
Islands. 

Induced disease : In sincamas, chlorotic 
mottling of foliage; in plants infected 
when young, dwarfing. 

Transmission: By inoculation of ex¬ 
pressed juice, in the presence of sand as 
abrasive. Through about 25 percent of 
the seeds from infected plants. Not 
through soil, interlacing of roots, or casual 
contacts of leaves and stems. No insect 
yector is known. 

Literature: Fajardo and Marafion, 
Philippine Jour. Science, 45, 1932, 129- 
142. 

35. Marmor vignae spec. nov. From 
New Latin Vigna, generic name of cow- 
pea, from family name of an Italian 
botanist, Domenico Vigna. 

Common name: Cowpea-mosaic virus. 

Hosts: LEGUMINOSAE—Vigna sin¬ 
ensis (L.) Endl., cowpea. Experimen¬ 
tally, also Phaseolus lunatus L., lima bean. 

Geographical distribution: United 
States (Arkansas, Oklahoma, Louisiana, 
Indiana, Georgia, Iowa, Mississippi, Kan¬ 
sas, IJew Jersey). 

Induced disease: In cowpea, clearing of 
veins followed by chlorotic mottling, 
slight convex cupping of leaflets, short¬ 
ened internodes, abortion of flowers, 
twisting of petioles, delayed maturity. 
Malformation of leaves, stunting of 
plants, and reduction of yield more pro¬ 
nounced in some varieties of cowpea than 
in others. 

Transmission: By inoculation of ex¬ 
pressed juice, especially in the presence 
of fine carborundum powder. By aphids, 
Macrosiphum solanifolii Ashm., M, pisi 
Kalt., Aphis gossypii GIov. {APHIDI¬ 
DAE) ; not by various beetles nor by the 
bean leaf hopper, Empoasca fabae LeB. 
{CICADELLIDAE). Through 5 per 
cent of seeds from infected cowpea plants. 

Thermal inactivation: At 72 to 76® C 
in 10 minutes. 

Other properties: Infectious in dilu¬ 
tions as high as 1:1000 and after 2 days 
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storage in expressed juice at room tem¬ 
perature, 20 to 25^ C. 

Literature: Elliott, Phytopath., 11, 
1921, 146-148; Gardner, Indiana Acad. 
Science Proc., 86, 1927, 231-247; 57,1928, 
417; McLean, Phytopath., 31, 1941, 420- 
430; Smith, Science, 60, 1924, 268. 

36. Marmor repens Johnson. (Phyto¬ 
path., 55, 1942,114.) From Latin repens, 
unlocked for, in reference to unexpected 
discovery of this virus as a constituent of 
a complex formerly regarded as a single 
virus, so-called “white-clover mosaic 
virus”. 

Common name : Pea-wilt virus. 

Hosts: LEGUMINOSAE—Trifolium 
repens L., white clover. Experimen¬ 
tally, also Laihyrus odoratus L.,Lens escu- 
lenta Moench.; Lupinus olhvs L.; Medi- 
cago lupulina L.; Melilotus alba Desr.; 
Phaseolus aureus Iloxb., miing bean; P. 
vulgaris L., bean; Pisurn satinm Ti , pea; 
Trifoltum hybridurn L., T. incarnatum 
L.; T. pralense L.; Vicin faba L.; V. 
saliva L.; smensis (L.) Endl., 

cowpea. 

Insusceptible species * CARYOPIIYL- 
LACEAE—Stellaria media (L.) Cyrill. 
CHENOPODIACEAE—Beta vulgaris 
L.; Spinacia oleracea L. COMPOSI- 
TAE—Callistephus chinensts Nees; Lac- 
tuca saliva L.; Taraxacum officinale 
Weber; Zinnia elegans Jacq. CRUCI- 
FERAE—Barbarea vulgaris R. Br.; 
Brassica oleracea L.; Raphanus sativus 
L. CUCURBITACEAE—Cucumis sa- 
tivus L. GRAM I NEAE—Zea mays L. 
LEGUMINOSAE-^Glycine max Merr.; 
Lupinus hirsulus L.; Medicago saliva 
L. LILIACEAE—Lilium formosanum 
Stapf. PLANTAGINACEAE-Plan- 
tago lanceolala L.; P. major L. POLY¬ 
GON ACE AE—Rumex acetosella L. 
SCROPHULARIACEAE — Antirrhi¬ 
num majus L. SOLAN ACE AE Da¬ 
tura stramonium L.; Lycopersicon escu- 
lentum Mill.; Nicotiana glutinosa L.; N. 
rustica L.; N, sylvesiris Spegaz. and 
Comes; N, tabacum L.; Solanum nig¬ 
rum L. 


Geographical distribution: United 
States (Washington). 

Induced disease: In white clover, sys¬ 
temic chlorotic mottling. In pea, experi¬ 
mentally, originally infected leaves wilt 
and die, remaining attached to the stem 
by their shriveled petioles; a few adjacent 
lower leaves may also wilt and die; in 
most varieties the top foliage remains 
green, but in two varieties, Alaska and 
Canada White, it mottles faintly; stems 
show faint grayish discoloration; plants 
are retarded in growth and dwarfed. If 
pea-mottle virus, Marmor efficiens John¬ 
son, is also present, a severe streak dis¬ 
ease oc( urs. Intracellular inclusions ab¬ 
sent. In mung bean, experimentally, 
necrotic zonatc local lesions. In cowpea, 
experimentally, brown necrotic local 
lesions in inoculated primary leaves, 
diffuse areas of bleaching in uninoculated 
trifoliate leaves. In bean, experimen¬ 
tally, mild chlorotic mottling except in 
thiee varieties that appear insusceptible 
(varieties Ideal Market, Kentucky Won¬ 
der, and Navy Robust). 

Transmission: By inoculation of ex¬ 
pressed juice. Not by dodder, Cuscuta 
campestris Yunck. (CONVOLVULA- 
CEAE). Not by pea aphid. Macro- 
siphum pisi Kalt. (APHIDIDAE)» 
No insect vector is known. 

Thermal inactivation : At 68 to 60® C in 
10 minutes. 

Filterability: Passes Berkefeld W filter 
candle. 

Other properties: Infectious in dilution 
of 1:100,000. Not inactivated by storage 
in juice of infected plants at about 25® C 
for one month or by similar storage in 
dried tissues of infected pea plants. 

Literature: Johnson, Phytopath., 55, 
1942,103-116; Pierce, Jour. Agr.'Res., 61, 
1936, 1017-1039. 

37. Murmor fastidiens spec. nov. 
From Latin fastidiens, disdaining, in 
reference to slight irregularities in the 
reported host ranges of constituent 
strains and failure of this virus to infect 
certain varieties of the pea although it 
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may utilize many other varieties of this 
species as host. 

Common name: Alsike-clover mosaic 
virus. 

Hosts: LEGUMINOSAE^Trifoliuin 
hyhridum L., alsike clover; Pisum sati¬ 
vum L., pea (except the varieties Horal, 
Perfection, and Surprise). Experimen¬ 
tally, also Crotalaria striata DC.; C. 
retusa L.; and C. spectabilis Roth (the 
two last-named species are reported to be 
insusceptible to the type strain of the 
virus, but susceptible to one or more of 
the other tested strains); Lupinus albus 
L.; L. angustifolivs L.; Medicago sativa 
L.; Melilotus alba Desr.; Phaseolus vul¬ 
garis L., bean; Trifolium incarnatum L.; 
T, praiense L.; Vida faba L. 

Insusceptible species: SOLANA- 
CEAE—Datura stramonium L.; Nico- 
tiana glauca Graham; N. glutinosa L.; 
N. tabacum L.; Petunia hybrida Vilm. 
LEG UMI NOS AE—Phaseolus aureus 
Roxb., mung beau; P, lunatus L., sieva 
bean; Soja max (L.) Piper, soybean, 
Trifolium repens L., white clover; Vicia 
sativa L., spring vetch. 

Induced disease: In pea and bean, ex¬ 
perimentally, systemic chlorotic mot¬ 
tling ; some isolates kill inoculated leaves 
and even cause death of infected plants. 

Transmission: By inoculation with ex¬ 
pressed juice, at dilutions to 1:6000 or 
1:8000. No insect vector is known. 

Thermal inactivation: At 60 to 65° C in 
10 minutes; one strain at lower tempera¬ 
ture, 54 to 58° C. 

Strains: Several strains have been dis¬ 
tinguished by the severity of their effects 
on host plants. These may be charac¬ 
terized as follows: var. fastidiens, var. 
nov.f type variety, the first of the strains 
to be described (originally known as 
alsike clover mosaic virus 1), induces mild 
disease in pea, does not infect red clover; 
var. mit€y var. nov.f described as pea 
mosaic virus 4, induces mild symptoms 
on pea, infects red clover ; var. reprimenSf 
var. nov.f described as pea mosaic virus 
5, stunts peas severely; var. denudanSf 
var. nov.f described as alsike clover mosaic 


virus 2, defoliates pea plants. Varietal 
names from New Latin fastidienSf epithet 
of the species, and from Latin mitiSf mild; 
reprimerSf to restrain; and denudare, to 
denude; all three in reference to induced 
symptoms. 

Literature: Wade and Zaumeyer, Phy- 
topath., 28f 1938, 505-511; Zaumeyer, 
Jour. Agr. Res., 60f 1940,433-452. 

38. Marmor iners spec. nov. From 
Latin iners, sluggish or inert, in reference 
to failure of the virus to spread systemi- 
cally in certain of its hosts. 

Common name : Pea-streak virus. 

Hosts: LEGUMINOSAE—Pisum sa¬ 
tivum L., pea. Experimentally, also 
Galega officinalis L., goat’s rue; Glycine 
soja Sieb. and Zucc., soya bean; Lathyrus 
odoralus L., sweet pea; Lotus hispidus 
Desf.; Lupinus angustifolius L., blue 
lupin; L. luteus L., yellow lupin; L. 
rnutabilis Sweet; Phaseolus vulgaris L., 
bean; Trifolium arvense L., haresfoot 
trefoil; T. cernuum Brot., nodding clover; 
T. fragiferum L., strawberry clover; T. 
glorneratum L , cluster clover; T. hybri- 
dum L., alsike clover; T. pratense L., red 
clover; T. repens L., white clover; Vicia 
villosa Roth., hairy vetch. CUCUR¬ 
BIT ACE AE — Cucumis melo L., rock 
melon; C. sativus L., cucumber; Cucur- 
biia pepo L., marrow. 

Insusceptible species: CIIENOPODI- 
A CEA E — Sp Inacia oleracea L. , spi nac h ; 
Beta vulgaris L., beet. COMPOSITAE 
—Calendula officinalis L , calendula; 
Lactuca sativa L., lettuce; Zinnia elegans 
Jacq., zinnia. CliUCIFERAE — Brass- 
ica napus L., swede; B. oleracea L., cab¬ 
bage; B. rapa L., turnip; Matthiola in- 
cana R. Br., stock; Raphanus sativus L., 
radish; Sisymbrium officinale (L.) Scop., 
hedge mustard. LEG UMINOSA E— 
Arachis hypogaea L., peanut; Lathyrus 
latifolius L., perennial sweet pea; L. 
pubescens Hook, and Arn., Argentine 
sweet pea; Lotus corniculatus L.; Lupinus 
arboreus Sims, tree lupin; Medicago 
arabica Huds.; M. saliva L., lucerne (al¬ 
falfa) ; Phaseolus multiflorus Willd., run- 
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ner bean; Trifolium striatum L., striated 
clover; T. suhterraneum L., subterranean 
clover; Vida faba L., broad bean. 
PLANT A.G IN ACE AE — Plautago 
lanceolata L., plantain. SCROPIIU- 
LARIACEAE—Antirrhinum majus L. 
SOLANACEAE—Cyphomandra beiacea 
Sendt.) tree tomato; Datura stramonium 
L., Jimson weed; Nicotiana glauca R. 
Grab.; N . rustica L., Turkestan tobacco; 
N. tabacum L., tobacco; Physalis peru¬ 
viana L., Cape gooseberry, Solanum 
nigrum L., black nightshade. TliOPAE- 
OLACEAE—Tropaeolum majus L . nas¬ 
turtium . UM BELL IFERA E~A pivm 
graveolens L., celery. 

Geographical distribution: New Zea¬ 
land. 

Induced disease: In the pea, stunting, 
wilting of young leaves, purple or purple- 
brown spotting on young leaves, dark 
streak on stem. Near tip, stem may die. 
Stem becomes brittle, tip bent to one 
side. Pods may remain flat and turn 
dark purple or purple-brovi n, or if already 
formed may show purple or [)urple-brown 
markings. Older leaves turn yellow, 
then browm and shrivelled. Infectcil 
plants usually die within two or three 
weeks. In inoculated plants small brown 
primary lesions, rapidly increasing in size 
especially along veins, eventually involve 
the whole leaf; petiole and stem streak 
follows. Among garden peas, the varie¬ 
ties Pride of the Market, Little Marvel, 
Wm. Massey and Autocrat arc little af¬ 
fected; among field peas, the varieties 
Unica and White Ivory are equally resis¬ 
tant. In cucumber, experimentally, 
numerous brown, necrotic local lesions, 
each with light colored center and sur¬ 
rounding light-yellow halo. In bean, 
experimentally, local and systemic necro¬ 
sis, stem streak, death of plant. 

Transmission: By inoculation of ex¬ 
pressed juice, best with an abrasive pow¬ 
der such as fine sand. Not by Myzus 
persicae (Sulz.), Macrosiphum solani 
(APIIIDIDAE), nor Thrips tabaci 
Lind. (THRIPIDAE), No insect vec¬ 
tor is known. 


Thermal inactivation: At 78 to 80® C 
in 10 minutes. 

Filterability: Passes Mandler filters of 
preliminary, regular, and fine grades. 

Other properties: Dilution end point 
1:10*. Not inactivated at room tem¬ 
perature in 41 days. 

Literature: Chamberlain, New Zea¬ 
land Jour. Science and Technology, 20^ 
1939, 265A-381A. 

39. Marmor efficiens Johnson. (Phy¬ 
topath., 82y 1912, 114.) From Latin 
efficiensy effective, in reference to ability 
of this vii us to cause mottling in all tested 
varieties >f pea in contrast with inability 
of pea-wilt virus, a second constituent of 
the complex earlier known as “white- 
clover mosaic virus,** to produce such 
chlorotic symptoms in tested varieties 
other than Alaska and Canada White. 

Common name: Pea-mottle virus. 

Hosts: LEG UMI NOS A E—Trifolium 
repens L., white clover; Pisum sativum 
L., pea. Experimentally, also CARYO- 
PHYLLACEAEStellaria media (L.) 
Cyrill. CHENOPODIACEAE—Spin- 
acta oleracea L., spinach. CUCURBI- 
T ACEAE — Cucumis sativus L. LE- 
GUMINOSAE-Lathyrus odoratus L.; 
Lens esculenta Moench.; Lupinus albus 

L. ; L, hirsutus L.; Medicago lupulina L.; 

M. saliva L., alfalfa (lucerne); Meliloius 
alba Desr.; Phaseolus aureus Roxb.; P. 
vulgaris L., bean; Trifolium hybridum 
L.; T. incarnalnm L.; T. pratense L.: 
Vicia faba L.; F. sativa L. SCRO- 
PH ULARIACEAE—Antirrhinum ma¬ 
jus L. 

Insusceptible species: CHENOPODI- 
ACEAK — Beta vulgaris L., sugar beet. 
COM POSIT A E—CalUstephus chinensis 
Nees; Lactuca saliva L.; Taraxacum offi¬ 
cinale Weber; Zinnia elegans Jacq. 
CRUCIFERAE—Barbarea vulgaris R. 
Br.; Brassica oleracea L.; Raphanus 
sativus L. GRAM IN EAE—Zea mays 
L. LEGUMINOSAE — Glycine max 
Merr.; Vigna sinensis (L.) Endl. LILI- 
ACEAE—Lilium formosanum Stapf. 
PLANT AGIN ACEAE — Plantago 
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lanceolaia L.; P. major L. POLYGON- 
ACEAE—Rumex aeetoaella L. SOLA N- 
ACEAE—Datura stramonium L.; Lyco- 
persicon esculentum Mill.; Nicotiana 
glutinosa L.; N, rustica L.; N, sylvestris 
Spegaz. and Comes; N, tabaciim L.; 
Solanum nigrum L. 

Geographical distribution: United 
States (Washington). 

Induced disease: Experimentally, in 
pea, developing leaves late in opening; 
clearing of veins, chlorotic spotting, 
stunting, chlorotic mottling; stipules 
mottled; stems, pods, and seeds appear 
normal. If pea-wilt virus (Marmor re¬ 
pens Johnson) is also present, a severe 
streak disease occurs. Intracellular in¬ 
clusions absent. In bean, light yellow 
spots and clearing of veins. In spinach, 
severe chlorotic mottling, dwarfing. In 
alfalfa, streaks of yellowing along veins, 
chlorotic mottling. 

Transmission: By inoculation of ex¬ 
pressed juice. By dodder, Cuscuta cam- 
pestrisYunck. {CONVOLVULACEAE), 
Not by pea aphid, Macrosiphum pisi 
Halt. {APHIDIDAE), No insect vec¬ 
tor is known. 

Thermal inactivation: At 60 to 62® C 
in 10 minutes. 

Filterability: Passes Berkefeld W filter 
candle. 

Other properties: Infectious in dilu¬ 
tion of 1:10,000 and after storage in ex¬ 
pressed juice or dried tissues for one 
month at about 25® C. 

Literature: Johnson, Phytopath., S2, 
1942, 105*-! 16; Johnson and Jones, Jour. 
Agr. Res., 64, 1937, 629^38; Pierce, ibid., 
61, 1935,1017-1039; Zaumeyer and Wade, 
ibid., 61, 1935, 715-749. 

40. Marmor tritici H. {loc. cit., 61). 
From Latin iriticum, wheat. 

Gommon names: Wheat-mosaic virus, 
wheat-rosette virus. 

Hosts: ORAMINEAE—Triticum aes- 
tivum L., wheat; Secale cereals L., rye. 
Experimentally, also all tested species of 
the tribe Hordeae; Triticum compactum 
Host; T. turgidum L.; T. durum Deaf.; 


T. dicoccum Schrank; T. spelia L.; T. 
polonicum L.; T. monococcum L., Hor- 
deum vulgare L., barley. 

Insusceptible species: ORAMINEAE 
—Bromus inermis Leyss., awnless brome- 
grass (of the tribe Festuceae). 

Geographical distribution: United 
States, Japan. 

Induced disease: In wheat, systemic 
chlorotic mottling, with dwarfing in some 
varieties; vacuolate, rounded intracellu¬ 
lar bodies in diseased cells, usually close 
to nucleus. Some selections of Harvest 
Queen wheat are resistant. 

Transmission: Through soil; remains 
infectious in soil 6 or more years. By in¬ 
oculation of expressed juice (needle punc¬ 
tures in stem). Not through seeds or 
stubble of diseased plants. No insect 
vector is known. 

Thermal inactivation: Contaminated 
soil becomes incapable of infecting wheat 
plants if heated for 10 minutes at 60® C 
though not if heated for the same length 
of time at 50® C. 

Literature; Johnson, Science, 96, 1942, 
610; McKinney, Jour. Agr. Res., 9$, 1923, 
771-800; U. S. Dept. Agr., Bull. 1361, 
1925; U. S. Dept. Agr., Circ. 442, 1937; 
Jour. Agr. Res., 40, 1930, 547-556; Mc¬ 
Kinney et al., ibid., 26, 1923, 605^8; 
Wada and Hukano, Agr. and Hort., 9, 

1934, 1778-1790 (Rev. Appl. Mycol., 

1935, 618, Abst.); Jour. Imp. Agr. Exp. 
Sta., S, 1937, 93-128 (Rev. Appl. Mycol., 
16, 1937, 665, Abst.); Webb, Jour. Agr. 
Res., S6, 1927, 587-614; S6, 1928, 53-75. 

41. Marmor graminis McKinney. 
(Jour. Washington Acad. Sci., 34, 1944, 
325.) From Latin gramen, grass. 

Common name: Brome-grass mosaic 
virus. 

Hosts: ORAMINEAE—Bromus iner¬ 
mis Leyss., awnless brome-grass. Ex¬ 
perimentally, also Triticum aestivum L., 
wheat; Avena saliva L., oat. 

Geographical distribution: United 
States (Kansas). 

Induced disease: In awnless brome- 
grass, systemic chlorotic mottling of the 
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type commonly called yellow mosaic be¬ 
cause of the distinctly yellow color of the 
chlorotic areas in affected leaves. 

Transmission: By inoculation of ex¬ 
pressed juice or of aqueous suspensions 
of dried diseased tissues; not inactivated 
by drying in diseased tissues for at least 
61 days. No insect vector is known. 

Literature: McKinney et al., Phyto¬ 
path., 1942, 331. 

42. Marmor abaca H. {loc. ctL, 63). 
From common name of host plant. 

Common name: Abacd bunchy-top 
virus. 

Host: MUSACEAE—Musa textilis 
N6e, abacd (Manila hemp plant). 

Insusceptible species: M USACEAE— 
Mvsa sapientum L. vars. ctnerea (Blailco) 
Teodoro, compressa (Blanco) Teodoro, 
lacatan (Blanco) Teodoro, and suaveolens 
(Blanco) Teodoro; M, cavendishii Lamb. 

Geographical distribution: Philippine 
Islands. 

Induced disease: In abacd (Manila 
hemp plant), chlorotic lines and spots 
along veins of young leaves, followed by 
growth of distorted leaves, successively 
shorter, narrower, stiffer, and more 
curled along their margins. The green 
areas of mottled leaves, petioles, and leaf 
sheaths are darker than normal. Newly 
formed diseased leaves unfurl early, but 
are short, producing the bunchy top that 
is referred to in the common name of the 
disease. 

Transmissipn: By the aphid, Penia- 
Ionia nigronervosa Coq. (APHIDI- 
DAE)t vector also of the apparently dis¬ 
tinct banana bunchy-top virus of Aus¬ 
tralia. The incubation period of abaci 
bunchy-top virus in this aphid is between 
24 and 48 hours in length. The progeny 
of viruliferous aphids do not receive the 
virus directly, but must feed on diseased 
plants before they can infect healthy 
abaci. Transmission by inoculation of 
expressed juice has not been demon¬ 
strated. No soil transmission. 

Literature: Oefemia, Am. Jour. Bot., 


17f 1930, 1-18; Philippine Agriculturist, 
1934, 667-681. 

43. Marmor passiflorae H. (loe. eti., 
77). From New Latin Passifiora, generic 
name of passion fruit. 

Common name: Passion-fruit woodi¬ 
ness virus. 

Hosts: PASSIFLORACEAE^Passi- 
flora eduW^ Sims, passion fruit; P. coeni- 
lea L. Experimentally, also P. alba 
Link and Otto. 

Insusceptible species: SOLAN 
CEAE—Datura stramonium L. ; Lycoper* 
sicon esculentum Mill., tomato; Nicoiiana 
glutinosa L.; N, tahacum L., tobacco. 

Geographical distribution: Australia 
(New South Wales, Queensland, Victoria), 
Kenya. 

Induced disease: In passion fruit, 
growth checked; leaves puckered, slightly 
chlorotic or obscurely mottled, curled, 
twisted, deformed. Clearing of veins has 
been observed. Color of stems darker 
green than normal in some places. Fruits 
short or deformed, discolored, surface 
sometimes roughened by cracks; so hard 
as not to be cut through readily. Peri¬ 
carp or rind of fruit Abnormally thick. 
Pulp deficient, color deepened. At tem¬ 
peratures below 80^ F, some abscission of 
young chlorotic leaves; above 85** F, 
masking of the disease in most plants. 

Transmission: By inserting cotton in 
stem wound after soaking it in expressed 
juice of diseased plant. By aphids, My- 
zus persicae (Sulz.), Macrosiphumsolani- 
folii Ashm., and two dark-colored species 
of the genus Aphis (APHIDIDAE). 

Literature: Cobb, Agr. Gaz. New South 
Wales, 12, 1901,407-418; Noble, Jour, and 
Proc. Roy. Soc. New South Wales, 
1928, 79-98; Noble and Noble, ibid,, 7B, 
1939, 293-317; Simmonds, Queensland 
Agr. Jour., 15, 1936, 322-330. 

44. Marmor flaccumfsciens H. (k>e, 
ciU, 73). From Latin flaccus, flabby, and 
facers, to make. 

Conunon names: Rose-wilt virus, rose 
dieback virus. 



1194 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Hosts: ROSACEAE^Rosa hybrids, 
roses. 

Geographical distribution: Australia, 
especially Victoria; New Zealand; possi¬ 
bly Italy. 

Induced disease: In rose, leaflets crowd 
ed, brittle, recurved. Defoliation pro¬ 
gresses from tip to base of plant. Tips of 
branches discolor and die back an inch or 
two. Stem darkens at base, ^uds re¬ 
main green and begin development, 
but growth is soon checked by necrosis at 
tips. Plant may recover temporarily, 
but not permanently. 

Transmission; By inoculation of ex¬ 
pressed juice (needle-puncture and 
scratch methods). No insect vector is 
known. 

Filterability: Passes Seitz filter (Seitz 
EK Schichten type, size 6). 

Literature: Gigante, Boll. Staz. Pat. 
Veg. Roma, n. s. Id, 1936, 76-94; Grieve, 
Austral. Jour. Exp. Biol, and Med. 
Science, 5, 1931, 107-121; Jour. Dept. 
Agr. Victoria, 1932 and 1933, pages 30-32. 

46. Marmor rosae H. {loc, ciL, 74). 
From Latin rosa, rose. 

Common name: Rose-mosaic virus. 

Hosts: ROSACE AE—Rosa rugosa 
Thunb.; R, chinensis Jacq. var. manelti 
Dipp.; R, multiflora Thunb.; R, odorata 
Sweet, tea rose; i?. gymnocarpa; Rubus 
parvifloras Nutt. 

Geographical distribution: United 
States, England, Bulgaria, Brazil. 

Induced disease: In Rosa rugosa and R. 
chinensis var. manetti, systemic chlorotic 
mottling. 

Transmission: By budding and other 
forms of graftage. Not by inoculation of 
expressed juice. No insect vector is 
known. 

Literature: Baker and Thomas, Phyto¬ 
path., 1942, 321-326; Brierley, Phyto¬ 
path., 1935, 8 (Abst.); Brierley and 
Smith, Am. Nurseryman, 1940, 5-8; 
Jour. Agr. Res., 61 ^ 1940,625-660; Kramer, 
Revista de Agricultura, 15,1940, 301-311; 
O Biologico, d, 1940,365-368; McWhorter, 
U. 8. Dept. Agr., Plant Die. Rep., 15, 


1931, 1-3; Milbrath, West. Florist, 15, 
1930, 29-30; Nelson, Phjtopath., 50,1930, 
130 (Abst.); Newton, Rep. Domin. Bot., 
1930, Div. Bot., Canad. Dept. Agr., 1931, 
23; Thomas and Massey, Hilgardia, 15, 
1939, 645-663; Vibert, Jour. Soc. Imp. et 
Cent. Hort., 9, 1863, 144-145; White, 
Phytopath., 55 , 1932, 53-69; 54 , 1934, 
1124-1125. 

46. Marmor veneniferum H. (loc, cit.y 
75). From Latin ventnifer, poisonous, in 
reference to occasional killing of tissues 
near inserted bud in graft transmission. 

Common name: Rose-streak virus. 

Hosts: ROSACEAE—Rosa multi flora 
Thunb.; R, odorala Sweet; liosa hybrids. 

Geographical distribution: Eastern 
United States. 

Induced disease: In various rose species 
and hybrids, brownish or reddish ring and 
veinbanding patterns on leaves, and ring 
patterns on stems. Sometimes necrotic 
areas near inserted bud, causing girdling 
of stem and wilting of foliage. 

Transmission: By grafting. Not by 
inoculat ion of expressed juice. No insect 
vector is known. 

Literature: Brierley, Phytopath., 55, 
1935, 7-8 (Abst.); Brierley and Smith, 
Jour. Agr. Res., dl, 1940, 625-660. 

47. Marmor mall H. (/oc. c?7., 75). 
From Latin malus, apple tree. 

Common name : Apple-mosaic virus. 

Hosts: ROSACE AE—Pyrus malus L., 
apple. Experimentally, also Cotoneaster 
harroviana; Eriobotrya japonica Lindl., 
loquat; Photinia arbuUfolia Lindl., 
toyon; Rosa sp., rose; Sorbus pallescens. 

Insusceptible si^ecies: ROSACEAE — 
Amelanchier alnifolia Nutt.; Crataegus 
douglasii Lindl.; Pyrus communis L., 
pear. 

Geographical distribution: United 
States, Australia, Bulgaria, British Isles. 

Induced disease: In apple, clearing of 
veins and systemic chlorotic spotting. 
The chlorotic areas sometimes become 
necrotic during months of intense sun¬ 
light. 

Transmission: By grafting. No insect 
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vector is known. Transmission by in¬ 
oculation of expressed juice has not been 
demonstrated. 

Thermal inactivation: Not demon¬ 
strated. Virus in stem tissues with¬ 
stands at least 50® C for as much as 60 
minutes without being inactivated. 

Literature: Blodgett, Phytopath., 28, 
1938, 937-938; Bradford and Joley, Jour., 
Agr. Res., 1933, 901-908; Christoff, 
Phytopath. Zeitschr., 7, 1934, 521-536; 8, 
1935, 285-296; Thomas, Hilgardia, /O, 
1937, 581-588. 


48. Marmor fragariae H. (ioc. cii., 78). 
From New Latin Fragaria, generic name 
of strawberry, from Latin fraga, straw¬ 
berries. 

Common name: Strawberry-crinkle 

virus. 

Hosts: ROSACEAE-Fragaria hy¬ 

brids, cultivated strawberries. Experi¬ 
mentally, also Fragaria vesca L., w<x>d- 


land strawberry. 

Geographical distribution: United 
States, England. 

Induced disease: In cultivated straw¬ 
berry, crinkling and chlorosis of leaves. 
At first, minute chlorotic flecks appear in 
young leaves. These flecks enlarge, and 
small necrotic spots may appear in their 
centers. Vein-clearing appears fre¬ 
quently. Affected foliage lighter and less 
uniformly green than normal. The vari¬ 
ety Royal .Sovereign may appear normal 
through carrying this virus. 

Transmission : By aphid, Myzusfragae- 
folii Ckll. (* Capitophoms fragariae 
Theob.) By grafting. 

Not by inoculation of expressed juice. 

Literature: Harris, Ann. Kept. East 
Mailing Res. Sta. for 1936, 1937, 201-211, 
212-221; ibid,, for 1937, 1938, 201-202; 
Harris and Hildebrand, Canad. Jour. Res., 
C, 16, 1937 , 252-280; Ogilvie et al., Ann. 
Rept. Long Ashton Res. Sta. for 1933, 
1934, 96-97; Vaughan, Phytopath., 25, 
1933, 738-740; Zeller, Oregon Agr. Exp. 
Sta., Sta. Bull. 319, 1933; Zeller and 
Vaughan, Phytopath., 22, 1932, 709-713. 


49. Marmor marginans H. (loc, cit., 
79). From Latin marginare, to provide 
with a margin. 

Common name: Strawberry yellow- 
edge virus. 

Hosts: ROSACEAE'-Fragaria hy¬ 
brids, strawberries; Fragaria califomica 
C. and S.; F. chiloensis Duch. (symptom¬ 
less). Experimentally, also Fragaria 
vesca L.; F, virgimana Duch. (some 
clones appear to be immune to infection 
by runner inarching). 

Geographical distribution: United 
States, England, France, New Zealand. 

Induced disease: In strawberry, plant 
appears flat with outer zone of leaves more 
or less normal, central leaves dwarfed, 
yellow-edged, deficient in red pigmenta¬ 
tion. The variety Premier may carry 
this virus without showing any obvious 
manifestation of disease. 

Transmission: By aphid, Myzusfragae- 
folii Ckll. {APHIDIDAE), By graft- 
ing. Not by inoculation of expressed 
juice. Not through seeds from diseased 
plants. 

Literature: Chamberlain, New Zealand 
Jour. Agr., 49, 1934, 21^-231; Harris, 
Jour. Pom. and Hort. Science, 11, 1933, 
58-76; Harris and Hildebrand, Canad. 
Jour. Res., C, 16, 1937, 252-280; Hilde¬ 
brand, tbid,, C, 19, 1941, 225-233; Plaki- 
das. Phytopath., 16, 1926, 423-426; Jour. 
Agr. Res., 56, 1927, 1057-1090. 

50. Marmor rubi H. (Holmes, loc. cit., 
80; Poecile rubi McKinney, Jour. Wash¬ 
ington Acad. Science, 54, 19^» 1^8*) 
From Latin rubus, bramble bush. 

Common name: Red-raspberry mosaic 
virus. 

Hosts: ROSACEAE—Rubus tdaeus 
L., red raspberry; R- occidentalis L., 
black raspberry. 

Geographical distribution; Umted 
States. 

Induced disease: In red raspberry, sp- 
temic chlorotic mottling, masked at high 
temperatures of summer. Foliage de¬ 
velopment delayed in spring. In 
varieties, leaf petioles and cane tipe die, 
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canes remain short and become rosetted. 

Transmission: By aphids, principally 
Ampharophora rubi Kalt., but also A. 
rubicola Oestl. and A. sensoriata Mason 
(APHIDIDAE). Not by inoculation 
of expressed juice. 

Literature: Bennett, Michigan Agr. 
Exp. Sta., Techn. Bull. 80, 1927; 125, 
1932; Cooley, New York Agr. Exp. Sta. 
(Geneva), Bull. 675, 1936; Harris, Jour. 
Pom. and Hort. Science, 11, 1933,237-255; 
17, 1940, 318-343; Rankin, New York 
Agr. Exp. Sta., Geneva, Bull. 543, 1927; 
New York Agr. Exp. Sta., Geneva, Tech. 
Bull. 175,1931. 

51. Marmor perslcae H. (Holmes, loc. 
cit, 81; Flavimacula persicae McKinney, 
Jour, Washington Acad. Science, 34, 1944, 
149.) From New Latin Persica, former 
generic name of peach. 

Conunon name: Peach-mosaic virus. 

Hosts: ROSACEAE—~Prunus persica 
(L.) Batsch, peach and nectarine, all 
tested varieties. Experimentally, also 
P, armeniaca L., apricot; P. cornmimis 
Fritsch, almond; P. domestica L., plum 
and prune. 

Insusceptible species: Attempts to in¬ 
fect sweet and sour cherries have thus 
far failed. 

Geographical distribution: United 
States (Colorado, California, Utah, Ok¬ 
lahoma, Texas, New Mexico, Arizona). 

Induced disease: In peach, short inter¬ 
nodes in spring growth, sometimes break¬ 
ing in flower pattern, chlorotic mottling 
and distortion of foliage early in season, 
masking of leaf symptoms or excision of 
affected areas of leaf lamina in midsum¬ 
mer; fruit small, irregular in shape, un¬ 
salable. Some peach varieties are less 
damaged than others, but all are thought 
to be equally susceptible to infection, and 
equally important as reservoirs of virus 
when infected. In almond, experimen¬ 
tally, symptomless infections; symptoms 
appear in some apricot and plum varieties 
when experimentally infected, not in 
others. 

Transmission: By budding and other 


methods of grafting. Not by inoculation 
of expressed juice. Not through soil. 
No insect vector is known. Not through 
pollen or seed from diseased plants. 

Thermal inactivation: Not demon¬ 
strated; virus not inactivated by tem¬ 
peratures effective in inactivating peach- 
yellows virus. 

Literature : Bodine, Colorado Agr. Exp. 
Sta,, Bull. 421,1936; Bodine and Durrell, 
Phytopath., 31, 1941, 322-333; Cation, 
ibid., 24, 1934, 138(>-1381; Christoff, 
Phytopath. Ztschr., 11, 1938, 360-422; 
Cochran, California Cultivator, 87, 1940, 
164-165; Cochran and Hutchins, Phyto¬ 
path., 28, 1938, 890-892; Hutchins, Sci¬ 
ence, 76, 1932, 123; Hutchins et al., U. 
S. Dept. Agr., Circ. 427, 1937, 48 pp.; 
Kunkcl, Am. Jour. Bot., 23, 1936, 6^- 
686; Phytopath., 28, 1938, 491-497; 
Thomas and Rawlins, Hilgardia, 12, 1939, 
623-644; Valleau, Kentucky Agr. Exp. 
Sta., Bull. 327,1932, 89-103. 

52. Marmor astri H. {loc, cit,, 83). 
From Latin astrum, star. 

Common name: Peach asteroid-spot- 
virus. 

Host: ROSACEAE—Prunus persica 
(L.) Batsch, peach. 

Geographical distribution: California. 

Induced disease: In peach, discrete 
chlorotic lesions spreading along veins, 
forming star-like spots; developing leaves 
normal in appearance, becoming affected 
as they mature. Some chlorophyll re¬ 
tained in lesions as leaves turn yellow. 
Affected leaves shed early. 

Transmission: By grafting. Not by in¬ 
oculation of expressed juice. No insect 
vector is known. 

Literature : Cochran and Smith, Phyto- 
path., 28, 1938, 278-281. 

53. Marmor rubiginosum Reeves. 
(Phytopath., 30, 1940, 789.) From Latin 
rubiginosus, rusty. 

CJommon name: Cherry rusty-mottle 
virus. 

Host: ROSACE AE—Prunus avium L., 
sweet cherry. 
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Geographical distribution: United 
States (Washington). 

Induced disease i In sweet cherry, 
chlorotic mottling 4 to 5 weeks after full 
bloom, first on small basal leaves, later on 
all leaves. The older affected leaves de¬ 
velop autumnal colors and absciss, 30 to 
70 per cent of the foliage being lost. 
The remaining foliage appears somewhat 
wilted, shows increased mottling, chlo¬ 
rotic spots, and areas becoming yellowish 
brown, appearing rusty. Blossoms nor¬ 
mal. Fruits smaller than normal, in¬ 
sipid, not misshapen. Growth rate of 
tree reduced slightly. 

Transmission: By grafting. Not by 
inoculation of expressed juice. No insect 
vector is known. 

Literature: Reeves, Phytopath., 80, 

1940, 789 (Abst.); Jour. Agr. Res., 62 , 

1941, 555-572 (see 566-567). 

64. Marmor cerasi Zeller and Evans. 
(Phytopath., Si, 1941, 467.) From Latin 
cerasusy cherry tree; originally spelled 
cerasae, by error. 

Common name: Cherry mottle-leaf 
virus. 

Host s : ROS A CEA E — Pr un us avium 
L., sweet cherry; P. emargtnaia (Dougl.) 
Walp., wild cherry. Experimentally, 
also P. cerasus L. (tolerant) and P. ma- 
haleb L. (tolerant). 

Geographical distribution: United 
States (Washington, Oregon, Idaho, Cali¬ 
fornia) and Canada (British Columbia). 

Induced disease: In sweet cherry, chlo¬ 
rotic mottling; leaves puckered, wrinkled, 
distorted, not perforated. Blossoms not 
affected. Fruit small, hard, insipid, un¬ 
even or delayed in ripening. Crop re¬ 
duced. Branches shortened, tree even¬ 
tually stunted. 

Transmission: By budding. No insect 
vector is known. Not by the black 
cherry aphid, Myzus cerasi (F.) (APHI- 
DIDAE), Not by inoculation of ex¬ 
pressed juice. 

'^’’’hermal inactivation: Not demon¬ 
strated ; not at 46® C in 60 minutes nor at 
49® C in 10 minutes in bud sticks. 


Literature: Reeves, Washington State 
Hort. Assoc. Proc., SI, 1935, 85-89; Jour. 
Agr. Res., 62, 1941, 555-572; Zeller, Ore¬ 
gon. State Hort. Soc. Report, 26, 1934, 
92-95; Phytopath., SI, 1941, 463-467. 

55. Marmor lineopictum Cation 

(Phytopath., SI, 1941, 1009.) From 
Latin linea, line, and pictus, ornamented. 

Common names: Prunus line-pattern 
virus, peach line-pattern virus. 

Hosts: ROSACEAE—Prunus salicina 
Lindl., Japanese plum; P. mahaleh L., 
Mahaleb cherry; P. persica (L.) Batsch, 
peach (- Amygdalus persica h.). 

Geographical distribution: United 
States (Kentucky, Michigan, California, 
Ohio; perhaps widely distributed). 

Induced disease: In peach and Ma¬ 
haleb cherry, light-colored line patterns 
or faint chlorotic mottling, tending to 
become masked as leaf becomes old. In 
peach, affected foliage sometimes less 
glossy than normal. In Prunus salicina, 
no disease manifestations usually; rarely, 
chlorotic mottling on a few leaves. 

Transmission: By grafting. No insect 
vector is known. 

Literature : Berkeley, Div. of Bot. and 
Plant Path., Science Service, Dominion 
Dept. Agr., Ottawa, Canada, Publ. 679, 
1941; Cation, Phytopath., 31, 1941, 1004- 
1010; Thomas and Rawlins, Hilgardia, 
12, 1939, 623-644; Valleau, Kentucky Agr. 
Exp. Sta., Res. Bull. 327, 1932, 89-103. 

56. Marmor pallidolimbatus Zeller and 
Milbrath. (In Handbook of Virus Dis¬ 
eases of Stone Fruits in North America, 
Michigan Agr. Exp. Sta., Miscell. Publ., 
May, 1942, 50; Phytopath., S2, 1942, 
635.) From Latin pallidus, pale, and 
limbatus, bordered. 

Common name: Cherry banded-chloro¬ 
sis virus. 

Hosts : ROSACE AE—Prunus serru- 
lata Lindl., flowering cherry; P. avium 
L., Mazzard cherry. 

Geographical distribution: United 
States (Pacihe Northwest). 

Induced disease: In flowering cherry. 



1108 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


chlorotic bands surrounding discolored 
areas on leaves. In Mazzard cherry, 
dwarfing of whole plant, chlorotic bands 
on leaves. 

Transmission: By budding, even in the 
absence of survival of inserted buds. 

57. Marmor nerviclarens Zeller and. 

Evans. (Phytopath., 1941, 467.) 

From Latin nervus^ sinew or nerve, and 
dartre, to shine. 

Common naim^: Cherry vein-clearing 
virus. 

Hosts: ROSACEAE—Prunus avium 
L., sweet cherry. Perhaps also P. serru- 
lata Lindl. and P. domestica L., on which 
symptoms similar to those induced by 
this virus have been observed. 

Geographical distribution: United 
States (Oregon, Washington). 

Induced disease: In sweet cherry, 
clearing of veins throughout each leaf or 
only in localized areas. Margins of leaves 
irregular, most indented where clearing 
of veins is most conspicuous. Elongated, 
elliptic, or slot-like perforations occur in 
some leaves. Affected leaves usually 
narrow. Enations occur as small blis¬ 
tered proliferations on lower side of main 
veins. Upper leaf surface silvery by re¬ 
flected light. By midsummer, leaves 
droop and appear somewhat wilted; they 
may fold along the midvein. Internodes 
short; increased number of buds, spurs, 
or short branches at nodes; resetting more 
pronounced on some branches than on 
others, mostly at end of year-old wood. 
In advanced disease, fruits pointed, 
small, flattened on suture side with swol¬ 
len ridge along suture. Blossoms ab¬ 
normally abundant, crop of fruit reduced 
or wanting. 

Transmission: By grafting. Not dem¬ 
onstrated by inoculation of expressed 
juice. No insect vector is known. 

58. Marmor viticola H. (foe. cit., 83)*. 
From Latin vitis, vine, and -cola, in¬ 
habitant of. 

Common name: Vine-mosaic virus. 
Host: VITACEAE—Viiia vinifera h., 

grape. 


Geographical distribution: France, 
Italy, Bulgaria, Czechoslovakia. 

Induced disease: In grape, various 
modifications of systemic chlorotic mot¬ 
tling, and red pigmentation of parts of 
leaves with subsequent drying and drop¬ 
ping out of affected spots. Leaves de¬ 
formed, crimped between main veins. 
Growth restricted. 

Transmission: By inoculation of ex¬ 
pressed juice and by pruning. 

Literature : Blattn^', Vinafsk^ ohzor., 
1931, 4-5 (Cent. f. Bakt., II Abt., 84, 
1931, 464); Ochrana Rostlin, 13, 1933, 
104-105 (Rev. Appl. Mycol., 13, 1934, 
421); Gigante, Boll. Staz. Pat. Veg. Roma, 
n. s. 17,1937,169-192 (Rev. Appl. Mycol., 
17, 1938, 221); Pantanelli, Malpighia, 24, 
1911, 497-523; ^5,1912, 17^6 • Stranak, II 
Congr. Intern. Path. Comp. Paris, 1931, 
367-378; Ochrana Rostlin, 11, 1931, 
89-98 (Rev. Appl. Mycol., 11, 1932, 280); 
Vielwerth, Ochrana Rostlin, 13, 1933, 
83-90 (Rev. Appl. Mycol., 13, 1934, 
421^22). 

59. Marmor santali H. {loc, cit,, 94). 
From New Latin, Santalum, generic name 
of sandal. 

O)mmon name : Sandal leaf-curl virus. 

Host: SANTALACEAE—Sanialum 
album L., sandal. 

Geographical distribution: India. 

Induced disease: In sandal, leaves 
small, curled, wrinkled, thickened, brit¬ 
tle, abscissing. Systemic chlorotic mot¬ 
tling. Internode length normal. In¬ 
fected twigs produce both flowers and 
fruits. 

Transmission: By ring bark-grafts. 
Not by inoculation of expressed juice. 
No insect vector is known. 

Literature: Venkata Rao, Mysore San¬ 
dal Spike Invest. Comm., Bull. 3, 1933. 

60. Marmorsecretum Bennett. (Phy¬ 
topath., 34, 1944, 88). From Latin S6- 
cretus, hidden. 

Common name: Dodder latent-mosaic 
virus. 

Hosts: CONVOLVULACEAE-Cua- 
euta califomicQ Choisy, dodder. Experi- 
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mentally, also C HE NOPOD I ACE AE— 
Beta vulgaris L., sugar beet; Chenopo- 
Hum album L., Iambus quarters; C. 
murale L., sowbane. CONVOLVULA- 
CEAE—Cvscuta campeairis Yuncker; C. 
Bubinclusa Dur. and Hilg. CRUCD 
FERAE—Brassica incana (L.) F. W. 
Schultz, mustard (tolerant). CUCUR¬ 
BIT ACE AE—Cvcumis melo L., canta¬ 
loupe. PH Y TOL ACC ACE AE—Phyto¬ 
lacca americana L., pokewecd. PLAN- 
T AGIN ACE AE—Planlago major L., 
plantain. POLYGON AC EAE — Fago- 
pyrum esculentum Moench, buckwheat; 
Polygonum pennsylvanicvm L., knot- 
weed. PRIM UL ACE AE—Samolus 

floribundus HBK., water pimpernel. 
SOLA N ACE AE—Lycoperstcon esculen- 
turn Mill., tomato; Nicotiana glauca (ira- 
ham (tolerant); N. palmeri Gray; N. 
rustica L. (tolerant); iV. tnbacuni L. 
(tolerant); Solanum tuberosum L., po¬ 
tato. UMBELLIFER AS—A pium 

graveolens L., celery. 

Insusceptible species : Ci^MPOSlTAE 
—Hehanthus annuus L., sunflower; Lac- 
tuca saliva L., lettuce. CR UClFERAE 
—Brassica oleracea L., cabbage. VOL Y - 
GONACEAE—Eriogonum fasciculatnm 
Benth., California buckwheat. SCRO- 
PII ULARIACEAE—Verbascum ihap- 
SU8 L., mullein. SOLA N ACE AE — 
Atropa belladonna L., belladonna. 

Geographical distribution: United 
States (California). 

Induced disease: In dodder, no symp¬ 
toms. In sugar beet, exf)erimontally, 
temporary systemic chlorotic spiotting; 
occasional faded areas in leaves in subse¬ 
quent chronic stage of disease. In canta¬ 
loupe, experimentally, chlorotic spotting, 
reduction in leaf size, death of some 
leaves, stunting of plant; melons small 
and of poor quality. In celery, exj)eri- 
mentally, systemic chlorosis followed by 
dwarfing and mottling with subsequent 
apparent recovery., 

Transmission : By dodder, Cuscuia cali- 
fornicUf C, campestrisj and C, subinclusa. 
By inoculation of extracted juice to some, 
but not to other, host plants; Phytolacca 
americana is readily infected by rubbing 


methpds in the presence of a small amount 
of abrasive, and develops numerous 
necrotic primary lesions that serve for 
quantitative estimation of concentration 
of virus in inoculum. Through seeds 
from infected plants of dodder, Cuscuta 
campestris; not through seeds from dis¬ 
eased cantaloupe, buckwheat, or poke- 
weed plants. No insect vector is known. 

Thermal inactivation: At 56 to 60® C 
in 10 minutes. 

Filterability: Passes celite and Berke- 
feld N and W filters. 

Other properties: Infective in dilu¬ 
tions to 1:3000. Inactivated by drying 
and by storage in expressed pokeweed 
juice, within 48 hours. 

61. Manner pelargonli spec, nov. 
From New Latin Pelargonium, generic 
name of common geranium. 

Common names: Pelargonium leaf-curl 
virus; virus of dropsy or Kr&uselkrank- 
heit of geranium. 

Host; GERA NI ACE AE — Pelargon¬ 

ium horiorum Bailey, geranium. 

Induced disease : In geranium, circular 
or irregular chlorotic spots, sometimes 
stellate or dendritic, i tt» 5 mm in di¬ 
ameter, centers becoming brown with 
chlorotic border; severely affected leaves 
become yellow and drop; spotted leaves 
ruffled, crinkled, malformed, small, some¬ 
times puckered and splitting. Petioles 
and stems show corky, raised, necrotic 
streaks; tops may die. Disease most 
severe in spring, inconspicuous in sum¬ 
mer. 

Transmission: By grafting. Not by 
inoculation of expressed juice nor by use 
of knife to prepare cuttings for propaga¬ 
tion. Not through seed. No insect vec¬ 
tor is known. 

Literature: Berkeley, Canad. Hort. and 
Home Mag., 19S8, 1938, 1—4; Blattn^, 
Ochrana Rostlin, IS, 1933, 145 (R«v. 
Appl. Mycol., 13, 1934, 378r-379); Bremer, 
Blumen-u. Pflanzenbau, 4^, 1933, 32~33 
(Rev. Appl. Mycol., IS, 1933, 514); 
Halstead, New Jersey Agr. Exp. Sta., 
Kept. 14, 1893, 432-433; Jones, Washing¬ 
ton Agr. Exp. Sta., Bull. 390, 1940; 
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Laubert, Gartenwelt, Sly 1927,391; Pape, 
ibid.y 26y 1927, 32^331 ; S2y 1928,116-117; 
Pethybridge and Smith, Card. Chron., 
92y 1932, 378^379; Schmidt, Gartenwelt, 
Sly 1932, 40; Seeliger, Nachrichtenbl. 
Deutsch. Pflanzenschutzdienst, By 1926, 
68^; Tuimann, Gartenwelt, Sly 1927, 
375-376; Verplancke, Bui. Cl. Sci. Acad. 
Roy. de Belgique, Ser. 5, 18, 1932, 269- 
281 (Rev. Appl. Mycol., lly 1932, 649- 
650). 

62. Marmor angliae H. (loc. ciL, 48). 
From Latin Angliay England. 

Common name: Potato >paracrinkle 
virus. 

Hosts: SOLAN ACE AE—Solanum tu¬ 
berosum L., potato. Experimentally, 
also Datura stramonium L., Jimson weed. 

Insusceptible species: SOLAN A- 

CEAE—Nicotiana tabacum L., tobacco. 

Geographical distribution: England. 

Induced disease: In potato, masked in 
all plants of the variety King Edward. 
Chlorotic mottling with some necrosis in 
the varieties Arran Victory and Arran 
Chief. Chlorotic mottling only in Arran 
Comrade, Majestic, and Great Scot pota¬ 
toes. Two varieties, Sharpe’s Express 
and Epicure, are said to be resistant. 

Transmission: By grafts. Not by in¬ 
oculation of expressed juice. No insect 
vector is known. 

Literature: Dykstra, Phytopath., 26y 
1936, 597-606; Salaman and Le Pelley, 
Proc. Roy. Soc. London, Ser. B, 106y 
1930,140-175. 

63. Mannor aevi spec, nov. From 
Latin aevum, old age, in reference to the 
obvious involvement of old, but not of 
young, delphinium leaves. 

Common name: Celery-calico virus. 

Hosts: CUCURBITACEAE—Cucu- 
mis sativus L., cucumber; C, melo L., 
cantaloupe; Cucurbita pepo L., summer 
crookneck squash. RANUNCULA- 
CEAE—-Delphinium chinensis ; D.formo- 
sumy hardy larkspur; D. grandiflorum; D, 
parryi; D, zalil, SOLAN ACE AE—Ly- 
copersicon esculentum Mill., tomato. 


UM BELLI FERAE—Apium graveolens 
L., celery. Experimentally, also SOLA- 
NACEAE—Nicotiana tabacum L., to¬ 
bacco; Petunia hybrida Vilm., petunia. 
V lOL ACE AE—Viola cornuta L. 

Geographical distribution: United 
States. 

Induced disease: In celery, clearing of 
veins, puckering and downward cupping 
of younger leaves, green islands of tissue 
in lemon-yellow areas of outer leaves, 
green and yellow zigzag bands on leaflets. 
In delphinium, basal and middle leaves 
with pale-orange, amber, or lemon-yellow 
areas; younger leaves normal green; 
chlorotic ring and line patterns. 

Transmission: By inoculation of ex¬ 
pressed juice in the presence of finely 
powdered carborundum. By aphids: 
Aphis apigraveolens Essig, celery leaf 
aphid; A, apii Theob., celery aphid; A. 
ferruginea-striata Essig, rusty-banded 
aphid; A, gossyph Glov., cotton aphid; 

A, middletomi Thomas, erigeron root 
aphid; Myzus circumflexus (Buckt.), lily 
aphid; M. convolvuli (Kalt.), foxglove 
aphid; M, persicae (Sulz.), green peach 
aphid; Rhopalosiphum melliferum (Hot- 
tes), honeysuckle aphid (AP HI Di¬ 
ll AE). 

Literature; Severin, Hilgardia, Hy 
1942, 441-464; Severin and Freitag, Phy¬ 
topath., 25y 1935, 891 (Abst.); Hilgardia, 
lly 1938, 493-558. 

64. Marmor raphani spec, nov. From 
Latin raphanus, radish. 

Common name: Radish-mosaic virus. 

Hosts: CR U Cl FERAE—Raphanus 
sativus L., radish. Experimentally, also 
CRUCIFERAE—Brassica oleracea L.; 

B, nigra (L.) Koch; B, alba (L.) Boiss; 
B, arvensis (L.) Ktze.; B, pe-tsai Bailey; 
B.juncea (L.) Coss; B. rapa L.; B, ad- 
pressa Boiss; Capsella bursa-pastoris (L.) 
Medic.; Malcomia maritima R. Br.; M, 
hicornis DC. CHENOPODIACEAE— 
Chenopodium album L.; C, murale L.; 
Spinacia oleracea L. RANUNCULA- 
CEAE—Delphinium ajacis L. SOLA- 
N ACE AE—Nicotiana glutinosa L.; N, 
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langadorffii Weinm.; N, rustica L, ; N 
tdbfieum L. 

Geographical distribution: United 
States (California). 

Induced disease: In radish, systemic 
chlorotic spotting followed by chlorotic 
mottling of foliage; little or no leaf dis¬ 
tortion; plants not stunted. 

Transmission: By inoculation of ex¬ 
pressed juice. No insect vector is 
known; not by the cabbage aphid, Brevi- 
coryne brassicae (L.); the false cabbage 
aphid, Lipaphia pseudobrasstcae (Davis); 
or the green peach aphid, Myzus persicae 
(Sulz.) (APHIDIDAE). Not through 
seeds from diseased radish plants. 

Thermal inactivation: At 65 to 68® C 
in 10 minutes. 

Literature: Tompkins, Jour. Agr. Res. 
58f 1939 , 119 - 130 . 

66. Marmor primulae spec. nov. From 
New Latin Primula^ generic name of 
primrose. 

Common name: Primrobo-mosaic virus. 

Hosts: PRIMULACEAE — Primula 
obconica Hance. Experimentally, also 
P, malacoides Franc h. and P. sinensis 
Lindl. 

Insusceptible species: BEGONIA- 
CEAE—Begonia semperflorens Link and 
Otto. BORAGIN ACEAE—Myosotis 
alpestris Schmidt. CAMPANULA- 
CEAE—'Campanxila medium L. CARY- 
OP HYLL ACEAE—Dianthus harbatus 
L. CHENOPODIACEAESpinacia 
oleracea L. CQMPOS / TAE — Beilis 
perennis L.; Callistephus chinensis Nees; 
Gerbera jamesonii Hook.; Lactuca saliva 
L. ; Senecio cruentus DC.; Tagetes pa tula 
L. CRUCIFERAE—Brassica oleracea 
L. ; B. pe-tsai Bailey; B. rapa L,; Matihi- 
ola incana R. Br.; Raphanus sativus L. 

C UCURBITACEAE—Cucumis sativus 
L.; Cucurbita pepo L. EUPHORBIA- 
CEAE—Ricinus communis L. GRAM¬ 
INE AE—Zea mays L. LEGUMINO- 
8AE—Pisum sativum L.; Vida faba L.; 
Vigna sinensis (Tomer) Savi. LO- 
BELI ACEAE—Lobelia hybrida Hort. 
PAPAVERACEAE—Papaver orientale 
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L. PRIMULACEAE—AnagaUis ar- 
vensis L.; Cyclamen indicum L.; Primula 
auricula L.; P. veris L. RANUNCU- 
LACE A E—Anemone coronaria L.; Del^ 
phinium cultorum Voss; Ranunculus 
asiaticus L. RESEDACEAE--Reseda 
odorqta L. ROSACEAE—Geum chiloense 
Balb. SCROPHULARI ACEAE—An¬ 
tirrhinum majus L.; Pentatemon barbaius 
Nutt. SOLAN ACEAE—Capsicum fru- 
tescens L.; Datura stramonium L,; Lyco- 
persicon esculentum Mill.; Nicotiana 
glutinosa L.; N tabacum L.; Solanum 
tuberosum L. TROPAEOLACEAE— 
Tropacolum majus L. U M BELLI- 
ferae—A pium graveolens L. VER- 
BENACEAE—Verbena hybrida Voss. 
VIOLACEA E — Viola tricolor L. 

Geographical distribution: United 
States (California). 

Induced disease: In Primula obconica, 
chlorosis, stunting; rugosity with upward, 
or occasionally downward, cupping of 
leaves. Petioles and peduncles short¬ 
ened; flowers reduced in size, broken in 
color (white-streaked). Leaves coarsely 
mottled with yellow-green, leaving green 
islands; tips of leaves sometimes nar¬ 
rowed. 

Transmission: By inoculation of ex¬ 
pressed juice, in the presence of flOO-mesh 
powdered carborundum. Not by aphids, 
Myzus persicae (Sulz.) and M. circum- 
flezus (Buckt.) {APHIDIDAE). No 
insect vector is known. Probably not 
through seeds. 

Thermal inactivation: At 50® C, not 
48® C, in 10 minutes. 

Other properties: Infective after 24, 
not 48, hours in vitro. Infective after 
1:10 dilution. 

Literature: Tompkins and Middleton, 
Jour. Agr, Res., 6S, 1941, 671-079. 

66. Marmor caricae (Condit and 
Horne) comb. nov. (Ficivir caricae 
Condit and Horne, Phytopath., Si, 1941, 
563.) From Latin carica, a kind of dried 

Common name: Fig-mosaic virus. 

Hosts: MORACEAE—Ficus carica L., 
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fig; F. altisswia Blume; F, krtsnna; and 
F, isiela Roxb. 

Geographical distribution: United 
States (California, Texas), England, 
Puerto Rico, China, New South Wales, 
Western Australia. 

Induced disease: In fig, systemic chlo¬ 
rotic spotting and mottling of foliage; 
some severe leaf distortion. Fruits some¬ 
times affected, bearing light circular 
areas, rusty spots, being deformed or 
dropped prematurely. Necrotic lesions 
on profichi of Samson caprifigs also have 
been attributed to action of this virus. 

Transmission: By budding. No insect 
vector is known; mites have been sus¬ 
pected as possible vectors. 

Literature: Condit and Horne, Phyto¬ 
path., eS, 1933, 887-896 ; 31, 1941, 561- 
563; 33, 1943,719-723; Ho and Li, Lingnaii 
Science Jour., 15, 1936, 69-70; Pittman, 
W. Austral, Dept. Agr. Jour., 12, 1935 
196, 

67. Marmor italicum (Fawcett) comb, 
nov, (Citrivir italicum Fawcett, Phyto¬ 
path., 31, 1941, 357.) Specific epithet 
meaning ^‘pertaining to Italy.** 

Common name: Citrus infectious-mot¬ 
tling virus. 

Host: RUT ACE AE—Citrus aurun- 
Hum L., sour orange. 

Geographical distribution: Italy. 

Induced disease : In sour orange, white, 
pale green, or yellow irregular areas in 
leaves, leaving narrow green bands along 
midrib; leaves blistered and distorted. 

Transmission: The aphid, Toxoptera 
aurantii (Phytopath., 24, 1934, 661), has 
been suspected as vector. 


Literature: Fawcett, Phytopath., 31, 
1941, 366-357; Petri, Bol. Staz. Pat. Veg. 
Roma, n. s. 11, 1931,105-114. 

Note: Several additional species were 
described too late for complete systematic 
treatment here. They are plain*s wheat 
mosaic virus, Marmor campestre 
McKinney (Jour. Washington Acad. Sci., 
34, 1944, 324) with varieties typicum 
McKinney and galhinum McKinney, re¬ 
spectively causing light-green mosaic 
and severe yellow mosaic of wheat in 
Kansas; wheat streak-mosaic virus, Mar¬ 
mor virgatum McKinney {ibid., 34, 1944, 

324) with varieties typicum McKinney 
and viride McKinney {ibid., 34, 1944, 

325) , respectively causing yellow streak- 
mosaic and green streak-mosaic of wheat 
in Kansas; Agropyron-mosaic virus, 
Marmor agropyri McKinney {ibid., 34, 

1944, 326), with varieties typicum 
McKinney and flavurn McKinney, re¬ 
spectively causing green-mosaic mottling 
and yellow-mosaic mottling in the grass 
Agropyron repens (I..) Beauv. in Vir¬ 
ginia; also a virus, Flavimacula ipomeae 
l>)olittle and Harter (Phytopath., 35, 

1945, 703), causing feathery mottle of 
sweet potato in Maryland [see Marmor 
persicae for treatment of a virus that 
was assigned as type of Flavimacula 
McKinney (Jour. Washington Acad. Sci., 
34, 1944, 119), a genus originally differ¬ 
entiated from Marmor as containing 
viruses not yet iiioculable save by tissue 
union; a natural group of viruses may be 
represented but their characteristics and 
affiliations seem not yet clear). 


Genus II. Acrogenus Holmes. 

{Loc, cit., 110.) 

Viruses of the Spindle-Tuber Group, inducing diseases characterized by abnormal 
growth habit of host plants without chlorotic or necrotic spotting, systemic chlorosis, 
witches*-broom formation, or productionx)f galls. Generic name from Greek, meaning 
point - or peak-producing, in reference to shape of potatoes affected by potato spindle- 
tuber virus. 

The type species is Acrogenus solani Holmes. 
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Key to the epeciee of genus Acrogenus. 
I. Infecting potato. 


II. Infecting black currant. 

1. Acrogenus solanl Holmes. (Handb 
Phytopath. Viruses, 1939, 111.) From 
New Latin Solanum, generic name of 
potato. 

Common names: Potato spindle-tuber 
virus, potato spindling-tuber virus, po¬ 
tato marginal leaf-roll virus. 

Host: SOLAN ACE AE—Solanum tu^ 
herosum L., potato. 

Geographical distribution: United 
States and Canada. 

Induced disease: Plants erect, stiff, 
spindly, lacking vigor. Leaves small, 
erect, darker green than normal. Peti¬ 
oles sometimes slender, brit tie. Tubers 
long, cylindrical, irregular in vshape, tap¬ 
ered at ends, smooth and tender-skinned, 
of softer than normal flesh in spring. 
Eyes of tuber conspicu' us. 

Transmission: By inoculation of ex¬ 
pressed juice; by use of contaminated 
knife in cutting successive tubers before 
planting; by contacts of freshly cut seed 
pieces. By aphids, Myzvs persicae 
(Sulz.) and Macrosiphum ffolani/olii 
Ashm.(=M.^eiKoch) (APHIDIDAE), 
Also by certain leaf-eating insects. 

Thermal inactivation: At 60 to 65° C in 
10 minutes (in tuber tissues). 

Literature: Bald et al., Phytopath., 31, 
1941, 181-186; Folsom, Maine Agr. Exp. 
Sta., Orono, Bull. 312,1923; Goss, Phyto¬ 
path., 16, 1926, 233, 299-303; 18, 1928, 
445-448; Nebraska Agr. Exp. Sta., Res. 
Bull. 47f 1930; 63, 1931; Jaezewski, La 
Defense des Plantes, Leningrad, 4, 1927, 
62-77 (Rev. Appl. Mycol., 6, 1927, 572- 
673, Abst.); McLeod, Canad. Exp. Farms, 
Div. Bot., Rpt. for 1926, 1927. 


1. Acrogenus solani, 

2. Acrogenus rihis. 

Strains: A strain causing unmottlod 
curly dwarf of potato has boon given a 
varietal name to distinguish it from the 
type, var. vulgaris H. {loc, ciL, 111); 

la. Acrogenus solani var. severus H. 
(loc. cit., 112). Inducing symptoms in 
potato on the whole more severe than 
those c iused by the type strain. 

Ckimmon name : Unmottled curly-dwarf 
strain of potato spindle-tuber virus. 
(Goss, Nebraska Agr. Exp. Sta., Res. 
Bull. 47, 10.30; 53, 1931; Schultz and Fol¬ 
som, Jour. .4gr. Res., 26, 1923, 43-118.) 

2. Acrogenus rlbis H. (loc. cit., 112). 
From Latin nhes, currant. 

Common name: Black-currant rever- 
.sion-discase virus. 

Host. SAXIFRAGACEAE—Ribes 

nigrum L., European black currant. 

Geographical distribution: British 
Isles. 

Induced disease: In European black 
currant, leaves abnormally narrow and 
flat, small veins few. Flowers sometimes 
nearly transparent, smooth, sepals 
brightly colored beneath. Flowers and 
small fruits fall. Stems loss woody than 
normal, with tendency to excessive gum 
production. 

Transmission: By grafting. By big- 
bud mite, Eriophyes rihis (ERIOPHYI^ 
DAE). Not by inoculation of expressed 
juice. Not through soil. Not through 
seeds from diseased plants. 

Literature: Amos and Hatton, Jour. 
Pom. and Hort. Science, 6, 1926, 167-183; 
Amos et al., in East Mailing Res. Sta., 
15th Ann. Rpt., 1928, 43-46; pee, Ann. 
Appl. Biol., 9, 1935, 49-68. 


Oenus III. Corium Holmes. 

(Loc. cit., 119.) 

Viruses of the Leaf-Roll Group, inducing diseases usually characterized by thicken- 
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ing and rolling of leaves. Foliage leathery. Sometimes conspicuous phloem necrosis. 
Generic name from Latin corium, leather. 

The type species is Corium solani Holmes. 


Key to the species 

I. Infecting potato. 

II. Infecting beet. 

III. Infecting raspberry. 


1, Corium solani Holmes. (Handb. 
Phytopath. Viruses, 1939, 120.) From 
New Latin Rolanum^ generic name of 
potato. 

Common name: Potato leaf-roll virus. 

Hosts: SOLAN ACE AE—Solarium tu¬ 
berosum L., potato. Experimentally, 
also other solanaceous species, Datura 
stramonium L., Jimson weed; Lycopersi- 
con esculentum Mill., tomato; Solanum 
dulcamara L., bittersweet; S, villosum. 

Insusceptible species: CHENOPODl- 
ACEAE—Beia vulgaris L., beet. 

Geographical distribution: North 
America, France, British Isles; probably 
wherever jxDtatoes are grown. 

Induced disease: In potato, leaves 
thick, rigid, leathery, and rolled, their 
starch content excessive. Plants dwarfed. 
Tubers few, small, • crisp. Tubers of 
some varieties show conspicuous phloem 
necrosis, germinate with spindling 
sprouts. 

Transmission: By aphid, Myzus persi- 
cae (Sulz.) {APHID I DAE), with incu¬ 
bation {period of 24 to 48 hours. Also by 
Myzus convolvuli (Kalt.) (= M. pseudo- 
solaniTheob.), M. circumflexus (Buckt.), 
Macrosiphum solamfoln Ashni., and 
Aphis nhhreviata Patch {APHIDI- 
DAE). By grafting. Not by inocula¬ 
tion of expressed juice. 

Literature: Artschw’ager, Jour. Agr. 
Kes., 16, 1918, 659-570; S4, 1923, 237-245; 
Dykstra, ibid., 47, 1933, 17-32; Elze,- 
Phytopath., 1931, 675-686; Folsom, 
Maine Agr. Exp. St a.. Bull. 297, 1921, 


of genus Corium. 

1. Corium solani. 

2. Corium betae. 

3. Corium rubi. 

4. Corium ruborum. 

37-52; 410,1942,215-250; Murphy, Scient. 
Proc. Roy. Dublin Soc., 17, 1923, 163- 
184; Murphy and M’Kay, ibid., 19, 1929, 
341-353; Schultz and Folsom, Jour. Agr. 
Res., SI, 1921, 47-80; Smith, Ann, Appl. 
Biol., 16, 1929, 209-229; 18,1931,141-157; 
Stevenson et al.. Am. Potato Jour., 20, 
1943, 1-10. 

2. Corium betae spec. nov. From Latin 
beta, beet. 

Common names: Sugar-beet yellows 
virus, beet-yellows virus, jaunisse virus, 
vergelingsziekte virus. 

Hosts: CHENOPODIACEAE—Beta 
vulgaris L., beet; B, maritima L.; B. 
cicla\ Atriplex hortensis L.; A. sibirica 
L.; Chenopodium album L., lamb’s quar¬ 
ters; Spinacia oleracea L., spinach. 
AM ARAN TRACE AE —Amaranthus 
retroflexus L. 

Insusceptible species: SOLAN A- 
CEAE—Solanum tuberosum L., potato; 
all other tested solanaceous species. 

Geographical distribution; Belgium, 
Netherlands, Denmark, England; per¬ 
haps Germany and the United States. 

Induced disease : In beet, young leaves 
little affected; older leaves yellow, brit¬ 
tle, short, thick, containing excessive 
amounts of carl)ohydrates; necrosis in 
secondary phloem. In spinach, yellow¬ 
ing, necrosis between veins on old leaves. 

Transmission: Not by inoculation of 
expressed juice. By aphids, Myzus per- 
sicae (Sulz.), Aphis fabae Scop., Macro¬ 
siphum solanifolii Ashm., and Aulacor- 
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tkum solani Kalt. (APHIDIDAE); 
virus is not transmitted by these aphids 
to their descendants. Not through seeds 
of beet. Virus overwinters in beets 
stored for subsequent use in seed produc¬ 
tion. 

Serological relationships: Specific pre¬ 
cipitating antiserum effective with crude 
sap of diseased, not healthy, plants and 
with sap of diseased plants after pas¬ 
sage through a Chamberland Lj, not Ls, 
filter caudle; ineffective with sap from 
beet plants suffering from mosaic. 

Thermal inactivation: Virus heated 
to about 52®C no longer precipitates 
with specific antiserum. 

Literature: Klerzkowski and Watson, 
Ann. Appl. Biol., SI, 1944,116-120; Peth- 
erbridge and Stirrup, London, Ministry 
Agr. and Fisheries, Bull. 9S, ID35; Quan- 
jer and Roland, Tijdsehr. Plaiitenziek- 
ten, 42 f 1936, 45-70; Roland, ibid , 4^, 
1939, 1-22, 181-203; Schreven, Medcd. 
Inst, voor Suikerbietcnteelt, Bergen op 
Zioom, 6f 1936, 1; Watsoi. Proc. Roy. 
Soc. London, Ser. B, 128, 1940, 536^552; 
Ann, Appl. Biol., 29, 1942, 358-365. 

3. Corlum rubi H. (loc. cii., 121). 
From New Latin Rubus, generic name of 
raspberry, from Latin rubus, bramble 
bush. 

Common name: Raspberry leaf-curl 
virus. 

Host: ROSACEAE—Rubus idaeus L., 
red raspberry. 

Insusceptible species: ROSACEAE — 
Rubus occidenialis L., black raspberry; 
R. neglectus Peck, purple raspberry. 

Geographical distribution: United 
States, not in England. 

Induced disease: In red raspberry, 
veins retarded in growth, causing down¬ 
ward curling of leaf margins and crinkling 
of leaf lamina. Foliage dark green, dry in 
appearance, not wilting readily. In late 
summer, leaves bronzed, leaf surface glis¬ 
tening. Diseased canes easily winter- 
killed. Berries small and poor. The 


English variety Lloyd George is intol¬ 
erant of the disease and is killed. 

Transmission: By aphid. Aphis ruhi* 
cola Oestl. (= A, ruhtphila Patch) 
(APHIDIDAE), Not by inoculation 
of expressed juice. 

Literature: Bennett, Michigan Agr. 
Exp. §ta., Tech. Bull. 80, 1927; Phyto¬ 
path., 20, 1930, 787-802, Harris, East 
Mailing Res. Sta., Ann. Rpt. for 1934, 
1935; Rankin, New York Agr. Exp. Sta., 
Geneva, Tech. Bull. 175,1931. 

Strains. A strain differing from the 
type, var. alpha H. (loc. cii., 121), has 
been given a varietal name derived from 
its common name, raspberry beta-curl 
virus: 

3a. Corium rubi var. beta H. (loc. cii., 
122). Infecting black and purple rasp¬ 
berries, as well as the red raspberry, 
which alone is susceptible to the type 
strain, raspberry alpha-curl virus. (Ben¬ 
nett, Phytopath., 20, 1930, 787-802.) 

4. Corium ruborum (Zeller and Braun) 
comb. nov. (Minuor ruborum Zeller and 
Braun, Phytopath., SS, 1943,161.) From 
Latin rubus, bramble bush 

Common name: Raspberry decline-dis¬ 
ease virus. 

Host: ROSACE AE—Rubus idaeus L., 
red raspberry. 

Geographical distribution: United 
States (Oregon). 

Induced disease: In Cuthbert rasp¬ 
berry, shoots retarded in spring, reddish; 
leaves in autumn rolled downward, fluted 
along veins, less green than normal be¬ 
tween veins, slightly bronzed along mar¬ 
gins and crests between veins. Inter¬ 
nodes shortened near tips of canes. Af¬ 
fected canes small, weak, not hardy in 
winter. Small roots and feeder rootlets 
fewer than in healthy plants. Disease 
progressive over about three years. 
Fruits small, irregular, tending to be 
globose, crumbly when ripe, worthless. 

Transmission: By grafting. 'No insect 
vector is known. 
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Genua IV. Nanus Holmes. 

{Log. cit.j 123.) 

Viruses of the Dwarf-Disease Group, inducing diseases characterized by dwarfing 
of host plants or by growth of adventitious shoots with short inlernodes; chlorotic 
mottling absent. Generic name from Latin nanus^ dwarf. 

The type species is Nanus loganobacci Holmes. 

Key to the species of genus Nanus. 

I. Infecting rosaceous plants. 


A. In loganberry and Phenomenal 

B. In black raspberry. 

C. In peach. 

D. In ocean spray. 

E. In strawberry. 

F. In prune and plum. 

II. Infecting graminaceous plants. 

A. In sugar cane. 

1. Nanus loganobacci Holmes. 
(Handb. Phytopath. Viruses, 1939, 124.) 

From New Latin loganobaccus^ specific 
epithet of loganberry, Ruhus loganobaccus 
Bailey. 

CJommon name: Loganberry-dwarf 
virus. 

Hosts: ROSACEAE—Rubus logano- 
haccus Bailey, loganberry and Phenom¬ 
enal berry. 

Geographical distribution: United 
States (Oregon, Washington, and Cali¬ 
fornia). 

Induced disease: In Phenomenal berry, 
leaves small, obovate, rigid, new canes 
short, spindly. In young plants, some 
necrosis along and between veins, leaves 
crinkled, finer veins chlorotic. Stems 
not streaked or mottled, normal in color. 
In late stages, canes very short, inter¬ 
nodes short. Sepals and petals of flowers 
small. Fruit of fair size, but druplets 
ripen unevenly and tend to fall apart 
when picked. Loganberry is less sus¬ 
ceptible than the Phenomenal berry but 
is similarly affected. 


berry. 

1. Nanus loganobacci. 

2. Nanus orientalis. 

3. Nanus mirabilis. 

4. Nanus holodisci. 

5. Nanus fragariae. 

6. Nanus cupulifor mans. 

7. Nanus pruniZ 


8. Nanus sacchari. 

Transmission: By aphid, Capitophorus 
tetrahodus (APIIIDIDAE), Not by 
inoculation of expressed juice. 

Literature: Zeller, Phytopalh., IS, 
1925, 732 (Abst.); 17, 1927, 629-648. 

2. Nanus orientalis H. (loc. cit., 124). 
From Latin orientalis, eastern. 

Common names: Raspberry-streak vi¬ 
rus, raspberry eastern blue-stem virus, 
raspberry rosette virus. 

Host: ROSACEAE—Rubus occiden- 
talis L., black raspberry. 

Insusceptible species: ROSACEAE — 
Rubus idacus L., red raspberry; R. pho- 
enicolasius Maxim., Japanese wineberry. 

Geographical distribution: United 
States. 

Induced disease: In black raspberry, 
plants stunted, becoming smaller in suc¬ 
cessive seasons; leaves usually curled, 
close together on canes, dark green, often 
twisted so as to be upside down. New 
canes show bluish violet dots, spots, 
or stripes near their bases and sometimes 
also on branches or on fruiting spurs. 
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Fruit inferior in size, quality, and quan¬ 
tity. Plants live only 2 or 3 years after 
infection on the average. 

Strains: A strain of this virus is be¬ 
lieved responsible for mild streak of black 
raspberries, in which purple to violet, 
greenish brown, or bluish streaks on canes 
are narrowly linear or elliptical in form 
and often very faint; when the bloom is 
rubbed off, the lesions appear as though 
watersoaked and discolored. Leaves arc 
slightly curled, their veins cleared. 
Fruits are dry and dull in lustre, even 
while still red, and of i)oor flavor when 
ripe. 

Literature; Bennett, Michigan Agr. 
Exp. Sta., Tech. Bull. SO, 1927; Wilcox 
U. S. Dept. Agr., Dept. Circ. 227, 1923; 
Woods and Haut, U. S. Dept. Agr., Plant 
Dis. Rpt., U, 1940, 338-340. 

3. Nanus inirabilis H. (loc. ext., 126). 
From Latin mirabilis, strange. 

Common name: Peach phony-disease 
virus. 

Hosts: ROSACEAE—Prunus persica 
(L.) Batsch, peach. Experimentally, 
also other Prunus species. 

Geographical distribution: United 
States (Georgia, Alabama, Florida; 
sparsely also in Mississippi, Tennessee, 
South Carolina, Louisiana, Texas, Ar¬ 
kansas, Missouri). 

Induced disease: In peach, tree 
dwarfed, foliage abnormally green, fruit 
small; flecks in wood, especially in roots; 
sections of roots show characteristic well- 
distributed purple spots after 3 to 5 min¬ 
utes of treatment in 25 cc absolute methyl 
alcohol acidulated by the addition of 1 
to 5 drops of concentrated, chemically 
pure hydrochloric acid. 

Transmission: By root grafting, except 
by root-bark patch grafts, which are inef¬ 
fective. Budding and grafting with parts 
of stem fail to transmit this virus. 

Thermal inactivation: At 48® C in about 
40 minutes in roots. 

Literature: Hutchins, Georgia State 
Entomol. Bull., 78, 1933; Phytopath., ^9, 
1939, 12 (Abst.); Hutchins and Rue, 
ibid., 99, 1939, 12 (Abst.). 


4. Nanus holodlsci H. (loc. ciL, 127). 
From New Latin Holodiscus, generic 
name of ocean spray. 

Common name: Ocean-spray witches'- 
broom virus. 

Host: ROSACE AE—Holodisctis dis¬ 
color Max., ocean spray. 

Geographical distribution: United 
States (Oregon and Washington). 

induced disease: In ocean-spray, dis¬ 
eased branches form clusters of thin wiry 
shoots with abnormally short internodes 
and crowded small leaves. Laterals num¬ 
erous and more than normally branched. 
Bronzy red color acquired early by af¬ 
fected foliage. 

Transmission: By aphid. Aphis spir- 
aeac Sohout. (APHIDIDAE). By 
grafting. Not demonstrated by inocula¬ 
tion of expressed juice. 

Literature: Zeller, Phytopath., 21, 
1931, 923-925. 

5. Nanus fragariae H. (Holmes, loc, 
cil,, 128; Blasiogenus fragariae McKin¬ 
ney, Jour. Washington Acad. Science, S4, 
1944, 151.) From New Latin Fragaria, 
generic name of strawberry. 

Common name: Strawberry witches 
broom virus. 

Host: ROS ACE A E—Fragaria chiloen- 
sis Duch. var. ananassa Bailey, culti¬ 
vated strawberry. 

Geographical distribution: United 
States (western Oregon). 

Induced disease: In strawberry, leaves 
numerous, light in color, with spindly 
petioles, margins of leaflets bent down, 
runners shortened, plants dwarfed; flower 
stalks spindly and unfruitful; root sys¬ 
tems normal and well developed. 

Transmission: By aphis, Myzusfragae- 
folii Ckll. (APHIDIDAE), Not dem¬ 
onstrated by inoculation of expressed 
juice. 

Literature: Zeller, Phytopath., 17, 
1927, 329-335. 

6. Nanus cupuliformans Zeller and 
Weaver. (Phytopath., SI, 1941, 851.) 
From diminutive of Latin cupa, tub, and 
participal from Latin formate, to fonn. 
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Common name: Strawberry-stunt 

virus. 

Host: ROSACEAE—Fragaria chiloen- 
sis Duch. var. ananassa Bailey, culti¬ 
vated strawberry. 

Geographical distribution: United 
States (Oregon, Washington). 

Induced disease: In strawberry, little 
if any reduction in chlorophyll, plants 
erect but short; leaves at first folded, 
later open, dull in lustre, with papery 
rattle when brushed by hand, leaflets 
cupped or with margins turned down, 
midveins tortuous; petioles i to | 
normal length; fruits small, usually hard 
and seedy; roots normal in appearance. 

Transmission; By strawberry-leaf 
aphid, Capitophorus fragaefolii (APHI- 
DIDAE), By grafting. Not by inocu¬ 
lation of expressed juice. 

7. Nanus pruni H. (Zoc. cil.^ 128). 
From New Latin Prunus, generic name 
of prune, from Latin prunus^ plum tree. 

Common name: Prune-dwarf virus. 

Hosts: ROSACEAE—Prunus domes- 
iica L., prune and plum; var, insititia 
Bailey, the Damson plum, remains symp¬ 
tomless. Experimentally, also Prunus 
persica (L.) Batsch, peach. 

Insusceptible species: ROSACEAE — 
Prunus avium L., cherry. 

Geographical distribution: United 
States (New York); Canada (British 
Columbia, Ontario). 

Induced disease: In prune, leaves 
small, narrow, rugose, distorted, glazed. 
Internodes short. Some branches escape 
and appear normal. Blossoms numerous, 
mature fruits few. Pistils aborted, pet¬ 
als narrow and distorted. In Damson 
and Bradshaw plums, no obvious mani¬ 
festations of disease as a result of infec¬ 
tion. 


Transmission: By budding and other 
forms of grafting. Not demonstrated by 
inoculation of expressed j nice. No insect 
vector is known. 

Literature: Berkeley, Canada, Domin. 
Dept. Agr., Div. of Bot. and Plant Path., 
Science Seryice, Publ. 679, 1941; Hilde¬ 
brand, Phytopath., S2y 1942, 741-751; 
Thomas and Hildebrand, Phytopath., 
26, 1936, 1145-1148. 

8. Nanus sacchari H. (Zoc. cit., 129). 
From New Latin Saccharum, generic 
name of sugar cane, from Latin saccharum, 
sugar. 

Common name: Sugar-cane sereh- 
disease virus. 

Host: GRAM INEAE—Saccharum offi- 
cinarum L., sugar cane. 

Geographical distribution: Java, 
Borneo, Sumatra, Moluccas, India, Mau¬ 
ritius, Australia, Fiji, Formosa, Hawaii, 
Ceylon. 

Induced disease: In sugar cane (Cheri- 
bori variety), plant dwarfed, shoots 
stunted, vascular bundles colored by the 
presence of a red gum; adventitious roots 
from many or all nodes. 

Transmission: Not by inoculation of 
expressed juice. No insect vector is 
known. 

Thermal inactivation: In cuttings of 
sugar cane, at 52° C in 30 minutes to 1 
hour. Infected cane cuttings survive the 
heat treatment required for cure through 
inactivation of the causative virus. 

Literature : Houtman, Arch. Suikerind. 
Nederland.-Indie, S3, 1925, 631-642; 

Lyon, Bull. Exp. Sta. Hawaiian Sugar 
Planters^ Assoc., Bot. Ser., 3, 1921, 1-43; 
Wilbrink, Arch. Suikerind. Nederland.- 
Indie, SI, 1923, 1-15. 


Genus F. Rimocortius Milbrath and Zeller. 

(Phytopath., S2, 1942, 430.) 

Viruses of the Rough-Bark Group, inducing diseases principally affecting bark, less 
often wood, leaves, or fruit. Generic name from Latin rima, cleft or fissure, and 
cortex, bark. 

The type species is Rimocortius kwantani Milbrath and Zeller. 
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(Note; The genus Citrivir (first named species, Citrivir psorosis Fawcett, Phyto¬ 
path., SI , 1941,357) was profKJsed by its author as a genus pro tempore with the avowed 
purpose of accommodating viruses causing diseases in species of the plant-host genus 
Citrus. It appears to have been implied by the term genus pro tempore that evidences 
of natural relationship, when discovered, w'ould permit even the first-named species 
of this genus to be assigned elsew'here. On the iissumption that a permanent genus is 
nothing more than a type species and such other species as may be added to it by one 
or another author, it must be felt that a genus pro tempore^ however convenient as an 
expedient, cannot become a permanent genus under any circumstances, because its 
first-named species would appear not to l>e a permanent part of the genus and so 
intended not to be a true type-species. Without a type species there would seem to 
be no permanent genus concept. 

The system by which the term Citrivir was coined (explained by its author as use of 
the genitive of the liost-genus name, Citnsy plus viV, signifying virus) seems in itself 
acceptable, for it is commonly agreed that a generic name may be made in an arbitrary 
manner. It may be noted that use of the stem of the host-genus name {Citr-) with 
connecting vow'el i and suffix -viTy possibly a more orthodox procedure, would have 
given the same result in the present instance. The original definition of the term 
Citrivir might be thought to he repugnant as disregarding concepts of natural inter¬ 
specific relationships that are essential to the spirit of binomial nomenclature. Were 
the genus to he regarded permanent rather than pro temporCy however, the scope of 
the genus would come to be wholly chnng(‘d In usage, w’hen, with passage of time 
related species would be added to ulnt iti this ease w'ould be a type species, without 
regard to the unorthodox intent of t he original definition btit solely in accordance with 
similarities between \ iru-^e.^ \ genenr concept need never be accepted as rigidly 
defined, whether init lally as has tieen at tempted in this case, or upon further experi¬ 
ence, because a genus may blill grow by the addition of dosely allied new species 
beyond any limit that may bo set. On this account an original, or any subsequent, 
definition may be reganleii as .subject to unlimited change so long as the type species 
is logically retained The form and definition of the term Citrivir would not, there¬ 
fore, militate against its continued use. Its avowedly temporary status alone seems 

decisively to do so. . , ^ n • 

The origitially monotypic genus Itiniocorlim, pubhslied in the following year, was 
defined only by t he fombined generic and specific descript ion, and wm not referred to a 
family by its authors. Tlie type, because at first the only species, RinuKorhvs kwan- 
zani, is the flowering-cherry rougli-bark virus. This type species might well be 
ciated with tlie species C^trmr pswosu, eitrus-psorosis virus, 
both affecting bark principally, though foliage also to some extent. Although the 
genus Citrivir was named in 1941 and Riniororl,us not until 1942, the 
as a temnorarv assemblage only, as above indicated. It would seem appropriate, the 
fore toScluL the virus that was known temporarily as Ctlrtvir psorosis in the per¬ 
manent genus Rmocortius Milbrath and Zeller and to assign this genus to the family 

Marmoraceae.) 

Key to the species of the genus Rimocortius. 


I. Affecting cherry. 
II. Affecting Citrus. 


1. Rimocortius kwamani. 

2. Rimocortius psorosis. 


3. Rimocortius pyrt. 


Til. Affecting pear. 
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1. lUinocortttts kwanzaidMilbrathand 
Zeller. (Phytopath., 92, 1942, 430.) 
From Kwanzan, name of a variety of 
flowering cherry. 

Common name: Flowering-cherry 
rough-bark virus. 

Hosts; Prunus• serrulata LindL var. 
Kwanzan, flowering cherry; P. avium L., 
Mazzard cherry. 

Geographical distribution: United 
States (Oregon). 

Induced disease: In flowering cherry, 
tree dwarfed, deficient in lateral 
branches; bark deep brown, roughened, 
splitting longitudinally; internodes short¬ 
ened, bunching leaves; leaves arched 
downward; midribs of leaves split and 
cracked on under surface. In Mazzard 
cherry, no manifestation of disease, but 
carrier condition; budded Mazzard stock 
may transmit disease to healthy Kwanzan 
cherry cions. 

Transmission: By budding, generally 
even if the inserted bud fails to survive. 

Literature; Milbrath and Zeller, Phy¬ 
topath., 92, 1942, 428^30; Thomas, ibid,, 
92, 1942,435-436. 

2. Rimocortius psorosis (Fawcett) 
comb, nov, {Citrivir psorosis Fawcett, 
Phytopath., 91, 1941, 357.) Specific 
name meaning *'of the disease known as 
psorosis.” 

Common name: Citrus-psorosis virus. 

Hosts: RUTACEAE—Citrus sinensis 
Gsbeck, orange; C. limonia Osbeck, 
lemon; C. maxima Merr., grapefruit. 

Geographical distribution: World-wide 
where citrus trees are grown. 

Induced disease: In citrus, small, 
elongated, light colored areas or flecks in 
the region of small veins on young, tender 
foliage; leaves sometimes warped; (chlo¬ 
rotic?) clearing of veins, and chlorotic 
line patterns, sometimes concentric. 
Outer layers of bark scale away; depres¬ 
sions and deformities appear in bark ai\d 
wood. Lemons, as a rule, are more tol¬ 
erant than oranges and are not subject 
to the bark changes. 


Transmission: By grafting, including 
root grafting and patch bark grafting. 
Not by inoculation of expressed juice. 
No insect vector is known. 

Literature: Bitancourt et al.. Phyto¬ 
path., 99, 1943, 865-^883; Fawcett, ibid,, 
2i, 1934, 659-668; Science, 92, 1940, 559- 
561; Phytopath., 91, 1941, 355-357; Faw¬ 
cett and Bitancourt, ibid,, 99, 1943, 837- 
864; Rhoads, ibid., 92, 1942, 410-413; 
Webber and Fawcett, Hilgardia, 9, 1935, 
71-109. 

Strains: Three strains differing from 
the type have been recognized.. The 
type, var. vulgare Fawcett, Phytopath., 
91, 1941, 357, causes psorosis A, the com¬ 
mon scaly-bark type of disease, with 
pustular eruptions of outer layers of bark 
in limited areas, with or without exuda¬ 
tion of gum; later a drab-gray, cinnamon- 
drab to rufus discoloration of the wood, 
accompanied by decline of the affected 
tree. Others, that cop^’*«®* with the 
type, are: 

2a. Rimocortius psorosis var. anulatum 
Fawcett. (Phytopath., 91, 1941, 357.) 
From Latin anulatus, with a ring. Caus¬ 
ing psorosis B, known from California, 
resembling zonate chlorosis of Brazil in 
effects on leaves and fruits. Psorosis B 
is characterized by rapid scaling of outer 
bark in continuous areas, progressing 
rapidly along one side of trunk or branch; 
gum exudes in advance of scaling, necrosis 
follows; large circular discolored and 
corky spots, sometimes concentric, on 
fruits and mature leaves; on some fruits, 
circular or semi-circular furrows and 
bumps; rapid decline of the affected tree. 

2b. Rimocortius psorosis var. concavum 
Fawcett and. Bitancourt. (Phytopath., 
99, 1943, 850.) From Latin concavus, 
concave. Causing concave-gum psorosis, 
characterized by concavities of various 
sizes on trunks and larger limbs of af¬ 
fected trees, often by zonate patterns on 
young leaves during periods of rapid 
growth. 
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2c. Rimocortius psorosis var. alvcatum 
Fawcett and Bitancourt. (Phytopath., 
SSf 1943, 864.) From Latin alveatus^ hol¬ 
lowed out like a trough. Causing blind- 
pocket psorosis, characterized by trough- 
like pockets in bark and wood or by erup¬ 
tive lesions. 

3. Rimocortius pyri (Holmes) comb, 
nov. {Marmor pyri Holmes, Handb. 
Phytopoth. Viruses, 1939, 76.) From 
New Latin Pyriis, generic name of pear, 
from Latin piruSf pear tree. 

Common name: Pear stony-pit virus. 

Host; ROSACE A E—Pyrus communis 
L., pear. 


Geographical distribution; United 
States (Oregon, Washingt/on, Califor¬ 
nia). 

Induced disease: In pear, fruit deeply 
pitted and deformed; bark cracked and 
resembling oak bark; veinlet chlorosis of 
some* leaves, failure of lateral buds to 
grow, reduction of foliage. Bartlett and 
Comice varieties of pear appear to be 
tolerant, producing sound fruit from 
infected trees. 

Transmission: By budding. Not by 
inoculation of expressed juice. No insect 
vector is known. 

Literature: Kienholz, Phytopath., 29^ 
1939, 260-267; 50,1940, 787 (Abst.). 


Gentis VI, Adelonosus Brierley and Smith 
(Phytopath., 54, 1944, 551.) 

Viruses capable of multiplying in living plant.s but producing no recognizable symp 
toms in these except on interaction with distinct viruses with which they form com¬ 
plexes. Transmitted by aphids, by sap,or by both means. Generic name from Greek 
adeloSf invisible, and nosoSy disease. Only one species is recognized thus far; this is 
the type species, Adelonosus Itlii Brierley and bmith. 


1. Adelonosus lilii Brierley and Smith. 
(Phytopath., 54,1944, 551.) From Latin 
liliumf lily. 

Common name * Lily-symptomlcss 
virus. 

Host: LILIACEAE—Lilium longi- 
florum Thunb., Piaster lily. 

Insusceptible species: All other tested 
lilies and many related plants in the same 
and other families (for list, see Phyio- 
path., 54, 1944, 549). _ 

Geographical distribution: United 
States, Japan; probably coextensive with 
commercial culture of Easter bly* 

Induced disease: In Easter hly, no 
obvious manifestation of disease when 
this virus is present alone; when together 
with cucumber-mosaic virus, however, 
the lily-symptomless virus is a deter¬ 
mining faetor in the production of ne¬ 


crotic-fleck disease; the lily-symptomless 
virus is so widely distributed in sup¬ 
posedly healthy stocks of the Easter lily 
that cucumber-mosaic virus formerly 
was thought to be tlie sole determining 
factor in notTotic flecking, now recognized 
to bo caused by the virus complex lily- 
symptomless virus {Adelonosus hlii) plus 
cucumber-mosaic virus {Marmor cucu- 
mens); the complex acts independently 
of the presence or absence of lily latent- 
mosaic virus {Marmor mite), which is 
often present with the essential members 
of the complex in flecked Easter lilies. 

Transmission: By inoculation of ex¬ 
pressed juice, with some difficulty. By 
aphid. Aphis gossypii Glov., cotton 
aphid {APHIDIDAE); preinfective 
period after obtaining virus, 4 to 6 days. 
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FAMILY III. ANNULACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939, 97.) 

Viruses of the Kingspot Group, causing diseases usually characterized by necrotic 
or chlorotic spotting with concentric-ring lesions and eventual recovery from obvious 
disease with non-sterile immunity. Hosts, higher plants; vectors unknown. There 
is a single genus. 

Genus /. Annulus Holmes» 

{Loc. cit.f 97.) 

Characters those of t he family. Generic name from Latin annulus, a ring. 

The type species is Annulus labact Holmes. 

Key to the species of genus Annulus. 

1. Found occurring naturally in the Western Hemisphere. 

A. In tobacco. 


B. In potato. 

C. In delphinium. 

II. Old World species. 

1. Annulus tabaci Holmes. (Handb. 
Phytoi)ath. Viruses, 1939, 9cS; Marmor 
anulariinn McKinney, Jour. Washington 
Acad. Sci., 34, 1944, 327.) From New 
I^atin Tahacurn, early generic name foi 
tobacco 

('’ommon names: Tobacco ringspot vi¬ 
rus, green ringsfx>t virus, yellow ringsiKit 
virus, ring sfx)! No. 1 virus. 

Host s : SOL A N ACE A E — N icotiana 
tabacum L., Petunia violacea Lindl., 
Solaninn tuberosum L. CIJC UUHlTA - 
CEAE—Cucurnis saiivus 1 j. Experimen¬ 
tally this virus has been found capable of 
infecting many species of plants in a large 
number of families; these include all 
tested species of the SOLAN ACE AE, 
SCROPH ULA RIACEAE, COMPOSI- 
TAE, and CUCURBIT ACE AE. 
Many spfjcies of the LEGUMJNOSAE 
are susceptible and one, Vigna sinensis 
(1j.) Fmdl., is used as an indicator plant 
for quantitative measurement Ixjcause 
it displays conspicuous reddish-brown 
necrotic lesions around points of initial 
infection. 


1. Annulus tabaci. 

2. Annulus zonatus.^ 

3. Annulus orae. 

4. Annulus apertus. 

5. Annulus dubhis. 

6. Annulus delphinii. 

7. Annulus bergerac. 

Geographical distribution: United 
States. 

Induced disease: In tobacco, necrotic 
ring-like primary lesions, followed by 
secondary necrotic lings on younger 
leaves. Subs(*qiieiilly, affected plants 
recover. After recovery from obvious 
disease, virus content of plants is only 10 
to 20 per cent of that of rec(‘ntly infected 
plants. Some vari<*ti(*H may show 
mosaic-like patterns in young leaves 
at 16°C. 

Transmission: By inoculation of ex- 
dressed juices. Through alxiut 20 per 
cent of seeds from diseased petunia 
plants. Not by dodder, Cuscuta campes- 
tris Yuncker {CONVOLVULACEAE). 

Serological relationships: Induces the 
formation of specific precipitating anti- 
lx)dies when injected into bloodstream of 
rabbit. 

Immunological relationships: Recov¬ 
ered tobacco plants are not susceptible to 
reinfection with this virus but arc readily 
infected with Annulus zonatus or A. orae. 
This virus produces primary lesions on 
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leaves of plants immune to reinfection 
with A. bergerac. 

Thermal inactivation: At 68® C in 10 
minutes. 

Filterability : Ptisses V, N, and perhaps 
W Berkefeld filters. 

Other properties: Particle size esti¬ 
mated by filtration experiments as aUmt 
19 millimicrons. Sedimentation con¬ 
stant, Sm* = 115 X 10“^* cm. sec."‘ 
dyne'”^ Infective in dilutions of 10'^ 
after purification. Inactivated in 1 hour 
below pH 3 or above pH 10.8. Kocovered 
plants of tobacco contain 0 (K)2 mg of 
virus per gram, recently infected plants 
about 6 times as much. Optimum con¬ 
ditions for retaining infectivity of stored 
virus include suspension iti 0.01 M jdios- 
phate buffer at pH 7 and storage at C. 

Literature: Fenne, Phytopath., 21 

1931, 891-899; Fromme et al., ibid.j 17^ 
1927, 321-328; Henderson, t6id., 21^ 1931. 
225-229; Henderson and Wingard, Jour. 
Agr. Res., 1931, 191-207; Price, Con- 
trib. Boyce Thompson Inst. Jt, 1932, 
359-A03; Phylopath., 1936, 503-529; 
Am. Jour. Bot.. 27, 1940, 530-541, Am. 
Naturalist, 74,1940,117-128, Priode, Am. 
Jour. Bot., 16, 1928, 88-93, Stanley, Jour. 
Biol. Chem., 129, 1939, 3r)-428, 429-436. 
Stanley and WyckotT, hcicnce, H3, 1937, 
181-183; V'alleau, Kentucky Agr. Exp. 
Sta., Bull. 327, 1932; Wingard, Jour. Agr. 
Res., 57, 1928, 127-153; Wood.s, ( bntrib. 
Boyce Thompson Inst,, 5, 1933, 419-434, 

Strains: A number of distinctive 
strains have been collected in nature and 
studied experimentally. The following 
have been given varietal names to dis¬ 
tinguish them from the type, vai. vir~ 
giniensis H., loc. cit,, 98 

la. Annulus (abaci var. kentuckiensis 
H. (Zoc. ctL, 99). Differing from the 
typical strain in producing less necrosis 
and less stunting in tobacco. (Price, 
Phytopath., 26, 1936, 665-675; Valleau, 
Kentucky Agr. Exp. feta., Bull. 327, 

1932. ) 

lb. Annulus (abaci var. aura(us H. 
{loc. ciL, 100). Secondary lesions in 


tobacco at first yellow spots or rings, be¬ 
coming necrotic subsequently. Recov¬ 
ery less complete than with type, abnor¬ 
mal yellowing of old leaves tending to 
persist. (Chester, Phytopath., 25, 1936, 
686-701; Price, Phytopath., 26, 1936, 
665-675; Valleau, Kentucky Agr. Exp. 
Sta., Bull. 327, 1932; Phytopath., 29, 
1939, 549-551.) 

2. Annulus zonatus H. {loc, ciL. 101). 
From Latin zonalns, zonate. 

Common names: Tomato-ringspot vi¬ 
rus, ring spot No. 2 virus. 

Ih»st8 . SOLAN ACE AE—Ntcotiana 
labacum L., tobacco. Experimentally 
this virus has been found to infect many 
species of plants in a large number of 
families. 

Geographical distribution: United 
States. 

Induced disease: In tobacco, zonate 
necrotic primary lesions and, temporarily, 
secondary lesions of the same type; 
recovery with specific, non-sterile im¬ 
munity. In tomato, systemic infection, 
yellowish-green or necrotic ring-like le¬ 
sions ; stunting. 

Transmission: .By inoculation of ex¬ 
pressed juice. 

Immunological relationships: Recov¬ 
ered plants are immune to reinfection but 
are still susceptible to Annulus (abaci, A, 
bergerac, and several mosaic-type viruses 
that have be en tested. 

Thermal inactivation: At 55 to 60® C 
in 10 minutes. 

Filterability. Passes Gradocol mem¬ 
brane 100 millimicrons in average pore 
diameter. Particle size estimated as 50 
millimicrons or less. 

Literature: Price, Phytopath., 26, 1936 
665-675; Am. Jour. Bot., 27, 1940,530-541. 

3. Annulus orae H. (Holmes, Zoc.ciL, 
103; Trac(us orae Valleau, Phytopath., 
30, 1940, 826.) From Latin ora, edge, in 
reference to occurrence of induced dis¬ 
ease near edge of tobacco fields. 

Common name: Tobacco-streak virus. 

Hosts: SOLA NACEAE—’Nicotiana 

(abacum L., tobacco. Experimentally, a 
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number of other solanaceous plants have 
been reported as susceptible, but not 
Capsicum frutescens L., pepper; Lyco- 
persicon esculentum Mill., tomato; So- 
lanum melongena L., eggplant; or S. 
tuberosum L., potato. 

Geographical distribution: United 
States. 

Induced disease: In tobacco, local and 
systemic necrosis in 3 days, with 
irregular spot, line, and ring-like lesions, 
followed by recovery from necrotic mani¬ 
festations of disease. Recovered leaves 
may show a mild mottling and regularly 
contain virus; reinoculation does not 
induce formation of necrotic lesions in 
them. 

Transmission: By inoculation of ex¬ 
pressed juice. Not through seeds from 
diseased plants. 

Immunological relationships: No cross- 
protection with respect to A. tabaci, and 
several viruses of the mosaic group. 

Thermal inactivation: At 63® C in 10 
minutes. 

Literature: Johnson, Phytopath., 26, 
1936, 286-292; Trans. Wisconsin Acad. 
Sciences, Arts and Letters, SO, 1937, 
27-34. 

4. Annulus apertus spec, nov. From 
Latin apertus, frank. 

Common name: Broad-ringspot virus. 

Hosts: SOLA N A CEA E—Nicotiana 
tabacum L., tobacco. Experimentally 
also to many species in this and other 
families. 

Insusceptible species: CHENOPODI- 
ACEAESela vulgaris L. C UC URBI- 
TACEAE—Citrullus vulgaris Schrad. 
LEOUMINOSAE—Medicago saliva L., 
Melilotus alba Desr. 

Geographical distribution: United 
States (Wisconsin). 

Induced disease: In tobacco, indistinct 
yellow-spot primary lesions, becoming 
chlorotic or necrotic rings with concen¬ 
tric markings; small chlorotic rings, 
sometimes concentric, or fine brown ne¬ 
crotic rings as secondary lesions; young 
leaves puckered at first, somewhat mal¬ 
formed. 


Transmission: By inoculation of ex¬ 
pressed juice. 

Imn^unological relationships: Protects 
against reinfection with homologous virus 
but leaves host susceptible to infection 
by Annulus tabaci. A, zonatus, and some 
mosaic-type viruses. 

Literature: Johnson and Fulton, Phy¬ 
topath., S2, 1942, 606-612. 

5. Annulus dubius (Holmes) comb,nov. 
(Marmor dubium H., loc, cit., 42.) From 
Latin dubius, uncertain, in reference to 
a common name, potato virus X, often 
used to designate this virus. 

Common name: Potato-mottle virus 
(strains of this virus have been studied at 
various times under the names potato 
latent virus, potato virus X, potato- 
anecrosis virus, virulent latent virus, 
simple mosaic virus, healthy potato virus, 
Hyoscyamus IV virus. President streak 
virus, potato foliar-necrosis virus, potato 
acronecrotic streak virus, Up-to-Date 
streak virus, potato viruses B and D, 
Solanum viruses 1, 4, and 6.) 

'Hosts'/SOLANACEAESolanum tu¬ 
berosum L., potato; Lycoperstcon esculen¬ 
tum Mill., tomato. Experimentally, also 
SOLAN ACE AE—Capsicum frutescens 
L., pepper; Datura stramonium L., Jim- 
son weed; Hyoscyamus niger L., henbane; 
Nicotiana tabacum L., tobacco; Physalis 
alkekengi L.; Solanum dulcamara L., bit¬ 
tersweet ; S. nigrum L., black nightshade. 
AM ARAN T H ACE AE—Amaranthus 
retroflexus L. COMPOSITAE — Chrysan¬ 
themum morifolium Ram. SCROPHU- 
LARIACEAE—Veronica sp., common 
speedwell. 

Geographical distribution: Widespread 
throughout the world; present in all 
known stocks of tubers of some potato 
varieties in the United States. 

Induced disease : In potato, usually no 
chlorotic mottling, sometimes a little; 
intracellular inclusions of the vacuolated, 
granular type; some varieties that are 
virtually immune in the field owe their 
tendency to localize the virus in necrotic 
primary lesions or in top-necrosis of first 
systemically infected plants to a dom- 
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inant allele of a gene nx, which charac< 
terizes plants showing a mosaic of some 
degree of intensity on infection with this 
virus; the variety known as S41956 is im¬ 
mune to all tested strains of the virus and 
possesses two dominant genes both re¬ 
quired for resistance. In tomato, sys¬ 
temic mild chlorotic mottling; if a strain 
of tobacco-mosaic virus is also present, 
a severe systemic necrosis, known as 
double-virus streak, is induced. 

Transmission: By inoculation of ex¬ 
pressed juice. Experimentally, by leaf 
contacts mainly under the influence of 
wind. No insect vector is known. Not 
transmitted through true seeds of the 
potato. 

Serological relationships: Cross precip¬ 
itin reactions between constituent strains 
of this virus. No cross reaction with 
potato aucuba-mosaic, potato inild-mo- 
saic, potato-veinbanding, tobacco-mo¬ 
saic, tobacco-etch, tobacco-ringspot or 
pea-mosaic virus. Antisera prepared by 
injecting rabbits intravenously with virus 
inactivated by nitrous acid, like those 
prepared with active virus, fix comple¬ 
ment and flocculate with virus suspen¬ 
sions (though not with juice of healthy 
host plants); they are also effective in 
neutralizing the virus. 

Immunological relationships: Tobacco 
and Datura plants infected by the type 
strain of this virus become immune to the 
more severe potato-ringspot strain. No 
protection against the severe strain is af¬ 
forded by previous infection with to¬ 
bacco-mosaic, tobacco-ringspot, toimto 
spotted-wilt, or cucumber-mosaic virus. 

Thermal inactivation: At 70° C. in 10 
minutes. 

Filterability: Passes Pasteur-Cham- 
berland Li, Ls, and Ls filters. 

Other properties: Digested by 0.02 per 
cent solution of pepsin in 3 hours at pH 
4, at 38° C. Digested also by trypsin. 
Inactivated by papaine and cyanide, but 
by neither separately. Isoelectric point 
near pH 4. Dilute solutions show anisot¬ 
ropy of flow. Concentrated solutions 
are spontaneously birefringent. Pro^r- 
ties of the type strain have been less 


studied than those of the potato-ring- 
spot strain of this virus. 

Literature: Bawden, Proc. Roy. Soc. 
London, Ser. B, 116, 1934, 375-395; Baw¬ 
den and Pirie, Brit. Jour. Exp. Path., 17, 

1936, 64-74; Bawden et al., ibid., 17, 1936, 
204-207; Blodgett, Phytopath., 17, 1927, 
775-782; Bohme, Phytopath. Ztschr., 6, 
1933, 517-524; Cadman, Jour. Genetics, 
44, 1942, 33-52; Chester, Phytopath., 27, 

1937, 903-912; Clinch, Sci. Proc. Roy. 
Dublin Soc., 23, 1942, 18-34; Johnson, 
Wisconsin Agr. Exp. Sta., Res. Bull. 63, 
1925, Koch, Phytopath., 23, 1933, 319- 
342, Kohler, Phytopath. Ztschr., 5, 1933, 
567-591; 7, 1934, 1-30; Loughnane and 
Murphy, Nature, 141 1 1938, 120; van der 
Meer, C’ent. f. Bakt., II Abt., 87, 1932, 
240-262; Salaman, Nature, 131, 1933, 468; 
Schultz ct al.. Phytopath., 27, 1937, 190- 
197; SO, 1940, 944 951; Spooner and Baw¬ 
den, Brit. Jour Exp. Path., 16, 1935, 
218-230; Stevenson et al.. Phytopath., 
29, 1939, 362-365. 

Strains: Several variants of potato- 
mottle virus, differing from the type, var. 
vulgaris H. {loc. cit., 42), have been recog¬ 
nized as distinctive varieties under the 
following names: 

5a. Annulus duhius var. annulus H. 
{loc. cit., 44). From Latin'onnwius, ring. 

Common name: Ringspot strain of 
potato-mottle virus. Necrotic primary 
and secondary ring-like lesions in experi¬ 
mentally infected tobacco plants. Indis¬ 
tinguishable from type strain by ordinary 
precipitin test, but distinguishable when 
appropriately absorbed sera are used. 
This strain has been more frequently 
studied than the type. Juice of infected 
tobacco plants contains about 0.02 to 
0.10 mg of virus per ml. Sedimentation 
constants, S 20 ® = 113 X 10 and 131 X 
10-i» cm. sec.“i dyne^^ Dissymmetry 
constant 2.78. Molecular weight 26 X 
10®. Particle size estimated to be 433 
by 9.8 millimicrons, 43.9 times as long as 
wide. Isoelectric point near pH 4. 
Stable between pH 4 and pH 9.5. Con¬ 
centrated solutions are spontaneously 
birefringent. Dilute solutions show 
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anisotropy of How. Destroyed by drying.' 
Inactivated by papaine and cyanide, but 
by neither separately. Digested by 0.02 
per cent solution of pepsin in 3 hours at 
pH 4, at 38® C. Digested also by trypsin. 
About 6 per cent of the purified virus is 
reported to be a pentose nucleic acid, but 
the carbohydrate to phosphorus ratio is 
about twice that for yeast nucleic acid. 
Guanine and pentose present. Analysis 
of sedimented virus, carbon 47.7 to 49.5 
per cent, hydrogen 6.8 to 7.7 per cent, 
nitrogen 14.6 to 17.0 per cent, phosphorus 
0.4 to 0.7 per cent, sulfur 1.1 per cent, 
carbohydrate 2.5 to 4.3 per cent, ash 2.0 
to 2.5 per cent. Reduction of carbo¬ 
hydrate content of sample to 2.5 per cent 
does not reduce activity of virus; further 
reduction inactivates. (Ainsworth, 
Ann. Appl. Biol., 21, 1934, 581-587; 
Bawden, Brit. Jour. Exp. Path., 16, 1935, 
435-443; Bawden and Pirie, tbid,, 19, 
1938, 66-82; Birkeland, Bot. Gaz., 96, 
1934, 419-436; Chester, Phytopath., 26, 
1936, 778-785; Johnson, Wisconsin Agr. 
Exp. Sta., Res. Bull. 76, 1927; Loring, 
Jour. Biol. Chem., 126, 1938, 455-478; 
Jjoring and Wyckoflf, ibid,, 121, 1937, 
225-230.) 

5b. Annvlm dubivs v^r. flaws H. (loc. 
cit, 46). From Latin flavus, yellow. 

Common name: Yellow-mottle strain 
of potato-mottle virus. Differing from 
the type by imparting a yellow cast to 
foliage of infected potatoes. (Putnam, 
Canad. Jour. Res., ^c. C, 16, 1937, 87- 
107.) 

5c. Annulus dubius var. abscurus H. 
(loc. ciL, 46). From Latin abscurus, ob¬ 
scure. Common name: Masked-mottle 
strain of potato-mottle virus. Differing 
from the type by systemically infecting 
potato, tobacco, and Jimson weed with¬ 
out symptoms under ordinary experi¬ 
mental conditions; in pepper, however, 
systemic necrosis is induced, as by all’ 
known strains. (Chester, Phytopath., 
26, 1936, 778-785.) 


6. Annulus delphinil spec. ru>v. From 
New Latin Delphinium, generic name of 
host. 

Common names: Delphinium-ringspot 
virus, perennial-delphinium ringspot 
virus. 

Hosts: RA N UNC ULACEAE-DeU 
phinium sp., perennial delphiniums. 
Experimentally, also to CHENOPODI- 
ACEAE—Beta vulgaris L. CUCUR¬ 
BIT ACE AE—Cucumis sativus L., cu¬ 
cumber. MALVACEAE — Gossypium 
hirsutiim L. RAN UNCUL ACEAE-- 
Ranunculus astaiicus L. (symptomless 
carrier). SOLAN ACE AE—Datura 

stramonium L., Nicotiana alaia Link and 
Otto, N. gluiinosa L., N. rustica L., N. 
tabacum L., Petunia hybrida Vilm. 

Geographical distribution: United 
States (California). 

Induced disease: In perennial del¬ 
phiniums, faint chlorotic rings with 
green or yellow centers on young leaves; 
irregular chlorotic spots, yellow bands, 
or irregular chlorotic rings on mature 
loaves. 

Transmission: By inoculation of ex¬ 
pressed juice in the presence of finely 
|X)wdered carborundum. 

Thermal inactivation: At 65® C in 10 
minutes. 

Literature: Severin and Dickson, Hil- 
gardia, 14, 1942, 465-490. 

7. Annulus bergerac H. (loc. cit., 102). 
From Bergerac, a town in southwest 
France. 

Common name: Bergerac-ringspot 
virus. 

Hosts: SOLA N ACEAE—NicotiaiM. 
tabacum L., tobacco. Experimentally, 
this virus has been transferred to several 
other solanaceous plants and to Phaseolus 
vulgaris L., bean, in the family LEOUM- 
INOSAE. 

Geographical distribution: France. 

Induced disease: In tobacco, thin 
necrotic-ring primary lesions, followed by 
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systemic mottling with some chlorotic 
rings on the dark green islands. Later, 
complete recovery occurs, with non- 
sterile immunity. 

Transmission: By inoculation of ex¬ 
pressed juice. 

Immunological relationships: Recov¬ 


ered plants arc susceptible to infection 
by Annulus tabaci and A, zonaius. 
Thermal inactivation: At 80® C in 10 
minutes. 

Literature: Smith, A textbook of plant 
virus diseases, P. Blakiston’s Son and 
Co., Inc., Philadelphia, 1937, 285-280. 
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FAMILY IV. RUGACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939,114)r 

Viruses of the Leaf-Curl Group, causing diseases characterized by suddenly arrested 
development of invaded tissues, resulting in leaf curl, enations, and other deformities. 
Vectors, typically white-flies (ALEYRODIDAE), There is a single genus. 

Genus 7. Ruga Holmes, 

(Loc. cit,y 114.) 

Characters those of the family. Generic name from Latin ruga, a wrinkle. 

The type species is Ruga tabaci Holmes. 

Key to the species of genus Ruga. 


I. Infecting tobacco. 

II. Infecting cotton. 

III. Infecting cassava (Manihot). 

IV. Infecting sugar-beet. 

1. Ruga tabaci Holmes. (Handb. Phy¬ 
topath. Viruses, 1939,115.) Fron^New 
Latin Tabacum, former generic name of 
tobacco. 

Common names: Tobacco leaf-curl 
virus, kroepoek virus, curl-disease virus, 
crinkle-disease virus. 

Hosts: SOLA N ACE AE—Nicoiiana 
tabacum L., tobacco. COM POSIT AE — 
Vernonia iodocalyx, V, cineria, Ageratum 
conyzoides L., Synedrella nodiflora Gaertn. 
Experimentally, also other solanaceous 
plants. 

Insusceptible species: MALVACEAE 
—Gossypium hirsutum L., cotton. 

Geographical distribution: Tanganyika, 
Southern Rhodesia, Southern Nigeria, 
Nyasaland, India, Sumatra, Formosa. 

Induced disease: In tobacco, leaves 
curled and crinkled, with occasional leafy 
outgrowths or enations. Veins greened 
and thickened. No chlorosis nor necro¬ 
sis. Plant stunted. 

Transmission: By white-fly, Bemisia 
gossypiperda Misra and Lamba (ALEY^ 
RODIDAE), By grafting. Not by in¬ 
oculation of expressed juice. 

Literature: Kerling, Phytopath., 
1933, 175-190; Mathur, Indian Jour. Agr. 


1. Ruga tabaci. 

2. Ruga gossypii. 

3. Ruga bemisiae. 

4. Rugaverrucosans, 

Sci., 3, 1933, 89-96; Matsumoto and 
Tateoko, Trans. Nat. Hist. Soc, Formosa, 
SO, 1940, 31-33; Pal and Tandon, Indian 
Jour. Agr. Sci., 7, 1937, 363-393; Pruthi 
and Samuel, ibid,, 7, 1937, 659-670; 
Storey, Nature, 138, 1931, 187-188; East 
African Agr, Jour., 1, 1935, 148-153; 
Thung, Meded. Proefsta. Vorstenl. Ta- 
bak Java, 72, 1932; 78, 1934. 

2. Ruga gossypii H. {foe, cit,, 116). 
From Latin gossypium, cotton. 

Common names: Cotton leaf-curl virus, 
cotton leaf-crinkle virus. 

Hosts: MALVACEAE—Gossypium 
hirsutum L., cotton; G, peruvianum Cav.; 
G, vitifolium Lam.; Hibiscus cannabinus 
L.; H, esculentus L.; H, sabdariffa L.; 
Althaea rdsea Cav., hollyhock; Sakel 
(hybrid) cotton. 

Geographical distribution: The Sudan 
and Nigeria, in Africa. 

Induced disease: In cotton, clearing of 
veins, blistering and pale spotting of 
leaves; leaves puckered at edge and un- 
symmetrical. Internodes shortened, 
producing bunchy growth. 

Ti'ansmission: By white-fly, Bemisia 
possyptperda Misra and Lamba (ALEY- 
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RODIDAE), Not through egg of insect 
vector. Not by inoculation of expressed 
juice. Not through soil. Not through 
seeds from diseased plants. 

Literature: Bailey, Empire Cotton 
Growing Rev., if, 1934, 280; Kirkpatrick, 
Bull. Entom. Res., 21, 1930, 127-137; 
1931, 323-363. 


3. Ruga bemisiae H. (Holmes, foe. 
cit.j 117; Ochrosticta bemisiae McKinney, 
Jour. Washington Acad. Sci., S4, 1944, 
149.) From New Latin Bemisia, generic 
name of insect vector. 

Common names: Cassava-mosaic virus, 
cassava Kr&uselkrankheit virus. 

Hosts: EUPHORBlACEAE—Marti- 
hot utilissima Pohl, cassava; M. palmaia 
Muell.; M. dulcis. 

Geographical distribution; Gold Coast, 
Belgian Congo, French Cameroons, Rho¬ 
desia, Liberia, Madagascar, probably 
throughout Africa and adjacent islands; 
Java. 

Induced disease: In Manihot vitlissimaf 
leaves unsymmetrical, curled, distorted, 
mottled; internodcs shortened, plants 
stunted. Axillary buds produce an extra 
number of side branches. 

Transmission: By white-flies (ALEY- 
RODIDAE), Bemisia nigeriensis Corb., 
in Southern Nigeria, and R. gossypiperda 
Misra and Lamba, in Belgian Congo and 
Tanganyika. White-flies infect only 
young leaves. Not by nee die-puncture, 
rubbing, or hypodermic-needie injection 
of juice expressed from diseased plants. 

Literature: Dade, Yearbk. Dept. Agr. 
Gold Coast, 1930, 245; Dufr6noy and 
Hedin, Rev. Bot. Appl., 9, 19^, ^61-365; 
Golding, Trop. Agric., Trinidad, iJ, 
1936.182-186; Kufferath and GhesquiCre, 
Compt. rend. Soc. Biol. Beige, 109, m2, 
1146; Lefevre, Bull. Agr. Congo Beige, 
1935, 442 ; McKinney, Jour. Agr. Res., 
39, 1929, 557-578; Muller, Bull. Inst. 
Plantenziekt., 21 1931, l-lj; 

Agron. Colon., i?i, 1932,117 1 Staner Bull. 
Agr. Congo Beige, 22, 1931, 75; Storey 
^t Afr. Jour., 1936,3^39; Storey 
Nichols, Ann. Appl. Biol., 26, im 79 
806; Zimmennann, Pflanwr,«, 1906, i«. 


4. Ruga verrucosans Carsner and Ben¬ 
nett. (Chlorogenus eutetticola (in error 
for eutettigicola, from New Latin Euteitix, 
genus name of a vector, and Latin -cola, 
dweller in or inhabitant of) Holmes, 1939, 
loc. cit., 11; Carsner and Bennett, Science 
^8, *1943, 386.) From Latin, meaning: 
causing rough swellings. 

Common name: Sugar-beet curly-top 
virus. 

Hosts: Very wide range in many fami¬ 
lies of dicotyledonous plants. Among 
the horticulturally important host plants 
are the sugar beet {Beta vulgaris L., 
CHENOPODIACEAE); bean {Phase- 
olus‘ vulgaris L., LEGUMINOSAE); 
squash {Cucurhita species, CUCUBBI- 
TACEAE); and tomato {Lycopersicon 
esculentum Mill., SOLAN ACE AE), 

Geographical distribution: Western 
North America; in Argentina a strain of 
virus thought to belong here has been 
reported but has not yet been fully de¬ 
scribed. 

Induced disease: In beet, clearing of 
veins, leaf curling, sharp protuberances 
from veins on lower surface of leaves, 
increase in number of rootlets, phloem 
degeneration followed by formation of 
supernumerary sieve tubes, retardation 
of growth. In tomato, (western yellow 
blight or tomato yellows), phloem de¬ 
generation followed by formation of su¬ 
pernumerary sieve tubes, retardation of 
growth, dropping of flowers and buds, 
rolling, yellowing and thickening of leaves, 
root decay, usually followed by death, 
sometimes by recovery. Occasionally 
there is relapse after recovery. In cucur- 
bitaceous plants, stunting, bending up¬ 
ward of tip of runner, yellowing of old 
leaves, abnormally deep green in tip 
leaves and stem; Marblehead squash is 
tolerant, showing only mild witches* 
broom formation and phyllody. In bean, 
infected when young, thickening and 
downward curling of first trifoliate leaf, 
which becomes brittle and will break 
easily from the stem; leaves become- 
chlorotic, plant stops growing and usually 
dies soon; older plants are also suscepti¬ 
ble to infection; they may survive until 
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the end of the season, showing puckering 
and downward curling of leaves at the top 
of the plant, reduction in size of new 
leaves, and shortened internodes, or they 
may gradually become chlorotic and die. 

Transmission: By leafhopper, Euteiixx 
temllua (Baker) {CICADELLIDAE) 
with 4 to 12 hour preinfective period. 
Through dodder, Cuscuta campeatris 
Yuncker (CONVOLVULACEAE), Not, 
with any regularity at least, by mechani¬ 
cal inoculation of expressed juice. Not 
through seeds of diseased plants to seed¬ 
lings germinating from them. The leaf- 
hopper, Agalliana ensigera Oman (C/- 
CADELLIDAE)f is said to transmit a 
South American strain of sugar-beet 
curly-top virus, but evidence for identity 
of the virus has not yet been reported in 
detail. 

Thermal inactivation: At 75® to 80® C 
in 10 minutes. 

Filterability: Passes Berkefeld V, N, 
and W, Mandler medium and fine, and 
Chamberland Li, Lj, Ls, L;, Lj, Lu and 
Lii filters. 

Other properties: Withstands alcohol 
and acetone treatments. A pH of 2.9 
or lower inactivates, but an alkaline reac¬ 
tion as high as pH 9.1 does not inactivate, 
in 2 hours. Virus active after at least 8 
years in tissues of thoroughly dried young 


sugar-beet plants, 6 months in dried leaf- 
hoppejrs, and 10 months in dried phloem 
exudate. 

Strains: hi general it has proved possi¬ 
ble to modify strains by host passage, 
some hosts like Chenopodium murale 
L. appearing to select less virulent 
strains, others like Etellaria media (L.) 
Cyr. reversing this selection and restor¬ 
ing virulence. 

Literature: Bennett, Jour. Agr. Hes., 
48, 1934, 665-701; 60, 1935, 211-241; 66, 
1938, 31-52; Phytopath., 32, 1942, 826- 
827; Carsner, Phytopath., 16, 1925,745- 
757; U. S. Dept. Agr., Tech. Bull. 360, 
1933; Jour. Agr. Res., 33, 1926, 345-348; 
Dana, Phytopath., 28, 1938, 649-656; 
Fawcett, Revista Industrial y Agricola 
de Tucumdn, 16, 1925,39-46; Fife, Phyto¬ 
path., SO, 1940, 433-437; Giddings, Phy¬ 
topath., 27, 1937,773-779; Jour. Agr. Res., 
66, 1938, 883-894; Lackey, Jour. Agr. 
Res., 66, 1937, 453-460; Lesley and 
Wallace, Phytopath., 28, 1938, 548-553; 
Murphy, ibid., 30, 1940, 779-784; Severin, 
Hilgardia, 3, 1929, 595-636; Severin and 
Freitag, ibid., 8, 1933, 1-48; Severin and 
Henderson, Hilgardia, 3, 1928, 339-393; 
Severin and Swezy, Phytopath., 18, 1928, 
681-690; Shaw, U. S. Dept. Agr., Bull. 
181, 1910. 
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FAMILY V. SAVOIACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939, 131.) 

Viruses of the Savoy-Disease Group, causing diseases characterized mainly by 
crinkling of foliage. Vectors, true bugs {PIESMIDAE and MIRIDAE). There 
is a single genus. 


0enu8 I. Savdia Holmes, 

{hoc, ciL, 131.) 

Characters those of the family. Generic name from French chou de Savoie^ cabbage 
of Savoy, a cabbage with wrinkled and curled leaves. 

The type species is Savoin betae Holmes. 

Key to the species 


I. Infecting beet. 


II. Infecting rape and rutabaga. 

1. Savoia betae Holmes. (Handb. 
Phytopath. Viruses, 1939, 132.) From 
Latin beta, beet. 

Common names: Beet-Krauselkrank- 
heit virus, sugar-boci leaf-curl virus, 
sugar-beet leaf-crinkle virus, Kopfsalat 
virus. 

Host: ri/ENOPOlJIACEAE-Ecta 
vulgaris L., beet, 

Geographical distribution- Germany, 
Poland. 

Induced diseas**. In beet, veiiib ol 
leaves swollen, retarded in growth, caus¬ 
ing crinkling. New Icnve.s remain small 
and incurved, forming a eoinpact licad. 
Old leaves die; plant succumbs before 
harvest time. Prepatent period in plant, 
3 to 9 weeks. 

Transmission: Hy tingid bug, Piesvia 
quadrataVieb. {PIESMIDAE). Notbv 
inoculation of expressed juice. 

Literature: Wille, Arb. Biol. Reich- 
sanst. Land- u. Forstw., 16, 1928, 115-167. 

2. Savoia plesmae H. {he, cit., 132). 
From New Latin Picsma, generic name 
of insect vector. 

Common name : Beet-savo}’’ virus. 

Host: CHENOPODIACEA E—Heia 

vulgaris L., beet. 


of genus Savoia. 

1. Savoia betae, 

2. Savoia piesmae. 

3. Savoia napi. 

Geographical distribution: United 
States (Michigan, Ohio, Minnesota, Ne¬ 
braska, South Dakota, Colorado, Wyom¬ 
ing) and Canada. 

Induced disease: In beet, leaves 
dwarfed, curled down, small veins thick¬ 
ened. Phloem necrosis in roots. Pro¬ 
dromal period in plant, 3 to 4 weeks. 

Transmission: By tingid bug^ Piesma 
evturea iPIESMIDAE). Not by inocu¬ 
lation of expressed juice. 

Literature: Coons et al., Phytopath., 
27, 1937, 125 (Abst.); Hildebrand and 
Koch, ibid,, S2, 1942, 328-331. 

3. Savoia napl H. {loc, cit,, 133). 
From New Latin Napns, former generic 
name of rape, Brassica napns L. 

Common name : Rape-savoy virus. 

Hosts: CRUCIFERAE—Brassica na- 
pus L., rape; B. napobrassica Mill., ruta¬ 
baga. 

Geographical distribution: Germany. 

Induced disease: In rape, twisting and 
crinkling of young leaves; premature 
ileath of old leaves and of plants; in sur¬ 
viving plants, inhibition of grow'th in 
spring. In rutabaga, mottling and crink¬ 
ling of leaves, with formation of fissures 
at leaf edges. Plants rarely killed. 
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Tranciimssion: By inoculation of ex¬ 
pressed juice. By the tarnished plant 
bug, Lyqui 'pfaiensnlAiiTi.{MIRlDAE). 
The insect vector retains this virus dur¬ 
ing intervals between crops. 


Literature: Kaufmann, Arb. Biol. 
Reichsanst. Land- u. Forstw., 21, 1936, 
605-623; Mitteil. Landwirtsch., S7, 1936; 
Pape, Deutsch. Landwirtsch. Presse, 
26, 1935. 
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FAMILY VI. LETHACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939,136.) 

Virus strains of the Spotted-Wilt Group, causing diseases characterized by bronzing 
of foliage, streaking of stems, blighting of tips, necrotic spotting of foliage. Hosts, 
higher plants; vectors, thrips {THRIPIDAE), There is a single genus. 


Qenv^ L Lethuxn Holnm. 


(hoc. ciL, 135.) 

Characters those of the family. Generic name from Latin Uihum^ death. At 
present there is but one known species, though this is reported to be nearly world-wide 
in distribution. In some areas it may have been confused with entities needing sep¬ 
arate recognition. 

The type species is Leihum australiense Holmes. 


1. Lethum australiense Holmes (loc. 
ciL, 136). From Australia, where virus 
was first described. 

Common names: Tomato spotted-wilt 
virus, kromnek or Kat River disease 
virus. Also, pineapple yellow-spot or 
side-rot virus (according to Sakimura, 
Phytopath., SO, 1940, 281-299). 

Hosts; Very numerous species in many 
families of higher plants. Among those 
most often noted are: SOLAN ACE AE — 
Lycopersicon esculenlutn Mill., tomato; 
Nicoiiana iabacum L., tobacco; ^S'o/am/m 
tuberosum L., potato. COMPOSITAE 
—Laciuca saliva L., lettuce. LEGUM- 
TNOSAE—Pisufn sativum L., pea. 
BROMELI ACE AE-^ Ananas cojnosus 


Merr., pineapple. 

Geographical distribution: Australia, 
British Isles, United Slates, South Africa 
Hawaii, New Zealand, Europe, C hina, 
South America. 

Induced disease: In tomato, bronze 
ring-like secondary lesions, plant stunted, 
some necrosis; later yellowish mosaic 
with some leaf distortion. Iriiit fre¬ 
quently marked with concentric rings of 
pale red, yellow, or white. In tobacco, 
primary necrotic lesions followed by sys¬ 
temic necrosis, with stem streak, croo - 
neck, often stunting with subsequent 
wilting and death, sometimes temi^rary 
recovery followed by recurrence of sys¬ 
temic necrosis. In lettuce, plant ye - 
lowed, retarded in growth; brown blem¬ 


ishes in central leaves, affected spots 
dying, becoming like parchment but with 
brown margins. Axillary shoots may 
show chlorotic mottling. In pea, pur¬ 
plish necrotic streaks on stem; at first, 
leaves mottled; later, necrotic spots 
damage foliage; pods show circular ne¬ 
crotic spots or wavy lines, or, if severely 
affected, may collapse; seeds may show 
necrotic lesions. In potato, zonate ne¬ 
crotic spots on upper leaves, necrotic 
streaks on stems; stems collapse at top; 
plant is stunted, yield of tubers small. 
In pineapple, at first an initial spot or 
primary lesion i to ^ inch in diameter, 
raised, yellowish, on upper surface of 
young leaf; later chlorotic spotting of 
young leaves, crook-neck because of 
necrotic foci in stems and fruits (side 
rot); plant may die. 

Transmission: By inoculation of ex¬ 
pressed juice; the addition of fine car¬ 
borundum powder to inoculum facilitates 
transmission by rubbing methods. By 
thrips, Frankliniella lycopersici Andre- 
wartha (formerly identified os F . inau- 
daris Franklin), F. occidentalis P^rg., F. 
mouUoni Hood, and F . schulizei (Try’ 
horn) (THRIPIDAE). Also by Thrips 
tahaci Lind. {THRIPIDAE). In F. 
lycopersici, thrips must pick up virus 
while still a nymph; virus persists 
through pupation and emergence as adult; 
preinfective period in vector, 5 to 9 days. 
Virus is not transmitted through eggs of 
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infective thrips. Probably not ihixiugli 
seeds of infected plants. Not through 
soil. 

Immunological relationships. Infects 
tobacco plants previously infected with 
tobacco-mosaic, ix)talo-inot t le, tobacco- 
ringspot, and tomato-ringspot viruses. 

Thernial inactivation: At 42® C in 10 
minutes. 

Filterabiiity: Passes Gradocol mcm-’ 
brane of 0.45 micron ix)re diameter. 

Other properties: Virus readily inacti¬ 
vated by desiccation or by action of oxi¬ 
dizing agents; activity prolonged by pres¬ 
ence of sodium sulfite, cystein, or by low 
temperatures. Unstable at pH values 
below 6 and above 0. 

Literature: Ainsworth ct al., Ann. 
Appl. Biol., 21 y 1934, 566-580; Andrewar- 
tlia, Trans. Boy. Soc. of So. Australia, 61 y 
1937,163-165; Bald and Samuel, ibid.y 21, 
1934, 179-190; Berkeley, Scientific Agr., 
IS, 1935, 387-392; Best, Aii.stral. (’hem. 
Inst. Jour, and Proc., 4, 1937, 375-392; 
Best and Samuel, .Ann. Appl. Biol., 23^ 
1936, 509-537 , 759-780, (’artor, Phyto¬ 
path., 29, 1939, 285-287; Lcwcock, 

Queensland Agr. Jour., 45, 1937, 665-672, 
Linford, ibid,, 22, 1932, .301-321; Magee, 
Agr. Gaz. of New South Wales, 47j 1936, 
99-100, 118; McWhorter and Milbrath, 
Phytopath., 26y 1935, 897-898 (Absl.); 
Oregon Agr. Exp. Sta., Circ. 128, 1938; 
Milbrath, Phytopath., 29, 1939, 156-168; 
Moore, Nature, 147, 1941, 480-481; Moore 
and Anderssen, Union of So. Africa, Dept. 
Agr., Science Bull. 182, 1939; Parris, 
Phytopath., 30, 1940, 299-312; Rawlins 
and Tompkins, ibid,, 26, 1936, 578-587; 
Sakimura,/hid., SO, 1940, 281-299; Sam¬ 
uel and Bald, Ann. Appl. Biol., 20, 1933, 
70^; Jour. Agr. So. Australia, 37, 1933, 


190-195; Samuel el al., Counc. Scient. 
Indus. Res., Austral., Bull. 44, 1930; 
Ann. Appl. Biol., 22, 1935, 508-524; 
Shapovalov, Phytopalh., 24, 1934, 1149 
(Abst.); Smith, Nature, 127, 1931, 852- 
853; Ann. Appl. Biol., 19, 1932, 305-330; 
Jour. Minist. Agr., 39, 1933, 1097-1104; 
.lour. Roy. Hort. Soc., 60, 1935, 304-310; 
Snyder and Thomas, Ililgardia, 10, 1936, 
257-262; Takahashi and Rawlins, Phyto¬ 
path.. 24, 1934, 1111-1115; Taylor and 
('‘hambcrlain. New Zealand Jour. Agr., 
54, 1937 . 278-2S3; Whipple, Phytopath., 
26, 1936, 918-920. 

Strains: A strain diff(‘ring stunewhat 
from the type, var. iyptcinn II. {loc. cil., 
136), has been described as damaging 
tomatf)es in the northwe.‘^tern United 
States. It has been given a distinctive 
varietal name : 

la. Lclhnw an,*<irnli€ni((' var. lethale H. 
[loc. at., 138). From T^atin lelhalis, 
deadly. (’oininon names: Tip-blight 
.strain of tonmti? six)tted-wilt virus, 
Oregon tip-blight virus, tomato die-back 
streak virus, tomato tip-blight virus. 
Differs from the type in causing necrotic 
leaf sfxdting, stem streaking, and tip 
blighting in most hosts, without mottling 
or bronzing of foliage; yet in Tropaeolurn 
majus L., there is little necrosis. In 
tomato, systemic necrosis, terminal 
shoots blighted and blackened; dead tips 
stand upright above living foliage. 
Fruits rough and pitted, with internal 
pockets of necrotic tissue or with sub- 
epidermal necrosis, appearing externally 
as concentric brown bands. (McWhorter 
and Milbrath, Oregon Agr. Exp. Sta., 
Circ. 128, 1938; Milbrath, Phytopath., 
29, 1939, 156-168.) 
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Suborder III. Zoophagineae suhordo natms. 

From Greek phagein^ to eat, and zoon, an animal. Viruses infecting animals but 
having no plant hosts, so far as known. 

Key to the famUiea of suborder Zoophaginae. 

1. Inducing diseases in insects as exclusive hosts. 

Family I. Borrelinaceae^ p. 1225. 

2. Inducing diseases of the pox group. 

Family II. Borreliotaceae, p. 1229. 

3. Inducing diseases of the encephalitis group. 

Family III. Erronaceae^ p. 1248. 

4. Inducing diseases of the yellow-fever group. 

Family IV. Charonaceae^ p. 1265. 

5. Inducing diseases of the infectious anemia group. 

Family V Trifuraceaet p. 1282. 

6. Inducing diseases of the mumps group. 

Family VI. Rabvlaceaey p. 1284. 

FAMILY I. BORRELINAOEAE FAM. NOV. 

Viruses causing polyhedral, wilt, and other diseases in arthropods. The genus Bor- 
relina Paillot was originally spelled Borrellina by error; from Borrel, name of French 
scientist. 


Key to the genera of family Borrelinaceac. 

I. Known only as attacking lepidopterous insects. 

Genus 1. Borrelinaj p. 1225. 

II. Known only as attacking the honey bee, a hymenopterous insect. 

Genus II. Morator, p. 1227. 

Genus I. Borrellna Paillot. 

(Compt. rend. Acad. Sci., Paris, 18B, 1926, 182.) 

Viruses inducing polyhedral, wilt, and other diseases; hosts. Lepidoptera. so far as 

aown. . r» iw 

The type species is Borrdina bombycu Vaillot. 


Key to the species of genus Borrellna. 

I. Attacking silkworm. ^ 

II. Attacking nun moth. ^ 

3. Borrelina reprimens. 


III. Attacking gypsy moth. 

IV. Attacking cabbage worm 


4. Borrdina brassieae. 
6. Borrdina pierit. 
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1. Borrelina bombycis Paillot. 
(Compt. rend. Acad. Sci., Paris, 

1926, 182.) From Latin hombyx, silk¬ 
worm. (Note: Coccus-like lx)dies sur¬ 
rounded by non-staining substances, as¬ 
sociated with the induced disease, re¬ 
ceived the provisional name Chlamy- 
dozoon bombycis from Prowazek, Arch. f. 
Protistenkunde, 10, 1907, 363.) 

Common names: Silkworm-jaundice 
virus, silkworm-grasserie virus, silkworm 
wilt virus, Gelbsucht virus, Fettsucht 
virus. 

Host: BOMB YCI DAE—Bombyx mori 
(L.), silkworm. 

Geographical distribution: Japan, 
Italy, France. 

Induced disease: In silkworm, after 
prodromal period of 5 days or more, yel¬ 
low spots on skin, polyhedral bodies in 
blood, inactivity, loss of appetite, ir¬ 
ritability, weakening of body facilitating 
rupture from mechanical stress, eventual 
death. 

Transmission: By feeding. Experi¬ 
mentally, also by injection. 

Serological relationships: Specific ag¬ 
glutination, precipitation, and comple¬ 
ment fixation. 

Thermal inactivation: At 60'’ C in 15 
to 20 minutes in blood. 

Filterability: Passes Berkefeld N and 
V, Chamberland Li, L 2 , and La filters. 

Other properties: May survive at least 
2 years in dry state. Stable between 
pH 5 and about pH 9. Sedimentation 
constant 17 S. 

Literature: Aoki and Chigasaki, Cent, 
f. Bakt., I Abt., Orig., 86, 1921, 481-485; 
Glaser and Lacailladc, Am. Jour. Hyg., 
20, 1934, 454-464; Glaser and Stanley, 
Jour. E.\p. Med., 77, 1943, 451^66; v. 
Prowazek, Cent. f. Bakt., I Abt., Orig., 
67, 1912, 268-2S4; Suzuki, Bull. Imperial 
Kyoto ^ricultural College, 1, 1929, 45- 
75; Trager, Jour. Exp. Med., 61, 1935, 
501-513. 

2. Borrelina effleiens spec, nov. From 


Latin efficiens, effective, in reference to 
effectiveness of this virus in controlling 
nun-moth infestations. 

Common names: Nun-moth diseiiso 
virus, nun-moth wilt virus, Wipfclkrank- 
heit virus. 

Host: L YMA N TlillDAE—Lyman^ 
iria monacha (L.), nun moth. 

Geographical distribution: Europe. 

Induced disease: In eggs, larvae, pupae 
and occjisionally adults of nun moth, 
polyhedral bodies in affected tissues. 
Blood of sick larvae turbid; later, blood 
cells few; contents of body finally become 
a gray-brown, semifluid mass. 

Transmission: By feeding. 

Thermal inactivation: At 55 to 60° C in 
5 to 10 minutes. 

Filterability: Fails to pass Berkefeld 
and Chamberland filters. 

Other properties: May remain viable 
at least 2 years in dry state. 

Literature: Escherich and Miyajima, 
Naturwissens. Ztschr. f. Forst- u. Land- 
wirtschaft, 9, 1911, 381-402; Wachtl and 
Kornauth, Mitth. a. d. forstl. Vcrsuch- 
swesen Osterreichs, 16, 1893,1-38; Wahl, 
Centralbl. Gesam. Forstw., 35, 1909,164- 
172; 212-215; 36, 1910, 377-397 ; 57, 1911, 
247-268 ; 55,1912, 355-378. 

3. Borrelina reprimens spec, nov. 
From Latin reprimere, to restrain. 

Common name: Gypsy-moth wilt virus. 

Host: L YMA NTRIIDAE—Porthe- 
iria dispar (L.), gypsy moth. 

Geographical distribution: United 
States. 

Induced disease : In gypsy moth cater¬ 
pillar, flaccidity, disintegration of tissues, 
eventual collapse as a watery sack. 
Death occurs in 13 to 29 (average 21) days 
after infection; caterpillar may remain 
attached to its support by prolegs; skin 
ruptures easily. Polyhedral bodies orig¬ 
inate in nuclei of the tracheal matrix, 
hypodermal, fat, and blood cells. 

Transmission: By feeding on contam- 




FAMILY BORRELINACEAE 


1227 


inatcd foliage. Not through undamaged 
skin. 

Filtcrability: Passes Berkcfcld N, not 
Pasteur-Chamberland F, filter. 

Literature: Chapman and Glaser, Jour. 
Econ. Entomol., 8,1915,140-150; 5,1016, 
149-K 'Glaser, Jour. Agr. Res., 4, 1915, 
101-128; Science, 4^, 1018, 301-302; 
Glaser and Chapman, Jour. Econ. En¬ 
tomol., 6j 1913, 479-48S. 

4. Borrelina brassicae Pail lot. 

(Compt. rend. Acad. Sci., Paris, 182^ 
1926, 182.) From name of liost, Pieris 
brasutcae. 

Common name : (iibbage-worm grass- 
erie virus. 

Host: FIERI DAE—Pieris brnasicae 
(L.), cabbage worm. 

Induced disease: In cabbage worm, no 
nuclear or cytoplasmic inclusions; nuclei 
of fat and hypodenual cells hypertrophied 
and soon disorganized. 

Transmission; Ry feeding. 

Other properties: Inscribed as sub- 
microscopic in size, intracytoplasmic. 


Literature; Paillot, loc. ciL ; Ann. Inst. 
Pasteur, 40 1 1926, 314-452; L’infection 
chez les insectes. Immunity ct sym- 
biose, 535 pages, Tr6voux, Patissier, 19^. 

5. Borrelina pieris Paillot. (Compt. 
rend. Acad. Sci., Paris, 182, 1926, 182.) 
From New Latin Pieris, generic name of 
host. 

Common name: Virus of nuclear disease 
of pierids. 

Host: FIERI DAE—Pieris brassicae 
(L.), cabbage worm. 

Induced disease: In cabbage worm, 
body yellowish below, tears easily just 
before death; chromatin of nuclei in fat 
and blood cells condensed in irregular 
masses; cytoplasmic inclusions staining 
faintly red in Giemsa preparations. 

Transmission: By feeding. 

Other properties: Described as intra¬ 
cytoplasmic, less than 0.1 micron in di¬ 
ameter. 

Literature: Paillot, loc, cit. ) Ann. Inst. 
Pasteur, 40, 1926, 314-452; L'infection 
chez les insectes. Immunity et sym- 
biose, 535 pages, Trevoux, Patissier, 1933. 


Appendix: Bonclina Jiacheriae ({uoted from Paillot, L’infoction chez les insects. 
535 pp., Trevoux, Patissier, 1035, see p. 96. Cause of gat tine in the silkworm, Bombyr 
viori L. No previous reference to a ilescription of this species has been found. 


Genvs 11, Mora tor gen. nov. 

one spccie.s at present, inducing the disease known as saebrood of the honey 
from Latin moralor, loiterer. The type, and only, specks is 


Only 

bee. Generic name 
Moraior aetatulae spec. nov. 

1. Morator aetatulae spec. nov. From 
Latin actntida, early period of life, in 
reference to attack on immature stages 
of host, exclusively. 

Common name: IToncy-bee saebrood 

virus. 

Host: API DAE—Apts inellifcra L., 
honey bee (immature stages only). 

Insusceptible species: LYM'ANI RID 
DAE—Porthetria dispar (L.), gypsy 

moth. ,T • 1 

Geographical distribution: United 

States. 


Induced disease: In the honey l)ee, 
immature stages only are susceptible; in¬ 
fected larvae die, usually after capping, 
some of the dead brood lacing uncapped by 
the bees. Occasionally caps are punc¬ 
tured. Affected areas of comb are usu¬ 
ally small and scattered. Each larva is 
extended along its cell, head turned up¬ 
ward toward the roof. A larva recently 
dead appears light yellow, light gray, or 
light brown, soon darkening to brown or 
almost blacky Cuticle of dead larva 
tough, permitting extraction of the sac- 
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like mass without rupture; contents 
watery with many suspended, fine, brown 
particles. There are no characteristic 
intracellular bodies in affected tissues. 
Dead larvae eventually dry down to form 
scales that are black and roughened, that 
separate readily from the cell wall, and 
that may be lifted out intact. Colonies 
tend to lose virus spontaneously. 

Transmission: By contamination of 
food. Not by hands, clothing, or tools. 
Perhaps thiv ugh water supply of insects. 

Thermal inactivation: In water, at 58^ 


C in 10 minutes. In honey, at 70 to 73^ 
C in 10 minutes. 

Filterability: Passes Berkefeld and 
Pasteur-Chamberland filters. 

Other properties: Withstands drying 
20, not 22, days, exposure to sunlight 7 
hours or less, storage in honey a month 
or more, | to 2 per cent aqueous solutions 
of carbolic acid 3 weeks or more. 

Literature: McCray and White, U. S. 
Dept. Agr., Dept. Bull. 671,1918; White, 
U. 8. Dept. Agr., Bur. of Entomol., Circ. 
169, 1913; U. S. Dept. Agr., Dept. Bull. 
92, 1914; ibid,, Dept. Bull. 431,1917. 
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FAMILY 11. BORRELIOTACEAE FAM. NOV, 

Vinises of the Pox Group, inducing diseases characterized in general by discrete 
pnmary and secondary lesions of the nature of macules, papules, vesicles, or pustules. 

Key to the genera of family Borreliotaceae. 

I. Viruses of the Typical Pox-Disease Group. 

Genus 1. Borrelioia, p. 1229. . 

II. Virusesof the Varicella Group. 

Genus II. BriaretiSf p. 1233. 

III. Viruses of the Herpes Group. 

Genus III. Scelua, p. 1234. 

IV. Viruses of the Foot-and-Mouth-Disease Group. 

Genus IV. Hostia, p. 1239. 

V. Viruses of the Wart-Disease Group. 

Genus V. Molitor, p. 1240. 

Genua /. Borrellota Goodpasture, 

(Science, 77, 1933, 121.) 

Viruses of the Typical Pox-Disease Group, inducing diseases characterized by forma* 
tion of papules, pustules, and scabs, shed with or without scarring. Generic nftrpft 
from Borrely investigator who first discovered the specific granules of fowl pox and 
I^atinized name of the smallest Greek letter, ioto, signifying smallest particle. The 
name Cytoryctea variolas Guarnieri 1892 was based on intracellular inclusions, Guar- 
nieri bodies, as supposed sporozoan parasites (Calkins, Jour. Med. Res., II, 1904, 
130-172). 

The type species is Borreliota avium Goodpasture. 


Key to the species of genua Borreliota. 

I. Affecting domestic fowl. 

1. Borreliota avium. 

II. Affecting man principally, although strains have become adapted to cow, 
rabbit, etc. 


III. Affecting swine. 

1. Borreliota avium (Lipschiltz) Good- 
pasture. (Strongyloplasma avium Lip- 
schtitz, in Kolle, Kraus and Uhlenhuth, 
Handbuch der pathogenen Mikroorgan- 
ismen, 3 Auft., 8,1930,314; Goodpasture, 
Science, 77, 1933, 121.) From I..atin 
aveSj fowl of the air. 

(Common names: Fowl-pox virus; also 
known as jwultry-pox virus, chicken-pox 
virus (but not the virus of the same name 
attacking man rather than the chicken), 
or virus of epithelioma contagiosum of 
fow'Is; strains have been studied under 


2. Borreliota variolae. 

3. Borreliota auia. 

the names Kikuth’s canary virus and 
pigeon-pox virus. 

Hosts: Chicken, turkey, pigeon, goose, 
duck, guinea fowl, quail, hawk, pheasant, 
partridge, bunting sparrow, canary. Ex¬ 
perimentally, also English sparrow, chick 
embryo. 

Insusceptible species: Man, goat, 
sheep, mouse, rat, guinea pig. 

Geographical distribution: Europe, 
Asia, North America; perhaps coexten¬ 
sive with the area in which chickens are 
grown under conditions of domestication. 
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Induced disease: In chicken, hyper¬ 
plastic nodular lesions of the skin, diph¬ 
theritic membranes in mouth and throat, 
discharges from eyes and nose; nodules 
eventually dry up and fall off, usually 
without leaving scars. Inclusion bodies, 
known as Bollinger bodies, believed to 
represent aggregates of minute Borrel 
bodies or virus particles, leave much 
grayish-white ash when incinerated; 
break readily after digestion by 1 per cent 
trypsin in 0.2 per cent sodium bicarbon¬ 
ate. Borrel bodies coccoid, 0.25 microns 
in diameter. On chorioallantoic mem¬ 
brane of chick embryo, proliferation and 
hyperplasia, or necrosis.. 

Transmission: By contact, perhaps 
through wound infection. By blood¬ 
sucking dipterous insects. Experimen¬ 
tally, by scarification of skin or buccal 
mucosa; by intravenous, intradermal, 
subcutaneous, intramuscular, or intra- 
peritoneal inoculation. May be passed 
in series by nasal instillation in chickens, 
obvious mucosal changes occurring only 
occasionally. Experimentally, by mos¬ 
quitoes (CULICIDAE)f Aedes aegypti 
L., A. stimulans Walker, A. vexans 
Meigen (as long as 27 days from time of 
feeding on infective material), and Culex 
pipiens L. (indefinitely after infective 
feeding, as long as the individual mos- 
uito lives); in C. pipiens^ the virus has 
been found also under natural conditions. 

Serological relationships: Neutralizing 
and elementari-body-agglutinating anti¬ 
sera specific. Antivaccinial serum from 
rabbit ineffective against fowl-pox virus, 
although neutralizing vaccinia virus. 

Immunological relationships: No cross 
immunity with respect to vaccinia virus 
in the chicken. 

Thermal inactivation: At 60^ C in 8 
minutes; at 56° C in 30 minutes. 

Filterability: Passes Berkefeld V, not 
Chamberland L 2 , filter candle. 

Other properties: Drying at room tem¬ 
perature in vacuo does not inactivate. 
Viable after storage at least 24 months 
at 0 to 4° C, dry. 

Strains: A strain known as Kikuth’s 


canary virus has been studied in some 
detail. When introduced into the rabbit 
it induces formation of neutralizing anti¬ 
bodies that react strongly with homol¬ 
ogous virus, moderately against fowl-pox 
virus. Antivaccinial serum is ineffective 
against it. In canaries, it induces pro¬ 
liferation of dermal epithelium with 
cytoplasmic inclusions, the inflammatory 
process being characterized by predom¬ 
inantly mononuclear cells with vacuo¬ 
lated cytoplasm; in the lung there is 
massive accumulation of large mononu¬ 
clear cells containing the specific cyto¬ 
plasmic inclusions; the disease is regu¬ 
larly fatal. Passes Berkefeld N filter. 
Size estimated as 120 millimicrons by 
centrifugation. (Bechhold and Schles- 
inger, Ztschr. f. Hyg., US, 1033, 354- 
357; Burnet, Jour. Path, and Bact., S7, 
1933, 107-122; Burnet and Lush, Brit. 
Jour. Exp. Path., 17, 1936, 302-307; 
Gaede, Cent. f. Bakt., I Abt., Orig., ISS, 
1935, 342-346; Kikuth and Gollub, ibid,, 
m, 1932, 313-320.) 

Literature: Andervont, Am. Jour. 
Hyg., S, 1926, 719-754; Brandly and Dun¬ 
lap, Jour. Am. Vet. Med. Assoc., 96, 1939, 
340-349; Brandly et al.. Am. Jour. Vet. 
Res., 2, 1941, 190-192; Brody, Cornell 
Agr. Exp. Sta. (Ithaca). Memoir 195, 
1936; Buddingh, Jour. Exp. Med., 67, 
1938, 933-940; Burnet and Lush, Brit. 
Jour. Exp. Path., 17, 1936, 302-307; 
Danks, Am. Jour. Path., S, 1932, 711-716; 
Findlay, Proc. Roy. Soc. London, Ser. B, 
102, 1928, 354-379; Goodpasture and A. 
M. Woodruff, Am’. Jour. Path., 6, 1930, 
690-712; Goodpasture and C. E. Wood¬ 
ruff, ibid,, 7, 1931, 1-8; Irons, Am. Jour. 
Hyg., 20, 1934, 329-351; Kligler and Ash- 
ner, Proc. Soc. Exp. Biol, and Med., 28, 
1931, 463-465; Kligler et al.. Jour. Exp. 
Med., Jfi, 1929, 649-660; Ledingham, 
Lancet, 221, 1931 {2), 525-526; Ludford 
and Findlay, Brit. Jour. Elcp. Path., 7 
1926, 256-264; Matheson et al, Poultry 
Science, 10, 1931, 211-223; Megrail, Am. 
Jour. Hyg., 9, 1929, 462-465; Nelson, 
Jour. Exp. Med., 7^ 1941, 203-212; A. M. 
Woodruff, and Goodpasture, Am. Jour. 
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Path., 7, 1931, 209-222; C. E. Woodruff, 
ibid.j 6, 1930, 169-174; C. E. Woodruff, 
and Goodpasture, ibid.y 5, 1929, 1-10; 
6, 1930, 713-720. 

2. Borreliota variolae (LipschOtz) 
Goodpasture. (Sirongyloplasma variolae 
Lipschtltz, in Kolle, Kraus and Uhlen- 
huth, Handbuch der pathogenen Mikro- 
organismen, 3 AufL, 8, 1930, 317; Good' 
pasture, Science, 77, 1933, 121*.) From 
New Latin variola, smallpox. 

Common names: Variola virus, small¬ 
pox virus. Most studies of this virus 
have been concerned with the vaccinia 
strain; see Strains below. 

Hosts: Man, cow and rabbit are sus¬ 
ceptible to strains that appear especially 
adapted to them (see Strains below). 
Experimentally, also chicken (and chick 
embryo); Chrysemys marginata, turtle; 
guinea pig, horse, pig; Macaca mulaiia 
(Zimmermann), rhesus monkey, M, irus, 
cynomolgus monkey; orang-outang; Afa- 
cacus fuscaius. 

Geographical distribution: Nearly 
world-wide, except where excluded by 
isolation or protecti\e vaccination. 

Induced disease: In man, mild to 
severe smallpox, sometimes with jxicks 
few and discrete but often with pocks 
numerous and coalescing; onset sudden, 
6 to 22 days (average 12) after infection; 
headache, vomiting, fever, often rashes 
on body before appearance of the specific 
eruption, bright red spots becoming vesic¬ 
ular and eventually pustular; the pocks 
are commonest on face, forearms, wrists, 
palms of hands, and soles of feet; pustules 
gradually become flattened scabs and 
drop off, leaving no scar if superficial and 
not secondarily infected; in hemorrhagic 
smallpox there are numerous hemorrhages 
into the skin and mortality is high, death 
often preceding formation of pustules; 
severity of disease and mortality roughly 
proportional to the amount of eruption 
on the face. 

Transmission: By contact with in¬ 
fected individuals or contaminated ar¬ 
ticles; perhaps by droplet infection. 


obvious primary lesions characterizing 
experimental transmission by scarification 
but not natural spread. 

Serological relationships: Hyperim¬ 
mune calf serum neutralizes virus. Neu¬ 
tralization depends on an antibody not 
involved in agglutination and precipita¬ 
tion*. Antivaccinial • serum gives com¬ 
plement fixation in the presence of variola 
virus. One agglutinogen (L) labile at 
56® C, one (S) stable at 95® C; both are 
parts of a single protein but can be de¬ 
graded independently; chymotrypsin de¬ 
stroys activity of S, not L. Increasing 
neutralization in immune serum and virus 
mixtures in vitro with progressive incuba¬ 
tion; partial reactivation on simple dilu¬ 
tion. Antivaccinial sera agglutinate Pas- 
chen bodies of vaccinia but not Borrel 
bodies of fowl pox; anti-fowl-pox sera ag¬ 
glutinate Borrel but not Paschen bodies. 
No cross reactions with herpes virus. 

Immunological relationships: In vac¬ 
cinia-immune swine, protective sub¬ 
stances pass via colostrum, conveying 
passive immunity to young for 2 to 3 
months after birth. In man, immunity 
against variola virus is conferred by ear¬ 
lier infection with vaccinia strain. In 
hen, previous infection with fowl-pox 
virus does not immunize with respect to 
vaccinia virus. 

Thermal inactivation: At 55® C in 20 
minutes. 

Filterability: Passes Berkefeld V, not 
Mandler, filter. 

Other properties: Density about 1.16. 
Sedimentation constant 5000 X 10~i® 
(corrected to water at 20® C). Retains 
activity in glycerine best at pH 7.0. 
0.1 per cent gelatin delays spontaneous in¬ 
activation at 5 to 10® C. Withstands 
absolute alcohol, ether, acetone, and 
petroleum ether 1 hour in dry samples at 
4® C without decrease in activity. Inac¬ 
tivated without disruption by sonic vi¬ 
brations of about 8900 cycles per second. 
Diameter estimated as 125 to 175 milli¬ 
microns by filtration; 236 to 252 milli¬ 
microns by ultracentrifugation. Elec¬ 
tron micrographs show limiting surface 
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membrane, dense granules (usually 5) 
within; tendency to rectangular outlines 
with rounded corners. At least 5.6 per 
cent of virus is reported to be thymo> 
nucleic acid. Contains nitrogen, 15.3 per 
cent; carbon, 33.7 per cent; phosphorus, 
0.57 per cent; phospholipid (lecithin), 
2.2 per cent; neutral fat, 2.2 per cent; 
reducing sugars after hydrolysis, 2.8 per 
cent; cystine, 1.9 per cent; copper, 0.05 
per cent. 

Strains: Besides the typical variola 
strain, var. hominis Goodpasture (Sci¬ 
ence, 77, 1933, 121), several distinctive 
strains have been studied. A spontane¬ 
ous cowpox strain differs in some antigens 
but affords cross immunity with respect 
to var. hovia Goodpasture (loc, cif., 121), 
vaccinia virus, which in turn immunizes 
against typical variola virus. A spon¬ 
taneous rabbit-pox strain, serologically 
resembling neurovaccine virus, is be¬ 
lieved to exist independently in Europe 
and the United States. The varieties 
equi (horse-pox virus), porci (swine 
strain), and ovium (sheep and goat pox 
virus) have been attributed to this 
species by Goodpasture (loc, ciL, 121). 
The alastrim strain (causing variola 
minor) differs from the type in producing 
a relatively mild disease in man and in 
inducing the formation of a distinctive 
type of intracellular inclusion in affected 
tissues. 

Literature: Amies, Jour. Path, and 
Bact., 47, 1938, 205-222; Andervont, Am. 
Jour. Hyg., 7,1927, 804-810; Behrens and 
Ferguson, Jour. Inf. Dis., 66^ 1935, 84-88; 
Behrens and Nielson, ihid,^ 66, 1935, 
41-48; Buddingh, Am. Jour. Hyg., 58, 
1943, 310-322; Craigie and Wishart, Brit. 
Jour. Exp. Path., iJ, 1934, 390-398; Jour. 
Exp. Med., 54> 1936, 819-830; Dearing, 
Am. Jour. Hyg., 20, 1934, 432-443; Doug¬ 
las et al.. Jour, jpath. and Bact., S2, 1929, 
99-120; Downie, Brit. Jour. Exp. Path., 
20, 1939, 158-176; Eagles, ibid,, 16, 1935, 
181-188; Elford and Andrewes, Brit. 
Jour. Exp. Path., IS, 1932, 36-42; Good- 
pasture, Woodruff, and Buddini^, Am. 
Jour. Path., 8,1932,271-282; Green et a!., 
Jour. Exp. Med., 76, 1042, 651-656; 


Greene, ibid,, 61, 1935,807-831; Herzberg, 
Ztschr. Immunitfttsforsch. u. exper. 
Therap., 86, 1935, 417-441; Hoagland et 
al.. Jour. Exp. Med., 71, 1940,737-750; 72, 
1940, 139-147; 74, 1941, 69-80, 133-144; 
75, 1942, 163-173; Hu et al.. Jour. Exp. 
Med., 6S, 1936, 353-378; Keogh, Jour. 
Path, and Bact., 45, 1936, 441-454; 
Ledingham, Brit. Jour. Exp. Path., 6, 
1924, 332-349; Jour. Path, and Bact., 
55,1932,. 140-142; Macfarlane and Dolby, 
Brit. Jour. Exp. Path., 21, 1940, 219-227; 
Macfarlane and Salaman, ibid,, 19, 1938, 
184-191; McFarlane et al., ibid,, 20, 
1939, 48^501; Moriyama, Arch. f. Virus- 
forsch., 1, 1940, 422-429; Nelson, Jour. 
Exp. Med., 60, 1934, 287-291; 78, 1943, 
231-239; Nye and Parker, Am. Jour. 
Path., 5, 1929, 147-155; Parker, Jour. 
Exp. Med., 57, 1938, 361-367, 725-738; 
Parker and Muckenfuss, Jour. Infect. 
Dis., 55, 1933, 44-54; Parker and Rivers, 
Jour. Exp. Med., 62, 1935, 65-72 ; 54, 

1936, 439-452; 66, 1937, 243-249; Paschen, 
Deutsch. med. Wchschr., 55, 1913, 2132- 
2136; Pearce et al.. Jour. Exp. Med., 
6S, 1936, 241-258, 491-507; Jour. Path, 
and Bact., 43, 1936, 299-312; Pickels and 
Smadel, Jour. Exp. Med., 68, 1938, 583- 
606; Rhodes and van Rooyen, Jour. Path, 
and Bact., 44^ 1937, 357-363; Rivers and 
Ward, Jour. Exp. Med., 58,1933,635-648; 
62, 1935, 549-5^; Rivers et al., ibid., 66, 

1937, 677-685 ; 69, 1939, 857-866; Rosahn 
et al., Jour. Exp. Med., 55,1936,259-276, 
379-396; Rosenau and Andervont, Am. 
Jour. Hyg., 13, 1931, 728-740; Salaman, 
Brit. Jour. Exp. Path., 18, 1937, 245-258; 
Shedlovsky and Smadel, Jour. Exp. Med., 
75, 1942, 165-178; Smadel and Rivers, 
ibid., 76, 1942, 151-164; Smadel et al., 
ibid., 68, 1938, 607-627 ; 71, 1940, 373-389; 
77, 1943, 165-171; Smith, Jour. Path, and 
Bact., 55, 1930, 273-282; Sprunt, Proc. 
Soc. Exp. Biol, and Med., 61, 1942, 226- 
227; Jour. Exp. Med., 76, 1942, 297-304; 
Stritar and Hudson, Am. Jour. Path., 12, 
1936, 165-174; Ward, Jour. Exp. Med., 
60, 1929, 31-40. 

3. BorrelioU suis apec, nov. From 
Latin aua, swine. 

Common name: Swine-pox virus (not 
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the vaccinia strain of variola virus in 
swine). 

Host: S UI DAE—Siis scrofa L., domes¬ 
tic swine. 

Insusceptible species: Rabbit. 

Geographical distribution: United 
States (Iowa). 

Induced disease: In swine, locally, red¬ 
dened hyperemic papules 3 to 7 mm in 
diameter; papules become briefly vesicu¬ 
lar, then change gradually to true pus¬ 
tules, finally forming dark brown to 
blackish scabs which are shed after a few 
weeks without scarring; no secondary 
lesions in hogs free from lice, but in in¬ 
fested animals numerous secondary le¬ 
sions appear 1 to 2 weeks after primary 
lesions and are commonly most numerous 
in the inguinal and axillary regions. 
Mortality negligible but growth retarded. 


Virus has been recovered from hog louse 
after feeding on affected swine. 

Transmission; By hog louse, Haemato- 
pinu8 auis {HAEMATOPINIDAE)^ 
probably mechanically. By experi¬ 
mental scarification of skin. 

^Serological relationships: No reaction 
with neutralizing sera specific for vac¬ 
cinia virus. 

Immunological relationships: Specific 
immunity in swine after attack, but no 
cross immunity with respect to vaccinia 
virus. 

Filterability: Passes Berkefeld V and 
N filters. 

Literature: Csontos and von Nyiredy, 
Deutsch. tierarztl. Wchnschr., 1933, 
529-532; Schwarte and Biester, Am. Jour. 
Vet. Res., 2^ 1941, 136-140; Shope, Arch, 
f. Virusforsch., i, 1940, 457-467. 


Genus II. Briareus gen. nov. 

Viruses of the Varicella Gix)up, causing diseases characterized by reddened spots 
and rings in affected tissues, becoming papular or vesicular. Generic name from Latin 
Briareusf name of a hundred-armed giant. 

The type species is Briareus varicellas spec. nov. 


Key to the species of genus Briareus. 
I. Causing chicken pox and herpes zoster in man. 


II. Causing measles in man. 

1. Briareus varicellae spec. not;. From 
New Latin varicella^ chicken pox. 

Common names: Varicella virus, chic¬ 
ken-pox virus; much evidence for iden¬ 
tity with so-called herpes-zoster virus 
has been presented. 

Host: HOMINIDAE—Homo sapiens 
L., man. 

Insusceptible species: Chick embryo. 

Geographical distribution: World-wide. 

Induced disease: In man, usually 
abrupt onset, rash at first macular, soon 
popular and vesicular; vesicles generally 
discrete, soon rupturing, healing with 
scab formation and itching; separation of 
deeper scabs may leave persistent scars; 
in severe cases there may be stomatitis, 
laryngitis, and nas«-l lesions. In human 
skin grafted on chorioallantois of chick 


1. Briareus varicellae. 

2. Briareus morhillorum. 

embryo, experimentally, pustular lesions 
as in natural disease, with intranuclear 
acidophilic inclusions; no gross vesicula- 
tion. 

Transmission: By contact. By spread 
of droplets. Children in contact with 
herpes zoster patients sometimes con¬ 
tract varicella. 

Serological relationships: Majority of 
herpes zoster sera that agglutinate zoster 
antigen also agglutinate elementary 
bodies of varicella; complement fixation 
tests also indicate relationship of virus 
from herpes zoster and varicella. Chic¬ 
ken-pox sera do not flocculate smallpox 
brain-virus antigen. 

Immunological relationships: Children 
previously having varicella are immune 
to inoculation with herpes zoster virus. 
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Literature: Amies, Brit. Jour. Exp. 
Path., 16, 1934,314-320; Brain, ibid., 14, 
1933, 67-73; Bruusgaard, Brit. Jour. 
Derm. Syph., 44, 1932,1-24; Goodpasture 
and Anderson, Am. Jour. Path., fO, 1944, 
447-463; Havens and Mayfield, Jour. 
Inf. Dis., 60, 1932, 242-248; Irons et al.. 
Am. Jour. Hyg., SS, (B), 1941, 50-55; 
Kundratitz, Monatsschr. Kinderhcilk., 
i9, 1925,516-623; Lipschtitz and Kundra¬ 
titz, Wien. klin. Woch., S8, 1925, 499-503. 

2. Briareus morblllonim spec. nov. 
From New Latin morbilli, measles. 

Common name: Measles virus. 

Host: HOMINIDAE—Homo sapiens 
L., man. Experimentally, also CERCO- 
PITHECIDAE—Macaca mvlatta (Zim- 
mermann), rhesus monkey. PH ASI¬ 
AN IDAE—Gallus gallus (L.), chick 
embryo (no lesions, but 30 serial pas¬ 
sages). 

Geographical distribution: World wide 
except in isolated communities. 

Induced disease: In man, after incuba¬ 
tion period of 7 to 21 days, bright red spots 
on buccal mucosa, especially near first 
molar tooth (Koplik’s spots) followed by 
rash on face, head, neck, then arms. 


trunk, and legs; papules often crescents, 
lesions usually discrete; rash fades, leav¬ 
ing brownish discoloration and desqua¬ 
mation. 

Transmission: By contact. By drop¬ 
lets. 

Serological relationships: Convalescent 
serum is reported to modify the course of 
the induced disease if administered in¬ 
travenously in the preemptive stage. 

Immunological relationships: Specific 
immunity in man after attack. 

Thermal inactivation: At 55® C in 15 
minutes. 

Filterability: Passes Berkefeld N filter 
candle and Seitz EK disks. 

Other properties; Viable at —35® C 
for at least 4 weeks. Not inactivated by 
10 per cent anesthetic ether in 40 minutes. 

Literature: Blake and Trask, Jour. 
Exp. Med., 35, 1921, 385-412; Gordon and 
Knighton, Am. Jour. Path., 17, 1941, 
165-176; Hedrich, Am. Jour. Hyg., 17, 
1933,613-036; Kohn et al., Jour. Am. Med. 
Assoc., Ill, 1938, 2361-2364; Rake and 
Shaffer, Jour. Immunol., 58, 1940,177-200; 
Rake et al.. Jour Inf. Dis., 69, 1941,65-69; 
Scott and Simon, Am. Jour. Hyg., 6, 1925, 
109-126. 


Genus III. Scelus gen. nov. 

Viruses of the Herpes Group, inducing diseases characterized in general by vesicular 
primary lesions, sometimes with subsequent involvement of the nervous system. 
Generic name from Latin scelus, rascal. 

The type species is Scelus recurrens spec. nov. 


Key to the species of genus Scelus. 


I. In man, cause of so-called fever blisters, herpes febrilis. 

1. Scelus recurrens. 

II. In swine, cause of pseudorabies. 

2. Scelus suillum. 


III. 


IV. 


V. 


In monkey. 


3. Scelus beta. 

In rabbit, course of the induced disease in nature unknown. 

4. Scelus ter Hum. 

In sheep, cause of ovine balano-posthitis. 

5. Scelus ulceris. 


VI. In mice, cause of ectromelia. 

6. Scelus marmorans. 
VII. In cattle, cause of erosive stomatitis. 

7. Sedui bovinum., 
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1. Scelus recurrena 9pec, nov. From 
Latin recurrere^ to recur. Note: The 
name Neurocystia herpetii Levaditi and 
Schoen (Compt. rend. Soc. Biol., Paris, 
96, 1927,961) was applied provisionally to 
the causative microorganism of herpes, 
in the expectation that future research 
would show inclusion bodies in affected 
' tissues to be stages in its life cycle. 

Common names: Herpes virus, virus of 
herpes simplex, virus of herpes febrilis 
(not herpes zoster virus, for which see 
varicella virus), virus of keratitis dendri- 
tica, virus of aphthous stomatitis .(of 
man). 

Host: HOMINIDAE—Homo sapiens 
L., man. Experimentally, also rabbit, 
guinea pig, white mouse, cat, goose, hedge¬ 
hog, and, though difficult to infect, dog 
and pigeon. Chick embryo (but not 
chicken). Also CERCOPITHECIDAE 
—Cercocebus fuliginosus E. Geoffrey, 
Macacua cynomolgus CKBIDAE—(Je¬ 
hus olivaceus. 

Insusceptible species. White rat; Bufo 
viridia; Cercopithecus callithrix; chicken 
(except embryo). 

Geographical distribution: Probably 
world-wide. 

Induced disease: In man, usually 
acquired in first three years of life, some¬ 
times as aphthous stomatitis; virus prob¬ 
ably retained often through life, some¬ 
times with periodic reappearance of der¬ 
mal lesions, which are vesicular and heal 
soon. In white mouse, by experimental 
inoculation of skin, small inflamed vesicu¬ 
lar primary lesions about 5 days after in¬ 
oculation, usually forming scabs and 
healing a few days later, but sometimes 
persisting; if on tail, followed by swelling 
and paralysis of tail, ascending paralysis 
and death, or by recovery with acquired 
immunity; if near head, followed by en¬ 
cephalitis and death; intraperitoneal and 
sometimes other inoculations immunize; 
relapse with recurrence of primary lesions 
rare. In chick embryo, white, opaque, 
circular or ring-like primary lesions of 
small size on chorioallantoic membrane, 
with or without necrotic secondary 
lesions in liver, heart, lungs, spleen, and 


kidneys; virus enters membrane 1 to 4 
hours after it is dropped on its surface; 
primary lesions may be counted in 48 
hours. 

Transmission: By contacts. Experi¬ 
mentally, by skin scarification; in guinea 
pig, by feeding. 

Serological relationships: Distant rela¬ 
tionship to pseudorabies virus, Sedua 
auillum, shown by moderate protection 
against this virus conferred by some anti¬ 
herpes sera. No relationship to vaccinia 
virus or to virus III of rabbits demon¬ 
strable by neutralization tests. Specific 
complement fixation. Neutralizing anti¬ 
body forms reversible union with virus, 
at least for a time, though with strong 
mixtures partial irreversibility finally 
occurs. 

Immunological relationships: Formal- 
ini zed virus and noa-lethal strains of 
virus immunize specifically. No cross 
immunity with vaccinia virus. 

Thermal inactivation: At 50 to 52® C in 
30 minutes, when moist; at 90 to 100® C 
in 30 minutes, when dry. At 41.5® C in 
50 to 80 hours. 

Filterability: Passes Berkefeld V filter 
with slight loss. 

Other properties: Diameter, by centrif¬ 
ugation, computed as 180 to 220 milli¬ 
microns ; by filtration, 100 to 150 
millimicrons. Specific gravity, 1.15. In¬ 
activated by repeated freezing and thaw¬ 
ing ; also by pressure of 3000 atmospheres 
for 30 minutes. Viable dry at least 
18months at 4® C, in 50 per cent glycerine 
at least 6 months. Not inactivated at 4® 
C in 1 per cent aqueous gentian violet. 
Charged negatively in solutions of hy¬ 
drogen-ion concentration up to about pH 
8. Isoelectric point, pH 7.2 to 7.6. In¬ 
activated by incubation in vitro at pH 6 
with synthetic vitamin C (ascorbic acid). 

Literature: Anderson, Science, 90, 
1939, 497; Am. Jour. Path., 16, 1940,137- 
156; Andervont, Jour. Inf. Dis., 44,1929, 
383-393 ; 45, 1929, 366-385 ; 49, 1931, 507- 
529; Andrewes, Jour. Path, and Baet., 
SS, 1930, 301-312; Bassett et al., Compt. 
rend. Acad. Sci., Fhris, 900, 19^, 1882- 
1884; Bechhold and ScUesinger, Ztsehr. 
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f. Hyg., 115, 1933, 342-363; Bedson, Brit. 
Jour. Exp. Path., 18, 1931, 254-260; 
Bedson and Bland, ibid,, 9, 1928,174-178; 
Blanc and Caminoi>etros, Compt. rend. 
Soc. Biol., Paris, 84, 1921, 859-860; Boak 
et al., Jour. Exp. Med., 71, 1940,169-173; 
Brain, Brit. Jour. Exp. Path., 13, 1932, 
166-171; Buggs and Green, Jour. Inf. Dis., 
58, 1936, 98-104; Burnet and Lush, Jour. 
Path, and Bact., 48, 1939, 275-286 ; 48, 
1939, 241-259; Lancet, 836, 1939 (/), 
629-631; Burnet et al.. Austral. Jour. 
Exp. Biol, and Med. Sci., 17, 1939, 35-40; 
Dawson, Am. Jour. Path., 9, 1933, 1-6; 
Elford et al.. Jour. Path, and Bact., 36, 
1933, 49-54; Findlay and Mac Call urn, 
Lancet, 838 ,1940 (1), 259-261; Fischl and 
Schaefer, Klin. Wochnschr., 8, 1929, 
2139-2143; Flexner, ,Jour. Gen. Physiol., 
8, 1927, 713-726; Jour. Exp. Med., 47, 
1928, 9-36; Friedenwald, Arch. Ophthal¬ 
mol., 68, 1923, 105-131; Goodpasture, 
Medicine, 8, 1929, 223-243; Goodpasture 
and Teague, Jour. Med. Res., 44, 1923, 
121-138; Gunderson, Arch. Opthalmol., 
15, 1936, 225-249; Holden, Jour. Inf. Dis., 
60, 1932, 218-236; Keddie and Epstein, 
Jour. Am. Med. Assoc., 117, 1941, 1327- 
1330; Levaditi and Lepine, Compt. rend. 
Acad. Sci., Paris, 189, 1929, 66-68; Leva¬ 
diti and Nicolau, Compt. rend. Soc. Biol., 
Paris, 90, 1924, 1372-1375; Long, Jour. 
Clin. Investigation, 18, 1933, 1119-1125; 
Magrassi, Boll. 1st. Sieroterap. Milanese, 
14, 1935, 773-790; McKinley, Proc. Soc. 
Exp. Biol, and Med., 86, 1928, 21-22; 
Naegeli and Zurukzoglu, Cent. f. Bakt. 
I Abt., Orig., 136, 1935, 297-299; Nicolau 
and Kopciowska, Ann. Inst. Pasteur, 60, 
1938,401-431; Parker and Nye, Am. Jour. 
Path., 1, 1925, 337-340; Perdrau, Proc. 
Roy. Soc. London, Ser. B, 109, 1931, 304- 
308; Jour. Path, and Bact., 47, 1938, 447- 
455; Remlinger and Bailly, Comp. rend. 
Soc. Biol., Paris, 94, 1926, 734-736; 1064- 
1066 ; 96, 1926, 1642-1545 ; 96, 1927, 404- 
406; ,1126-1128; 97, 1927, 109-111; Sabin, 
Brit. Jour. Exp. Path., 16, 1934, 372-380; 
Schultz and Hoyt, Jour. Immunol., 16, 
1928, 411-419; Shaffer and Enders, ibid., 
37, 1939, 383^11; Simon, International 


Clinics, Series 37, 3, 1927,123-128; Smith 
et al., Am. Jour. Path., 17, 1941, 55-68; 
Warren et al., Jour. Exp. Med., 71, 1940, 
155-168; Weyer, Proc. Soc. Exp. Biol, 
and Med., 30, 1932, 309-313; Zinsser, 
Jour. Exp. Med., 48, 1929, 661-670; 
Zinsser and Seas tone. Jour. Immunol., 
18, 1930, 1-9; Zurukzoglu and Hruszek, 
Cent. f. Bakt. I Abt., Orig., 188, 1933, 
1 - 12 . 

2. Scelus suillum spec. hov. From 
Latin suillus, pertaining to swine. 

Qommon names: Pseudorabies virus, 
mad-itch virus. 

Hosts: Domestic cattle, swine, dog, cat, 
horse, sheep. Experimentally, also rab¬ 
bit, guinea pig, vrhite rat, white mouse, 
gray field mouse, duck, chicken, chick 
embryo; Macaca mulaita (Zimmermann), 
rhesus monkey. 

Geographical distribution: France, 
Germany, Hungary, Holland, Denmark, 
Switzerland, Siberia, Brazil, United 
States. 

Induced disease: In cattle, licking of 
affected area, usually somewhere on hind¬ 
quarters, sudden decrease in milk pro¬ 
duction in dairy animals, violent rubbing, 
biting, and gnawing of lesion; swelling 
and discoloration of affected parts with 
oozing of serosanguineous fluid; grinding 
of teeth and excessive salivation in some 
individuals; death, preceded by clonic 
convulsions, violent tossing of head, and 
shallow respiration, usually 36 to 48 hours 
after onset. In pig, mild but highly con¬ 
tagious disease; slight nerve-cell degen¬ 
eration, predominance of vascular and 
interstitial lesions. 

Transmission: By contact in swine, not 
in cattle. By feeding in cats, brown rats, 
and swine. 

Serological relationships: Cross neu¬ 
tralization between constituent strains. 
Anti-herpes sera protect in some cases 
against small, but constantly infective, 
doses of pseudorabies virus. 

Literature: Aujeszky, Cent. f. Bakt. 
I Abt., Orig., 38, 1902, 353-357; F. B. 
Bang, Jour. Exp. Med., 70, 1942, 263-270; 
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O. Bangi Acta path, et microbiol. Scand., 
Suppl., 11, 1932,180-182; Carini and Ma- 
ciel, Bull. Soc. Path, exot., 6, 1912, 576- 
578; 'F0lger, Acta path, et microbiol. 
Scand., Suppl., 11, 1932,182-187; Glover, 
Brit. Jour. Exp. Path., 20, 1939,150-158; 
Gowen and Schott, Am. Jour. Hyg., 18, 
1933, 674-687; Hurst, Jour. Exp. Med., 
68, 1933; 415-433; 69, 1934, 729-749 ; 6S, 
1936, 449-463; Koves and Hirt, Arch, 
wissensch. u. prakt. Tierheilk., 68, 1934, 
1-23; Morrill and Graham, Am. Jour. Vet. 
Res., 2, 1941, 35-40; Brit. Jour. Exp. 
Path., 16, 1934, 372-380; Shope, Proc. 
Soc. Exp. Biol, and Med., SO, 1932, 308- 
309; Jour. Exp. Med., 64, 1931, 233-248; 
67, 1933, 925-931; 62, 1935, 85-^9,101-117, 
Traub, ibid., 68, 1933, 663r^l; 61, 1935, 
833-838. 

3. Scelus beta spec, nov. From beta, 
second letter of Greek alphabet, in ref¬ 
erence to common name. 

Common name * B virus. 

Hosts: HOMINIDJ E-^Homo sapiens 
L.,man. CERCOPITHEClDAE--Ma- 
caca mulatta (Zimmermana), rhesus 
monkey. Experimentally, also LEPOR- 
I DAE—Oryciolagus cumculus (L.), rab¬ 
bit. CAVIIDAE—CaviaporceUus fL.), 
guinea pig. 

Geographical distribution: United 
States (from captive monkeys and man). 

Induced disease: In man, local and rela¬ 
tively insignificant lesion on bitten part, 
later flaccid paralysis of legs, urinary 
retention, ascending paralysis, and death 
by respiratory failure. In Macaca mu- 
latta, experimentally by intracutaneous 
injection, hemorrhagic or vesiculo-pustu- 
lar lesions without later involvement of 
central nervous system but with subse¬ 
quent acquired immunity. Acidophilic 
intranuclear inclusions in lesions. 

Transmission: To man, by bite of mon¬ 
key. To monkey, experimentally, by 
injection. 

Literature: Burnet etal.. Austral. Jour. 
Exp. Biol, and Med. Sci., 17, 1939, 35^40, 
41-il; Sabin, Brit. Jour. Exp. Path., 16, 
1934,245-268,268-279,321-334; Sabin and 


Hurst, tbtd., 16, 1935,133-148; Sabin and 
Wright, Jour. Exp. Med., 69, 1934, 115- 
136. 

4. Scelus tertium spec. nov. From 
Latin tertius, third. 

• Conunon name: Virus III of rabbits. 

Host: LE PORI DAE—Oryciolagus cu- 
niculus (L.), domestic rabbit. 

Insusceptible species: No obvious dis¬ 
ease in inoculated guinea pig, white 
mouse, monkey {Macaca mulatta Zim- 
mermann), rat, or man; hence the as¬ 
sumption that these are naturally im¬ 
mune, but they may be merely tolerant or 
klendusic. 

Geographical distribution: United 
States (apparently spontaneous in some 
individuals of the laboratory rabbit). 

Induced disease: In domestic rabbit, 
experimentally, after incubation period 
of 4 to 6 days, failure to eat, loss of weight, 
occasionally diarrhea and temperatures 
of 104 to 107® F; small, superficial, red 
spots and papules on skin at site of inocu¬ 
lation; local infiltration of tissues with 
endothelial leucocytes, swelling of in¬ 
volved epithelial cells; nuclear inclusions 
present in endothelial leucocytes and 
some other cells; disease not fatal; virus 
in circulating blood only during early 
stages; recovery in a few days without 
scar formation but with development of 
specific immunity. The course of the 
natural disease, presumed to occur in 
rabbits, is still unknown. 

Transmission: Experimentally, by in¬ 
jection of filtrates from diseased tissues; 
on several occasions also from blood or 
tissues of apparently normal rabbits. 

Serological relationships: Specific neu¬ 
tralizing substances occur in the serum 
of recovered rabbits. 

Imniunological relationships: Specific 
immunity but no cross reactions with 
vaccinia or herpes viruses. 

Thermal inactivation: In 10 minutes at 
55® C, but not in 30 minutes at 45® C. 

Filterability: Passes Berkefeld V and 
N filters; passes Ls filter candle. 

Other properties: Viable at least 6 
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weeks in 50 per cent glycerine and 16 
months dried when frozen, and stored 
on ice. 

Literature: Andrewes, Brit. Jour. Exp. 
Path., 10, 1929, 188-190, 273-280; Jour. 
Path, and Bact., SS, 1930, 301-312; SO, 
1940, 227-234; Rivers and Stewart, Jour. 
Exp. Med., 4Sf 1928, 603-613; Rivers and 
Tillett, ibid,, SO, 1924, 777-802 ; 40, 1924, 
281-287; Topaoio and Hyde, Am. Jour. 
Hyg., IS, 1932, 99-124. 

5. Scelus ulceris spec. nov. From 
Latin ulcus, sore spot. 

Common name: Ovine balano-posthitis 
vims. 

Host: BOV I DAE—Ovis aries L., 
sheep. 

Geographical- distribution: United 
States, Australia. 

Induced disease: In sheep, ulceration 
with scab production: lesions most severe 
on prepuce and vulva; in the male, the 
penis may be involved, usually only with 
mild indammation, but if accompanied by 
paraphimosis there may be extensive ul¬ 
ceration and heavy scab formation. 

Transmission: Venereally. Experi¬ 
mentally, by inoculation of prepuce. 

Filterability: Passes Berkefeld N and 
W filters, a 7 lb Mandler candle, and a 3i 
per cent collodion membrane. 

Literature: Tunnicliff and Matisheck, 
Science, 94, 1941, 283-284. 

6. Scelus marmorans spec, nov. From 
I.iatin marmorare, to marble, in reference 
to mottling of spleen and liver in host. 

Common name : Ectromelia virus. 

Hosts: MURIDAE—Miis musculvs 
L., white mouse. Esperimentally, also 
MURIDAE—Raiius norvegicus (Ber- 
kenhout), rat (infection inapparent). 
Also, PHASIANIDAE—Gallus gallus 
(L.), chick embryo (12-day-old White 
Leghorn chick embryo at 36 to 37° C; 
less satisfactory results at higher tem^ 
peratures of incubation or in embryos in 
spring eggs). Derived strains of this 
virus infect rabbit and guinea pig, not 
susceptible to original virus from mouse. 

Geographical distribution: England. 


Induced disease: In white mouse, 
spleen mottled, liver edges translucent, 
peritoneal fluid increased in amount; loss 
of weight; later, cutaneous lesions on 
foot or elsewhere; affected foot swells, 
becomes moist, scabbed, then recovers or 
dries up and separates from the skin at 
limit of original swelling; in acute dis¬ 
ease, death without gross lesions, or, at 
autop^, gut dark red, liver dirty gray, 
soft, bloodless, sometimes mottled, spleen 
necrotic; inclusion bodies most numerous 
in lesions of the skin, round or oval, 4 to 
13 microns long, without internal differ¬ 
entiation; very young mice probably be¬ 
come infected without developing ap¬ 
parent disease and remain carriers for 
some time. In rat, inapparent infection; 
after initial increase of virus, circulating 
antibodies appear and immunity to rein¬ 
fection is established. 

Transmission: In mouse, by contact. 
In rat, expcrimentnlly, by intranasal 
inoculation. 

Serological relationships: Neutralizing 
antibodies occur in convalescent mouse 
serum. Immune sera from the guinea 
pig specifically agglutinate elementary 
bodies obtained from infected skin of the 
white mouse. 

Immunological relationships: Recov¬ 
ered mice are solidly immune to many 
lethal doses. 

Thermal inactivation: At 55° C in 30, 
not in 10, minutes. 

Filterability : In broth, passes Mandler, 
Pasteur-Chamberland L 2 , and Berkefeld 
N filters. 

Other properties: Survives drying 0 
months, freezing (—10° C) 2 months, 50 
per cent glycerine 5 months at least. 
Resists 1 per cent phenol 20, not 40, days. 
Size, estimated by filtration, 100 to 150 
millimicrons; by ultraviolet-light photog¬ 
raphy, 130 to 140 millimicrons. 

Literature: Barnard and Elford, Proc. 
Roy. Soc. London, 8er. B, 109, 1931, 360- 
380; Baumgartner, Cent. f. Bakt., I Abt., 
Ortg.^ ISS, 1935,282-289; Burnet and Lush, 
Jour.* Path, and Bact., 4S, 1936, 469-476; 
4S, 1936, 105-120; Jahn, Arch. f. Virus- 
forsch., 1, 1039, 91-103; Kikuth and 
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Gonnert, Arch. f. Virueforsch., 1, 1940, 
295-312; Marchal, Jour. Path, and Bact., 
55,1930,713-728; McGaughey and White- 
head, ibid., S7, 1933, 263-266; Paschen, 
Cent. f. Bakt., I Abt., Grig., 1S5, 1936, 
446-452. 

7. Scelus bovinum spec. nov. From 
Latin bovinus, of ox, bull, or cow. 

Common name: Erosive-stomatitis 
virus. 

Host: BOV I DAE—Bos taurus L., 
domestic cattle. Experimentally, also 
chorioallantoic membrane of developing 
hen’s egg. 

Insusceptible species. CAVIIDAE— 
Cavia porcellus (L.), guinea pig. (la 
rats, rabbits, mice, sheep, no reaction has 
been noted after inoculation.) 

Geographical dist ribution: South 
Africa (Natal); perhaps Ireland 
(Armagh-disease virus). 

Induced disease * In young domestic 


cattle, lesions on tongue, dental pad, and 
lips pearl-like at first, then breaking down 
to form superficial erosions, with white 
glistening base and red border. Lesions 
may coalesce to form large, ragged, eroded 
areas, healing uneventfully with scar 
^formation. No foot lesions; no excessive 
salivation; no '^hotness” of mouth; no 
systemic disturbances. 

Transmission: Spreads slowly, mainly 
to animals less than three years old, prob¬ 
ably by contact. Experimentally, by 
injection into dental pads, lips, or tongue. 
Filterability: Passes Gradocol membrane 
of about 4(X) millimicron average pore 
diameter. 

Other properties: Viable after at least 
11 days at room temperature, 21 days at 
refrigerator temperature, 6 weeks frozen 
and dried in horse-serum saline. 

Literature: Mason and Neitz, Onder- 
stepoort Jour. Vet. Sci. and Anim. In¬ 
dust., 16, 1940, 159-173. 


Genus IV. Hostis gen. nov. 

Viruses of the Fooi-and-Mouth Disease Group, inducing diseases mainly charac¬ 
terized by vesicular lesions. Generic name from I^atin hostis, enemy or stranger. 
The type species is Hostis pecoris spec. nov. 


Key to the species of genus Hostis. 


I. Infecting cattle and other animals 
resistant. 

II. Infecting horse readily. 

1. Hostis pecoris spec. nov. From 
Latin pecus, cattle. 

Common names: Foot-and-mouth dis¬ 
ease virus; Virus der Maul- und Klaucn- 
seuche. 

Hosts: C)ow, pig, sheep, goat, reindeer, 
bison. Experimentally, also guinea pig, 
rabbit, rat. 

Insusceptible species: Chick embryo 
(chorioallantois); horse (immune or very 
I’esistant). 

Induced disease: In cow, after incuba¬ 
tion period of 2 to 4 days or more, fever, 
vesicular lesions on tongue, lips, gums, 
hard palate and feet, soon rupturing; 
salivation, lameness, generally recovery. 


with cloven hoofs; horse immune or highly 

1. Hostis pecoris. 

2. Hostis equinus. 

Transmission: Spread rapid, source of 
infection often obscure; saliva is infective 
before lesions become obvious. 

Thermal inactivation: At 70® C, not at 
60® C, in 15 minutes. 

Filterability: Passes Seiti, Berkefeld 
V and N, and Chamberland Ln filters. 

Strains: Three strains, A, O and C, are 
immunologically distinct from each other. 

Other properties: Particle calculated 
to be about 20 millimicrons in diameter by 
centrifugation data. 8 to 12 millimicrons 
in diameter by filtration; may be sep¬ 
arated from mixtures with the larger 
equine vesicular stomatitis virus by dif¬ 
ferential filtration. Viable after drying 
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in vacuo^ at least a week at -4 to 0® C. 
Beadily destroyed by 1 to 2 per cent 
sodium hydrate or above pH 11. Soon 
inactivated near pH 6.0, but moderately 
stable at pH 2.0 to 3.0; optimum condition 
for storage at pH 7.6 to 7.7 in absence of 
air; return from 3.0 to 7.5 inactivates, 
however. 

Literature: Elford and Galloway, Brit. 
Jour. Exp. Path., 18, 1937, 155-161; 
Galloway and Elford, ibid,, H, 1933, 400- 
408; 16, 1935, 588-613; 17, 1936, 187-204; 
Galloway and Schlesinger, Jour. Hyg., 
S7, 1937, 463-470; Hare, Jour. Path, and 
Bact., 35, 1932, 291-293; Loeffler and 
Frosch, Cent. f. Bakt., I Abjt., 23, 1898, 
371-391; Matte and Sanz, Bull. Soc. Path. 
Exot., H, 1921, 523-529; Olitsky and 
Boez, Jour. Exp. Med., Jfi, 1927, 673-683 
685-699, 815-831, 833-848; Pyl, Ztschr. f. 
physiol. Chemie, 226, 1934,18-28; Pyl and 
Klenk, Cent. f. Bakt., I Abt., Grig., 
128, 1933,161-171; Schlesinger and Gallo¬ 
way, Jour. Hyg., 37, 1937, 445-462. 

2. Hostis equinus spec. nov. From 
Latin equinus, pertaining to horses. 

Common names: Vesicular-stomatitis 
virus, equine vesicular stomatitis virus. 

Hosts: Horse, domestic cattle. Ex¬ 
perimentally, also guinea pig, Swine, 
white mouse, rabbit (relatively resistant), 
chick embryo; Macaca mulatta (Zimmer- 
mann), rhesus monkey; M, irus, 
cynomolgus monkey. 

Insusceptible species: Chicken (ex- 
iiept embryo). 

Geographical distribution: United 
States (Indiana, New Jersey). 

Induced disease: In horse, resembles 
foot-and-mouth disease of cattle; red¬ 
dened patches on buccal mucosa, mod¬ 
erate fever, salivation, followed by ap¬ 
pearance of vesicles, especially on tongue, 
filled with clear or yellowish fluid; vesi¬ 
cles often coalesce aiid soon rupture 
leaving an eroded surface which heals 
soon in the absence of complications. 


Experimentally, in chorioallantois of de¬ 
veloping chick embryo, primary lesions 
involve moderate ectodermal prolifef*a- 
tion, degeneration, necrosis; mesodermal 
inflammation; slight cndodermal pro¬ 
liferation. 

Serological relationships: Strains iso¬ 
lated in different localities give antisera 
capable of neutralizing heterologous iso¬ 
lates of virus, but homologous antisera 
neutralize in higher dilutions than do 
heterologous antisera. 

Immunological relationships: No cross 
immunity with respect to equine en¬ 
cephalomyelitis virus. 

Filterability: Passes Seitz filter. 

Other properties > May be separated 
from mixt 01*68 with foot-and-mouth dis¬ 
ease virus by propagation on chorioallan¬ 
toic membrane of chick embryo, which 
will not support increase of the latler 
virus. Inactivated by 1:50,0(X) methyl¬ 
ene blue in 2 mm layer 13 cm from 300 
candle-power lamp in 60 minutes but not 
in 20 minutes. Particle estimated on the 
basis of filtration data to be 70 to 100 
millimicrons in diameter; 60 millimicrons 
in diameter by centrifugation. Not de¬ 
stroyed by acidifying to pH 3 and return¬ 
ing to pH 7.5 (difference from foot-and- 
mouth disease virus). 

Literature: Burnet and Galloway, 
Brit. Jour. Exp. Path., 15, 1934, 105-113; 
Cox and Olitsky, Proc. Soc. Exp. Biol, 
and Med., SO, 1933, 653-654; Cox etal., 
ibid., 30, 1933, 896-898; Elford and Gallo¬ 
way, Brit. Jour. Exp. Path., 18, 1937, 
155-161; Galloway and Elford, ibid., H, 
1933, 400-408; 16, 1935, 588-613; Mohler, 
Jour. Am. Vet. Med. Assoc., 52, 1918, 
410-422; Olitsky et al., Jour. Exp. Med., 
59, 1934, 159-171; Pyl, Ztschr. f. physiol. 
(Jhemie, 226, 1934, 18-28; Sabin and 
Olitsky, ibid., 66, 1937, 15-34, 35-57 ; 67, 
1938, 201-228, 229-249; Syverton et al., 
Science, 78, 1933, 216-217. 
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Oenus V. Molltor gen, nov. 

Viruses of the Wart-Disease Group, inducing diseases mainly characterized by tissue 
proliferation without vesicle or pustule formation. Generic name from Latin molitor^ 
contriver. 

The type species is Molitor verrucae spec, nov. 

Key io the species of genus Molitor. 


1. Affecting man. 


II. Affecting cow. 

III. Affecting dog. 

IV. Affecting chicken, 
y. Affecting rabbit. 


1. Molitor verrucae spec, nov. From 
Latin verruca^ wart. 

Common name : Common-wart virus. 

Hosts \HOMINIDAE—Homo sapiens 
L.,man. Perhaps also 50F//>A —Bos 
taurus L., cow. CANIDAE—Canis 
familiaris L., dog. 

Induced disease: Experimentally in 
man, incubation period long, 4 weeks to 
6 or more months; initially acanthosis 
(overgrowth of prickle cell layer of epi¬ 
dermis) and flattening of the papillae; 
later, interpapillary hypertrophy, in¬ 
flammation, and marked hyperkeratosis. 

Transmission: By contact; in some 
cases, venereally. Experimentally, by 
skin scari float ion. 

Filterability: Passes Berkefeld N Alter. 

Literature: Ciuffo, Giorn. ital. d. 
malattie veneree e d. pelle, 45, 1907, 12- 
17; Kingery, Jour. Am. Med. As.soc., 76, 
1921,440-442; Payne, Brit. Jour. Dermat., 
5, 1891, 185-188; Schultz, Deutsch. med. 
Wchnschr., 54, 1908, 423; Serra, Giorn. 
ital. d. malattie veneree e d. pelle, 65, 
1924, 1808-1814; Uilmann, Acta oto- 
laryngologica, 6, 1923, 317-334; Wile and 
Kingery, Jour. Am. Med. Assoc., 73, 
1919, 970-973. 

2. Molitor hominis comb, nov. 
(Sirongyloplastna hominis Lipsohttts, 


1. Molitor verrucae. 

2. Molitor hominis. 

3. Molitor hovis. 

4. Molitor huccalis, 

5. Molitor tumoris. 

6. Molitor gingivalis. 

7. Molitor sylvilagi. 

8. Molitor myxomae. 

Arch. Dermat. u. Syph., 107, 1911, 395.) 
From Latin homo, man. 

Cdmmon name: Molluscum contagiosum 
virus. 

Host: HOMINIDAE — Homo sapiens 
L., man. 

Geographical distribution: Perhaps es¬ 
sentially world-wide. 

Induced disease: In man, experimen¬ 
tally, prodromal period may be 14 to 60 
days, lesions at first like pimples, becom¬ 
ing red, painful, swollen, developing into 
small tumors covered with stretched and 
shiny skin; lesions commonest on face, 
arms, buttocks, back, and sides, heal¬ 
ing spontaneously. Inclusions within 
epithelial cells, known as molluscum 
bodies, measure 9 to 24 microns in diame¬ 
ter when approximately spherical, 24 to 
27 microns in width and 30 to 37 microns 
in length when elongated; they contain 
elementary bodies about 0.3 micron in 
diameter. The outer envelope of the 
molluscum body is of carbohydrate. 

Transmission: By contact. By 

fomites. 

Filterability: Passes Chamberland Li 
and Berkefeld V Alters. 

Literature: Goodpasture and King, 
Am. Jour. Path., 5, 1927, 385-^94; Good- 
pasture and Woodruff, ibid., 7, 1931,1-8; 
Jiiliusberg, Deutsch. med. Wehnsohr., 
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SI, 1905, 1598-1599; Idpschtltz, Arch. 
Dermat. u. Syph., 107, 1911, 387-396; in 
Kolle, Kraus and Uhlenhuth, Handbuch 
der Pathogenen Mikroorganismen, 8, 
1930,1031-1040; Van Rooyen, Jour. Path, 
and Bact., 40, 1938, 425-436 ; 49, 1939, 
345-349; Wile and Eangery, Jour. Cutan. 
Dis., 37, 1919, 431-446. 

3. Molitor bOTis spec. nov. From Latin 
boa, cow. 

Common name: Cattle-wart virus. 

Host: BOVJDAE—Boa taurua L., do¬ 
mestic cattle. 

Geographical distribution; United 
States. 

Induced disease: In cattle, especially 
about head, neck, and shoulders in young 
animals, on udders in cows, affected skin 
thickened at first, then rough, nodular; 
warts sometimes become large and pendu¬ 
lous, adversely affecting growth of host; 
they sometimes become cauliflower-like 
tumors several inches in diameter; spon¬ 
taneous regression is not infrequent. 
Hides from affected animals are reduced 
in value. 

Transmission: Believed to be through 
injuries to skin when the injured part 
comes in contact with warty animals or 
with rubbing posts, chutes, fences, build¬ 
ings, or other structures with which 
affected animals have come in contact pre¬ 
viously. Experimentally, by skin inocu¬ 
lations, especially in animals under 1 year 
of age. 

Filterability; Passes Berkefeld N filter. 

Literature: Creech, Jour. Agr, Res., 
S9, 1929,723-737; U. S. Dept. Agr., Leaf¬ 
let 75, 1931, 1-4. 

4. Molitor buccalis spec, nov. From 
Latin bucca, cheek. 

Common name: Canine oral-papillo¬ 
matosis virus. 

Host: CANIDAE — Cania familiaris 
L., dog. 

Insusceptible species: Cat, rabbit, 
guinea pig, rat, mouse; McuMca mulatta 
(Zimmermann), rhesus monkey. 

Induced disease: In young dog, experi¬ 
mentally, about 1 month* after inocula¬ 
tion of buccal membrane by scarification, 


pale, smooth elevations, becoming gradu¬ 
ally more conspicuous and roughened; 
finally a mass of closely packed papillae 
is formed. Regression with subsequent 
immunity is frequent; no scars are left 
on regression. Secondary warts often 
appear in other parts of the mouth 4 to 6 
weeks after primary warts have first been 
observed. 

Transmission: Experimentally by skin 
scarification. 

Serological relationships: Not inhibited 
by antiserum effective against common- 
wart virus of man. 

Thermal inactivation: At some tem¬ 
perature between 45 and 58® C in 1 hour. 

Filterability: Passes Berkefeld N filter. 

Other properties: Viable after freezing 
and drying, if stored dry in icebox,- at 
least 63 days; in storage in equal parts of 
glycerine and 0.9 per cent NaCl solution 
at least 64 days. 

Literature: DeMonbreun and Good- 
pasture, Am. Jour. Path., 8, 1932, 43-56; 
M’Fadyean and Hobday, Jour. Comp. 
Path, and Therap., It, 1898, 341-344; 
Penberthy, thid,, 11, 1898, 363-365. 

5. Molitor tumoris spec, nov, P"rom 
Latin tumor, swelling. 

Common names: Fowl-sarcoma virus, 
Rous chicken-sarcoma virus. 

Hosts: PH ASIAN ID AE—Gallus gal- 
lu8 (L.), chicken. Experimentally, also 
pheasant (serial transfer difficult) and 
duck (by cell transfer only but filtrates 
from duck infect injected chicken). 

Insusceptible species: Turkey, guinea 
fowl (both immune to filtrates but ca¬ 
pable of supporting tumor line if alterna¬ 
ted in a series with common fowl hosts); 
geese. 

Induced disease: In hen, originally 
found in an adult, pure-bred hen of 
Barred Plymouth Rock variety. Experi¬ 
mentally transmitted, a circumscribed 
nodule soon becomes evident at site of 
implantation; later this becomes necrotic 
or cystic at its center; as growth enlarges, 
host becomes emaciated, cold, somnolent, 
and finally dies; discrete metastases are 
often found in lungs, heart, and liver. 
Parent cel! of sarcoma is claimed to be 
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the normal histiocyte, but virus in the 
affected fowl is not conhned to the sar< 
coma, being widespread in the body in 
spleen, liver, muscle, brain, etc. In the 
chick embryo, serial passage is feasible on 
the egg membrane, in which focal lesions 
involve only ectodermal tissue. 

Transmission: By injection of affected 
fowl cells or filtrates. Certain trans¬ 
missible tar-induced sarcomas, not in¬ 
fecting by filtrates, nevertheless induce 
the formation of antibodies capable of 
neutralizing this virus. An inhibitor of 
the virus extracted from tumors appears 
to be a protein, inactivated at 65° C, but 
not at 55° C, in 30 minutes and destroyed 
by trypsin in 3 to 5 hours at pH 8. Oleic 
acid also may act as an inhibitor. No 
spontaneous transmission in chickens 
kept together. 

Serological relationships: Particles sedi¬ 
mented by centrifugal force 20,000 to 
30,000 times gravity arc specifically ag¬ 
glutinated by sera of fowls bearing 
corresponding tumor. At least one anti¬ 
gen in tumors of hen and duck not in 
healthy birds; this one fixes complement 
and gives cross reactions with Rous, Mill 
Hill 2, Fujinami, and RFD2 tumors. 
Virus injected into goats produces two 
antibodies but only one if previously 
heated; the antibodj’^ to the heat-stable 
constituent reciuires complement to neu¬ 
tralize virus; the only antibody produced 
in ducks does not require complement to 
neutralize. 

Thermal inactivation: At or below 54° 
C in 20 minutes. 

Filterability; Passes Berkefeld V and 
no. 5 (medium) filters. 

Other properties: Particle size esti¬ 
mated as about 100 millimicrons (but 
some say 50 or even 15 millimicrons) in 
diameter by filtration through graded 
membranes, about 70 millimicrons 
(molecular weight 140,000,000) by ultra¬ 
centrifugation. Contains 8.5 to 9.0 per 
cent nitrogen, 1.5 per cent phosphorus. 
Protein tests positive. Feulgen reaction 
for thymonucleic acid absent; 10 to 15 
per cent of the protein may be nucleic 


acid, probably of ribose type. Pentose 
present. Virus believed to be of globulin 
nature or attached to globulin particles 
(Lewis and Mendelsohn, Am. Jour. Hyg., 
1930, 686-689). Viable indefinitely in 
dried spleen as in dried sarcoma tissues. 

Strains: Several strains have been 
studied in addition to the original Rous 
sarcoma no. 1 strain; immunological rela¬ 
tionships have been shown between the 
original strain, the des Ligneris sarcoma 
strain, the Fujinami sarcoma strain, the 
fibrosarcoma MHl and endothelioma 
MH2 strains; other isolates also have 
shown serological interrelationships. 

Literature: Amies, Jour. Path, and 
Bact., 44, 1937,141-166; Amies et al., Am. 
Jour. Cancer, 55, 1939, 72-79; Andrewes, 
Jour. Path, and Bact., S4, 1931, 91-107; 
55, 1932, 407-413; 57, 1933, 17-25, 27-44; 
45, 1936, 28-33; Claude, Jour. Exp. Med., 
^5,1937,59-72; Science, 57,1938,467-468; 
BO, 1939, 213-214; Am. Jour. Cancer, 57, 
1939, 59-63; Claude and Rothen, Jour. 
Exp. Med., 71 y 1940, 619-633; Dmochow- 
ski and Knox, Brit. Jour. Exp. Path., 50, 
1939, 466-472; Elford and Andrewes, 
ibid,y 16, 1935, 61-66; Gye and Purdy, 
Jour. Path, and Bact., 34, 1931, 116-117 
(Abst.); Haddow, ibid.y 37, 1933,149-155; 
Helmer, Jour. Exp. Med., 64, 1936, 333- 
338; Keogh, Brit. Jour. Exp, Path., 19, 
1938, 1-9; Ledingham and Gye, Lancet, 
328, 1935 (1), 376-377; Lewis and Men¬ 
delsohn, Am. Jour. Hyg., 12, 1930, 686- 
689; des Ligneris, Am. Jour. Cancer, 16, 
1932, 307-321; McIntosh, Jour. Path, and 
Bact., 41, 1935, 215-217; Mellanby, Jour. 
Path, and Bact., 46, 1938, 447-460; 47, 
1938, 47-64; Mendelsohn et al., Am. 
Jour. Hyg., 14, 1931, 421-425; Purdy, 
Brit. Jour. Exp. Path., 13, 1932, 473-479; 
Rous, Jour. Exp. Med., 13, 1911, 397-411, 

6. Molitor gingivalis spec. nov. From 
Latin gingiva, gum. 

Common name: Rabbit oral-papilloma¬ 
tosis, virus. 

Hosts: LEPORIDAE—Oryctolagus 
cuniculus (L.), domestic rabbit. Ex¬ 
perimentally, also Lepus americanus 
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Erxlebei), snowshoe hare; L. californicus 
Gray, jack rabbit; Sylvilagus sp., cotton¬ 
tail rabbit. 

Geographical distribution: United 
States. 

Induced disease: In rabbit, benign 
papillomas, having the form of small, 
discrete, gray-white, sessile or peduncu¬ 
lated nodules, usually multiple, on lower 
surface of tongue or, less frequently, on 
gums or floor of mouth. 

Transmission: Perhaps by mother to 
suckling young, with a latent period he- 
fore onset of disease. Not highly con¬ 
tagious, if contagious at all, in old animals. 
Experimentally by puncture of tissues in 
the presence of virus. 

Immunological relationships: Specific 
immunity develops as a result of disease, 
but no cross immunity with respect to 
rabbit-papilloma virus, which differs also 
in failing to act on oral mucosa. 

Filterability: Passes Berkcfcld V and 
N filters. 

Literature: Parsons and Kidd, Jour. 
Exp. Med., 77, 1943, 233-250. 

7. Moll tor sylvilagi spec. nov. From 
New Latin SylvilagnSj generic name of 
cottontail rabbit. 

Common names: Rabbit papilloma or 
papillomatosis virus, rabbit wart virus. 

Hosts : LEPORIDAE—Syluilagus sp., 
cottontail rabbit. Experimentally, also 
LEPORIDAE — Oryctolagus ctiniculus 
(L.), domestic rabbit. 

Geographical distribution: United 
States. 

Induced disease: In cottontail rabbit, 
at first minute elevations along lines of 
scarification; later solid masses of w'rin- 
kled keratinized tissue, 3 to 4 millimeters 
in thickness; eventually cornified warts, 
striated perpendicularly at top, fleshy at 
base, 1 to 1.5 cm in height; regression 
rare; natural papillomas become malig¬ 
nant occasionally. In domestic rabbit, 
experimentally, blood antibody remains 
low but virus is always masked, prevent¬ 
ing serial passage; discrete lesions on skin 
permit quantitative tests; tarring causes 


localization of virus from blood stream; 
papillomas ^ive rise to malignant acan- 
thomatous tumors by graded continuous 
alteration; metastasis frequent; trans¬ 
plantation to new hosts successful in 
series; antilxjdy specific for the virus is 
formed continuously in the transplanted 
growths although virus is not directly 
demonstrable by subinoculation from 
them; malignant growths appear more 
promptly and frequently where epidermis 
has been tarred long; virus appears 
specific for epithelium of skin; growths 
disappear if treated with X-rays, 3600 r 
at one time or fractionally; 60 per cent 
are cured with 3000 r, but 2000 r ineffec¬ 
tive. 

Transmission: Experimentally, by 
scarification of skin. Abnormal suscepti¬ 
bility to infection is noted in rabbit skin 
treated with 0.3 per cent methylcholan- 
threne in benzene or equal parts of tur¬ 
pentine and acetone. 

Serological relationships: Specific neu¬ 
tralization, reversible on dilution. Com¬ 
plement fixation specific, with virus 
particle as antigen; no cross reaction with 
antisera for vaccinia, herpes, fibroma, or 
myxoma viruses. Precipitates occur in 
properly balanced mixtures of virus and 
specific antiserum; virus and antibody 
in both free and neutralized states are 
present in both soluble and insoluble 
phases of these suspensions. 

Immunological relationships: Intra- 
peritoneal injections immunize specifi¬ 
cally. Rabbits immunized to fibroma 
and myxoma viruses are susceptible to 
rabbit papilloma virus. 

Thermal inactivation: At 70® C, not 
at 65 to 67®C, in 30 minutes; in 0.9 per 
cent sodium chloride solution at 65 to 66® 
C, time not stated. 

Filterability: Passes Bcrkefeld V, N, 
and W filters; particle size calculated as 
23 to 35 millimicrons by filtration as com¬ 
pared with 32 to 50 millimicrons by cen¬ 
trifugation and 44.0 millimicrons by 
measurement of electron micrographs, 
which show the particle to be approxi¬ 
mately spherical in shape. 
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Other properties: Infectious particle 
has sedimentation constant S 20 — ca. 250 
X 10”” cm per sec. per dyne; usually 
there is a secondary boundary at about 
375 X 10“”. Isoelectric point between 
pH 4.8 and 5.1. Maximum absorption at 
about 2750 A. Contains thymus nucleic 
acid about 6.8 to 8.7 per cent; maximum 
absorption of nucleic acid at about 
2630 A. 

Literature: Beard ct al., Jour. Inf. 
Dis., 66, 1939, 43-52; 69, 1941, 173-192; 
Bryan and Beard, ibid., 66, 1939, 306-321; 
Friedewald, Jour. Exp. Med., 75, 1942, 
197-220; Hoyle, Jour. Patli. and Bact., 
60, 1940,169-170; Kidd, Jour. Exp. Med., 
68, 1938, 703-724, 725-759 ; 70, 1939, 5&3- 
604 ; 71 j 1940, 469-494; 74, 1941, 321-344; 
76, 1942, 7-20; Kidd and Rous, ibid.,68, 
1938, 529-562 ; 71, 1940, 813-838, Kidd et 
al., ibid., 64, 1936, 63-77, 79-96; Rous and 
Beard, ibid., 60, 1934, 701-722 ; 62, 1935, 
523-548; Rous and Kidd, ibid., 67, 1938, 
399-428; 71, 1940, 787-812; Rous et al., 
ibid., 64, 1936, 385-400, 401-424; Schles- 
inger and Andrewes, Jour. Hyg., 37, 
1937, 521-526; Sharp ct al., Proc. Soc. 
Exp. Biol, and Mod., 60, 1942, 205-207; 
Shope, Jour. Exp. Med., 68, 1933,607-624; 
66, 1937, 219-231; Syverton ct al., ibid., 
/S, 1941,243-248; Taylor et al., Jour. Inf. 
Dis., 71, 1942, 110-114. 

8. Molitor myxomae (Aragao) comb, 
nov. {Chlamidozoon myxomae Aragfto, 
Brazil-Med., 26, 1911, 471; name later 
abandoned by its original author in favor 
of Sirongyloplasma myxomae Aragilo, 
Mem. Inst. Oswaldo Cruz. 20 , 1927, 231 
and 243. The name Sanarellia cuniculi 
Lipschiitz, Wien. klin. Wochenschr., 40. 
1927, 1103, was based on the supposed 
causative organism, defined as varying in 
size between the size of chlamydozoa and 
of large cocci; it is not clear whether the 
structures observed and named were 
virus particles or not.) From New Latin 
myxoma, a kind of soft tumor, from nature 
of induced lesion. 

Common names: Myxoma virus, virus 
myxomaiosum. 


Hosts: LEPORIDAE—Oryciolagus 

cuniculus (L.), domestic rabbit. Ex¬ 
perimentally, also Sylvilagus sp., cotton¬ 
tail rabbit; jack rabbit (once in many 
trials); Lepiis brasiliensis (resistant and 
rarely infected). Also chick embryo and 
duck embryo. 

Insusceptible species: Lepus califor- 
nicus Gray, black-tailed jack rabbit; L, 
americanus Erxleben, varying hare; Syl- 
vilagus transilionalis Bangs, cottontail; 
horse, sheep, goat, cattle, dog (but one 
reported fhfected), guinea pig, rat, 
mouse, fowl, pigeon, duck, cat, hamster, 
monkey; man (but some conjunctival 
pain and swelling). 

Geographical distribution: South Amer¬ 
ica (Brazil, Uruguay, Argentina), United 
States (California). 

Induced disease: In domestic rabbit, a 
disease (myxomatosis cuniculi) almost al¬ 
ways fatal at ordinary room temperatures 
but not at 36 to 42® C, lesions fewer and 
regressing after 6 to 8 days at these higher 
temperatures in most animals. At ordi¬ 
nary temperatures, nodules (edematous 
tumors) in skin near eyes, nose, mouth, 
ears, and genitalia; edema of eyelids; 
conjunctivitis with purulent discharge 
if skin around eyes is involved. Later 
marked dyspnea, stertorous breathing, 
cyanosis, asphyxia. Animals usually die 
within 1 to 2 weeks of infection. Virus 
enters bloodstream and invades nervous 
system at random through walls of blood 
vessels. Discharges from nose, eyes, and 
the serous exudates from affected tissues 
are infectious; urine and feces are not. 
There are cytoplasmic inclusions in af¬ 
fected epidermal cells. In chick em¬ 
bryo, experimentall>, intense infiamma- 
tion, eventual impairment of circulation 
and necrosis locally; growth best' if em¬ 
bryo is grown at 33 to 35® C and chilled 
to 25° C for 12 to 18 hours before or after 
inoculation, lesions being linear and asso¬ 
ciated with capillaries in ectoderm; virus 
infects and is recoverable from embryo 
and depresses hatch. 

TransmissionBy contact with dis¬ 
eased rabbits or cages recently occupied 
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by them. Through air for a few inches. 
Rarely by feeding. Experimentally^ by 
rubbing conjunctiva with a bit of infected 
tissue or with a platinum loop contam¬ 
inated from diseased conjunctiva; has 
been recovered from hies. By injection. 
By flea, CUnopayllafelia {PULICIDAE), 
rarely. 

Serological relationships: An attack of 
the disease induces the formation of neu¬ 
tralizing antibodies. Cross neutraliza¬ 
tion by antisera to myxoma and fibroma 
strains. Complement is fixed with myx¬ 
oma virus as test antigen in the presence 
of antisera to myxoma or fibroma strains. 
Serum of rabbit inoculated with a soluble 
antigen, a heat-labile protein with iso¬ 
electric point near pH 4.5, agglutinates 
myxoma elementary bodies. A second 
soluble antigen, also heat labile, appears 
distinct, inhibiting its own antibody even 
after inactivation of its precipitating 
power by exposure at 56® C. 

Immunological relationships: Myxoma- 
recovered domestic rabbits become 
immune to reinfection; fibroma-strain-re¬ 
covered animals, although partially im¬ 
munized, still support myxoma-strain 
virus introduced into the testicle. Heat- 
inactivated virus (60® C for 30 minutes) 
tends to immunize if given intradermallj'^; 
there is then an allergic local response, 
less severe generalized disease, delayed 
death or recovery. If fibroma virus pre¬ 
cedes myxoma virus by 48 to 96 hours, 
there is marked protection. 

Thermal inactivation: At 55® C in 10 
minutes; at50® C in 1 hour. A substance 
thermostabile for 30 minutes at 60 to 75® 
C, but not at 90® C, is itself unable to 
produce myxomatous changes after the 
heat treatment but may do so in com¬ 
bination with fibroma virus, and trans¬ 
missible myxoma virus is then reconsti¬ 
tuted. Although it is supposed by some 
tlmt this indicates the transformation of 
fibroma-strain virus into myxoma-strain 
virus, the possibility that heat-modified 
myxoma-strain virus is reactivated has 
not been eliminated. 


Filterability: Passes Berkefeld V and 
N filters; not Chamberland Lt or ht 
filters. 

Other properties: Inactivated above 
pH 12.0 and below pH 4.0. Withstands 
drying. Viable at least 3 months at 8 to 
10® C. 

Literature: Aragfio, Brazil-med., B6, 
1911, 471; Mem. Inst. Oswaldo Ctuz^SO, 
1927, 225-235; Berry and Dedrick, Jour. 
Bact., Slj 1936,50-51 (Abst.); Berry and 
Lichty, ibid,j 31^ 1936, 49-50 (Abst.); 
Berry et al., Second International Cong¬ 
ress for Microbiology, Report of Proceed¬ 
ings, London, 1936, 96 (Abst.); Fisk and 
Kessel, Proc. Soc. Exp. Biol, and Med., 
B9, 1931, 9-1F; Gardner and Hyde, Jour. 
Inf. Dis., 71, 1942, 47-49; Hobbs, Am. 
Jour. Hyg., 8, 1928, 800-839; Science, 73, 
1931, 94-95; Hoffstadt and Omundson, 
Jour. Inf. Dis., 68 , 1941, 207-212; Hoff¬ 
stadt and Pilcher, Jour. Bact., 35, 1938, 
353-367 ; 39, 1940, 40-41; Jour. Inf. Dis., 
64, 1939, 208-216 ; 65, 1939, 103-112; 
Hoffstadt et al., ibid,, 68, 1941, 213-219; 
K. E. Hyde, Am. Jour. Hyg., 33, 1936, 
278-297; R. R. Hyde, ibid., 30 (B), 1939, 
37-46, 47-55; Hyde and Gardner, ibid,, 
17, 1933, 446-465; 30, (B), 1939, 57-63; 
Kessel et al., Proc. Soc. Exp. Biol, and 
Med., 28, 1931, 413-414; Lipschutz, 
Wien. klin. Wchschr., 40, 1927,1101-1103; 
Lush, Austral. Jour. B]xp. Biol, and Med. 
Sci., 15, 1937, 131-i39; 17, 1939, 85-88; 
Martin, Austral. Counc. Sci. and Indust. 
Res., Bull.. 96, 1936, 28 pages; Moses, 
Mem. Inst. Oswaldo Cruz, 3, 1911,46-53; 
Parker and Thompson, Jour. Exp. Med., 
75, 1942, 567-573; Plotz, Compt. rend. 
Soc. Biol., Paris, 109, 1932, 1327-1329; 
Rivers, Jour. Exp. Med., 51, 1930, 965- 
976; Rivers and Ward, ibid,, 66, 1937, 
1-14; Rivers et al., ibid., 69, 1939, 31-48; 
Sanarelli, Cent. f. Bakt., I Abt., 23, 
1898, 865-873; Shaffer, Am. Jour. Hyg., 
34 (B), 1941, 102-120; Shope, Jour. Exp. 
Med., 56, 1932, 803-822; Smadel et al., 
ibid., 72, 1940,129-138; Splendore, Cent, 
f. Bakt., I Abt., Orig., 46y 1909, 300-301; 
Stewart, Am. Jour. Cancer, 15 Suppl., 
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1931, 2013^2028; Swan, Austral. Jour. 
Exp. Biol, and Med. Sci., 19^ 1941, 113- 
116. 

Strains and substrains: A strain from 
cottontail rabbits (Sylvilagus «p.), differ¬ 
ing from typical myxoma virus, has been 
studied extensively under the name 
fibroma virus. This strain in turn is rec¬ 
ognized as consisting of variants and has 
been investigated as typical (OA) and 
inflammatory (lA) substrains, antigeni- 
cally alike but the latter tending to 
generalize in domestic rabbits. Fibroma 
virus is not lethal in domestic rabbits as 
the type strain almost always is; it 
appears to lack some antigenic constitu¬ 
ents, inducing the formation of agglu¬ 
tinins that give cross reactions with the 
type but of neutralizing and complement¬ 
fixing antibodies that do not. The fi¬ 
broma strain does not generally appear 
in the blood stream, as myxoma virus 
does, and is not contagious, at least it 


does not spread spontaneously among 
domestic rabbits as the myxoma strain 
does; the manner of its spread in wild 
rabbits in nature is not known. Its 
particle size has been calculated as 126 
to 141 millimicrons by centrifugation, 
125 to 175 millimicrons by filtration. 
(Ahlstrom, Jour. Path, and Bact., 46 , 
1938,461-472; Andre wes, Jour. Exp. Med., 
6 S, 1936, 167-172; Hoffstadt and Pilcher, 
Jour.. Inf. Dis., 68 , 1941, 67-72; Hurst, 
Brit. Jour. Exp. Path., 18, *1937, 1-30; 
Austral. Jour. Exp. Biol, and Med. Sci., 
16, 1938,63-64,20^208; Hyde, Am. Jour. 
Hyg., 64. 1936, 217-226; Ledingham, 
Brit. Jour. Exp. Path., 18, 1937,436-449; 
van Rooyen, ibid., 19, 1938,156-163; van 
Rooyen and Rhodes, Cent. f. Bakt., I 
Abt.,Orig., 146 , 1938,149-153 ;Schlesinger 
and Andre wes. Jour. Hyg., 57, 1937, 
521-526; Shope, Jour. Exp. Med., 5^5, 
1932, 793-822 ; 6 S, 1936, 33-41, 43-57 
173-178. 
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FAMILY HI. ERRONACEAE FAM. NOV. 

Viruses of the Encephalitis Group, inducing diseases mainly characterized by ef¬ 
fects on nerve tissues. 


Key to the genera of family Erronaceae. 

I. Viruses of the Typical Encephalitis Group. 

Genus I. Errot P* 

II. Viruses of the Poliomyelitis Group. 

Genus II. Legio, p. 1257. 

III. Viruses of the Rabies Group. 

Genus III. FormidOf p. 1263. 

Genus 7. Erro gen. nov. 

Viruses of the Typical Encephalitis Group, inducing diseases mainly characterized 
by injuries to cells of the brain. Vectors of some known to be ticks; dipterous insects 
may also transmit. Generic name from Latin erroy a vagrant. 

The type species is Erro scoticus spec. nov. 


Key to the species of genus Erro, 

I. Affecting sheep principally, but also man. 

1. Erro scoticus. 

II. Affecting man principally. 

2. Erro silvestris. 

3. Erro incognitus, 

4. Erro japonicus. 

5. Erro nili. 

6. Erro scelestus. 

III. Affecting horse principally, but also man. 


IV. Affecting horse, cow, sheep. 

1. Erro scoticus spec. nov. From Latin 
Scoticus, Scottish. 

Common name: Louping-ill virus. 

Hosts: BOVIDAE—Ovis aries L., 
sheep. IIOMINIDAE—Homo sapiens 
L., man. Experimentally, also mouse, 
rat (subclinical infection), chick embryo 
(discrete primary lesions on chorioallan¬ 
toic membrane), Mcicac^is rhesus, horse, 
cow, pig. 

Insusceptible species: Guinea pig, 
rabbit. 

Geographical distribution: Scotland, 
northern England. 

Induced disease: In sheep, encephalitis 
cliaracterized by dullness followed by 
incoordination of movement, frequently 
with tremors chiefly of the head; saliva- 


7. Erro equinus^ 

8. Erro bornensis. 

t ion, champing of jaws; prostration, coma, 
death. In man, encephalitis with 
prompt and complete recovery accom¬ 
panied by formation of specific neutraliz¬ 
ing antibodies. In mouse, experimen¬ 
tally, diffuse encephalomyelitis with mild 
meningeal involvement; following intra¬ 
cerebral inoculation, fine rhythmical 
tremor involving neck, nose, and cars, 
unsteadiness, muscle spasms, respiratory 
distress, sometimes clonic and rarely 
tonic convulsions; hind limb paralysis, 
dribbling of urine, cessation of spontane¬ 
ous limb movements, death; in mouse 
inoculated intraperitoneally, virus usu¬ 
ally enters central nervous system by 
way of the olfactory mucosa and olfactory 
bulb, occasionally by trauma at points of 
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damage; in mouse inoculaied intranasally, 
virus enters blood and reaches the olfac¬ 
tory bulb where it multiplies to a high 
concentration before infecting the re¬ 
mainder of the brain and the rest of the 
nervous system; tends to disappear from 
the blood after sickness begins but per¬ 
sists in the brain until death from 
encephalitis. In chick embryo, after 
inoculation of chorioallantoic membrane, 
edema and opacity spreading from site 
of inoculation on membrane of 10-day 
embryo; in 12-day eggs, discrete primary 
lesions, sometimes with secondary lesions 
surrounding them on the inoculated mem¬ 
brane ; embryo dies in about 6 days, after 
showing jaundice, edema, mottling of the 
liver with necrosis; virus regularly in 
blood. In monkey, Macacus rhesus^ 
progressive cerebellar ataxia; encephalo¬ 
myelitis with involvement and massive 
destruction of Purkinjo cells in the cere¬ 
bellum. 

Transmission: By ticks, Rhipicephalus 
appendiculatus and Ixodes ricinus (IXO- 
DIDAE), In Rhipicephalus appendicu- 
latuSf the larva or nymph becomes in¬ 
fected ; only a few individuals retain virus 
until the adult stage; virus does not pass 
through the egg. Non-viruliferous ticks 
do not acquire virus by feeding with 
infective ticks on immune animals. Ex¬ 
perimentally, by intracerebral or intra- 
peritoneal injection in mouse; by intra- 
nasal instillation in rat, mouse, and 
monkey. 

Serological relationships: Complement 
fixation and neutralization tests show' 
cross reactions wdtli Russian spring- 
summer encephalitis virus, but immune 
serum against louping-ill virus is only 
partially effective in neutralizing the 
spring-summer encephalitis virus 

Immunological relationships: Mice are 
protected against louping-ill virus by 
vaccination with non-virulent spring- 
summer encephalitis virus but protection 
is less effective than for the homologous 
virus. No cross immunity with respect 
to Rift Valley fever virus or poliomyelitis 
virus in Macacus rhesus^ but immunity 


wdth respect to reinfection by louping-ill 
virus has been demonstrated. 

Thermal inactivation: At 58® C in 10 
minutes. 

Filterability: Passes Berkefeld V, N, 
and W filters. 

Other properties: Viable in broth fil¬ 
trates after storage at 4® C and pH 7.6 
to 8.5 for 70 days. Particle diameter, cal¬ 
culated from ultrafiltration data, 15 to 20 
millimicrons. 

Literature: Alexander and Neitz, Vet. 
Jour., 89f 1933, 320-323; Onderatepoort 
Jour. Vet. Sci. and Anim. Industr., S, 
1935, 15-33; Alston and Gibson, Brit. 
Jour. Exp. Path., IS, 1931,82-88; Burnet, 
.Jour. Path, and Bact., 4^, 1936, 213-225; 
Brit. Jour. Exp. Path., 17, 1936, 294-301; 
Burnet and Lush, Austral. Jour. Exp. 
Biol, and Med. Sci., 16, 1938, 233-240; 
Casals and Webster, Science, 97, 1943, 
246-248; Jour. Exp. Med., 79, 1944, 
45-63; Elford and Galloway, Jour. Path, 
and Bact., 37, 1933, 381-392; Findlay, 
Brit. Jour. Exp. Path., IS, 1932, 230-236; 
Fite and Webster, Proc. Soc. Exp. Biol, 
and Med., 81, 1934, 695-696; Galloway 
and Perdrau, Jour. Hyg., 3S, 1935, 339- 
346; Hurst, Jour. Comp. Path, and 
Therap., 44^ 1931, 231-245; MTadyean, 
.Jour. Comp. Path, and Therap., 7, 1894, 
207-219; IS, 1900, 145-154; Pool et al., 
ibid,, 43y 1930, 253-290; Rivers and 
Schwentker, Jour. Exp. Med., S9, 1934, 
669-685; Schwentker et al., ibid,, 57, 
1933, 955-965. 

2. Erro sllvestris spec, nov. From 
T^itin silvestris, of the forest, in reference 
to incidence of the induced disease almost 
exclusively in those w'ho enter forest 
lands. 

Common names: Spring-summer en¬ 
cephalitis virus, forest spring encephalitis 
virus. 

Hosts: Man; probably cattle, horse; 
Euiamias asiaiicus orientalis, Evotomys 
rufocanus arsenjevi. Experimentally, 
also white mouse, Macacus rhesus, birds, 
goat, sheep, Microius michnoi pellieevs 
Thom., Criceiulus furunculus» 
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Geographical distribution: Union of 
Soviet Socialist Republics. 

Induced disease: In man, acute non¬ 
suppurative encephalitis, abrupt onset, 
steep rise of temperature to 38 to 40® C, 
severe headache, giddiness, and vomit¬ 
ing; pareses and paralyses of upper or 
lower limbs or muscles of neck and back; 
residual atrophic paralyses common; 
mortality among cases, 30 per cent; 80 
per cent of all cases occur in May and 
June. 

Transmission: By tick, Ixodes persuU 
catuB {IXODIDAE ); the virus seems to 
hibernate in this species and has proved 
capable of passing through eggs to prog¬ 
eny. Experimentally, also by ticks 
Dermacentor silvarum and Haemaphysa- 
liBconcinna {IXODIDAE). 

Serological relationships: Virus-neu¬ 
tralizing antibodies, found without other 
evidence of disease in some men and in 
many cattle and horses, believed to indi¬ 
cate susceptibility of these hosts to latent 
infections. No cross neutralization with 
St. Louis encephalitis virus. Japanese 
summer encephalitis virus is in part 
.antigenically related, but some antigenic 
constituents of this virus are missing in 
spring-summer encephalitis virus and 
vice versa. 

Immunological relationships: Formol- 
ized virus immunizes specifically. 

Filterability: Passes Berkefeld and 
Chamberland filter candles. 

Literature: Smorodintseff, Arch, f. 
gesamt. Virusforsch., i, 1940, 468-480; 
Soloviev, Acta Med. XJ. R. S. S., i, 1938, 
484-492 (Biol. Abst., 17, 1943, 1726, no. 
18777). 

3. Erro Incognitas spec. nov. From 
Latin incognitus, unknown, in reference 
to mystery surrounding the nature and 
relationships of this virus, as evidenced 
by common name. 

Common name: Australian X-disease 
virus. 

Hosts: HOMINIDAE—Homo sapiens 
L., man. Experimentally,, also sheep, 
horse, cow, rhesus monkey. 


Geographical distribution: Australia. 

Induced disease: In man, polioenceph¬ 
alitis, especially in children, occurring 
in late summer; mortality high; charac¬ 
terized by headache, body pains, drowsi¬ 
ness, weakness, then vomiting, fever, 
convulsions; paralysis of limbs, eye- 
muscles, or face rare; recovery rapid in 
non-fatal cases. 

Literature: Kneebone, Austral. Jour. 
Exp. Biol, and Med. Sci., 3, 1926, 119- 
127; Perdrau, Jour. Path, and Bact., 4 £, 
1936, 59-65. 

4. Erro japonlcus spec. nov. From 
New Latin Japonia, Japan. 

Common name : Japanese B «encepha- 
litis virus. 

Hosts : HOMINIDAE—Homo sapiens 
L., man. Experimentally, also young 
sheep, mouse, and Ma^acus rhesus. 

Geographical distribution: Japan, 
Union of Soviet Socialist Republics. 

Induced disease: In man, loss of appe¬ 
tite, drowsiness, nausea, then rapid rise 
of temperature, pains in joints and chest; 
restlessness followed by apathy, coma; 
death; usually before end of second week, 
or recovery, sometimes with persistence 
of evidences of damage done to the nerv¬ 
ous system by the disease. 

Serological relationships; Specific anti¬ 
serum does not neutralize St. Louis en¬ 
cephalitis virus or louping-ill virus. Rus¬ 
sian autumn-encephalitis virus induces 
the formation of antisera neutralizing 
Japanese B encephalitis virus. Russian 
spring-summer encephalitis virus con¬ 
tains some, but not all, antigens in com¬ 
mon with this virus. Australian X-dis¬ 
ease virus is distinct in neutralization 
tests. 

Immunological relationships: Specific 
immunity as a result of earlier infection 
in mice; no cross protection with respect 
to St. Louis encephalitis virus. Vac¬ 
cination with Japanese B encephalitis 
virus does not enhance resistance to 
West Nile encephalitis virus but only to 
the homologous virus. 
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Thermal inactivation: At 56® C in 30 
minutes. 

Filterability: Passes Berkefeld N, W, 
Chamberland Lt, Ls) and Seitz EK filters, 
with ease. 

Literature: Kudo et al., Jour. Im¬ 
munol., S^, 1937, 129-135; Smorodintseff 
et al., Arch. f. gesamt. Virusforsch., I, 
1940, 550-559; Webster, Jour. Exp. Med., 
67, 1938, 609-618. 

5. Erro nil! spec. nov. From Latin 
Nilus, god of the Nile. 

Common name : West Nile encephalitis 
virus. 

Hosts: HOM1NI DAE— Homo sapiens 
L., man (perhaps without inducing any 
definite disease). Experimentally, also 
rhesus monkey, mouse. 

Geographical distribution* Africa 
(Uganda). 

Induced disease: In man, no details an* 
known; virus was originally isolated from 
blood of a w’oman native of Uganda; at thci 
time the temperature of the patient was 
100.6® F but she denied illness; moreover, 
two laboratory workers developed neu¬ 
tralizing antibodies without recognizable 
clinical disease. In mouse, experimen¬ 
tally, after intracerebral inoculation, in¬ 
cubation period to 4 or 5 days, then 
hyperactivity and n)ughening of coat; 
later, weakness, hunched attitude, some¬ 
times paralysis of hind quarters; usually 
coma-before death. In rhesus monkey, 
experimentally, after intracerebral or 
intranasal inoculation, fever and en¬ 
cephalitis. 

Serological relationships : No cross reac¬ 
tions in complement fixation tests between 
this and equine encephalitis virus, 
Japanese B encephalitis virus, St. Iwouis 
encephalitis virus, or lymphocytic chori¬ 
omeningitis virus. Neutralization tests 
show some common antigens in West Nile 
encephalitis virus, Japanese B encepha¬ 
litis virus and St. Louis encephalitis 
virus; antiserum to West Nile virus docs 
not neutralize either of the others but 
antisera against St. Louis virus may 
neutralize West Nile virus and antisera 


against Japanese B virus have some effec¬ 
tiveness in neutralizing both West Nile 
virus and St. Louis virus. 

Immunological relationships: Vaccina¬ 
tion with this virus does not enhance 
resistance to Japanese B or St. Louis 
encephalitis viruses but only resistance 
to the homologous virus. 

Thermal inactivation: At 55® C, not 
at 50® C, in 30 minutes. 

Filterability: Passes Berkefeld V, N, 
and W filter candles readily; also passes 
Seitz EK asl)estos pads and collodion 
membranes 79, not 62, millimicrons in 
average pore diameter. 

Other properties: infective particle 21 
to 31 millimicrons in diameter, as calcu¬ 
lated from filtration experiments. Vi¬ 
able ai least 2 weeks at 2 to 4® C. Viable 
after drying from the frozen state. 

Literature: Havens et al., Jour. Exp. 
Med., 77,1943,139-153; Smithburn, Jour. 
Immunol., 44t 1942, 25-31; Smithburn et 
al., Am. Jour. Trop. Med., 20, 1940, 471- 
492. 

6. Erro scelestus spec. nov. From 
I^atin scelestus, infamous. 

Cximinon name : St. Louis encephalitis 
virus. 

Hosts . IJOMIXIDAE—Home sapiens 
L., man. A great numl>er of mammals 
and birds in endemic areas may have 
antisera that neutralize the virus, indi¬ 
cating that they are probably natural 
hosts; among these are : AN AT I DAE— 
Arias platyrhyncha L., Mallard and Pekin 
ducks; Anser anser (L.), domestic goose. 
BOV I DAE—Bos iaurus L., cow; Capra 
hircus L., goat; Ovis aries L., sheep. 
CAN I DAE—Cams famtliaris L., dog. 
COLUMBJDAE—Columha livia, domes¬ 
tic pigeon; Zcnaidura macroura, western 
mourning dove. EQUIDAE—Equus ca- 
hallus L., horse. FALCONIDAE— 
Falco sparverius L., sparrow hawk. LE- 
PORIDAE—Lepus caUfornicus Gray, 
jack rabbit; Sylvilagus nuiialli, cotton¬ 
tail rabbit. MELEAQRIDAE — Mele- 
ogrts gaBopavo L., turkey. MURIDAE 
—Rattusnorvegicus (Berkenhout), brown 
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rat. MUSCICAPIDAE-^TurduB mi- 
graiariM L.,iohin, PH ASIAN ID AE— 
Oallus gallus (L.), chicken; Lophortgx 
cdlifomica, California quail. PIC I DAE 
—Aayndesmus levns, Lewis woodpecker; 
Colaptea cafer (Gm.), red-shafted flicker. 
STRIOIDAE— Bubo virginianus (Gm.), 
great horned owl. SUIDAE—Sm scrofa 
L., pig. Experimentally, white mouse 
(some substrains of the Swiss white 
mouse are genetically more readily in¬ 
fected than others); Macacus rhesus; 
pigeon (inapparent infection); chick 
embryo and to a limited extent the young 
hatched chick. 

Insusceptible species: Laboratory rab¬ 
bit, Cebus monkey, guinea pig, rat. 

Geographical distribution: United 
States. 

Induced disease: In man, during sum¬ 
mer and fall, about 9 to 21 days after ex¬ 
posure, headache, high fever, rigidity of 
neck, tremors; encephalitis, usually with 
fever; some patients become drowsy, 
others sleepless or delirious; usual se¬ 
quelae hea^ches, irritability, some loss 
of memory, and drowsiness; neutralizing 
antibodies maintained in vivo at least 
2| years after occurrence of disease. 
Experimentally, in susceptible strains of 
white mouse inoculated by intracerebral 
injection, after 3 to 4 days, coarse tremors, 
convulsions, prostration, death; perivas¬ 
cular accumulations of mononuclear leuco¬ 
cytes throughout brain, stem, cord, and 
pia, with destruction of pyramidal cells 
in the lobus piriformis and cornu Am¬ 
monia ; subcutaneous and intraperitoneal 
injections immunize against subsequent 
infection by intracerebral inoculation, 
virus reaching only blood and spleen in 
the process of immunization unless an 
excessive dose is given; some substrains 
of the White Swiss mouse are relatively 
resistant to infection, requiring inocula¬ 
tion with about 1000 times the minimal 
infective dose for highly susceptible 
strains and when infected proving rela¬ 
tively poor sources of virus for subinocu¬ 
lation; highly susceptible substrains of 
the White Swiss mouse lack a single 


major, dominant, genetic factor that is 
present in resistant substrains. 

Transmission; By mosquito, Culex tar- 
salts Coquillett (CULICIDAE), prob¬ 
ably extensively; this insect has been 
collected in nature carrying the virus. 
Experimentally, by larvae of American 
dog tick, Dermacentor variabilis (Say) 
(IXODIDAE); by, mosquito, Culex 
pipien^ Linn., y&r,pollans Coq. {CULI¬ 
CIDAE). To mice, by feeding on in¬ 
fected tissues. 

Serological relationships: Human anti¬ 
sera may neutralize virus after clinical 
and subclinical attacks. 

Immunological relationships: Specific 
intracerebral immunity after vaccination 
by subcutaneous or intraperitoneal injec¬ 
tion in mice appears early (about 1 week 
after vaccination) and disappears before 
humoral antibody titer reaches its max¬ 
imum. 

Thermal inactivation: At 66® C in 30 
minutes. 

Filterability: Passes Berkefeld V and 
N filter candles and collodion membranes 
66 millimicrons in average pore diameter. 

Other properties: Storage in human 
brain tissue in glycerine inactivates this 
virus in about 32 days. Diameter of 
infective particle calculated from filtra¬ 
tion data as about 20 to 33 millimicrons. 
In storage, rabbit and sheep sera act to 
some extent as preservatives. At 4® C, 
after drying in vacuo while frozen, viable 
in apparently undiminished titer for at 
least 17 months. 

Literature; Bang and Reeves, Jour. 
Inf. Dis., 70, 1942, 273-274; Bauer et al., 
Proc. Soc. Exp. Biol, and Med., SI, 1934, 
696-699; Blattner and Cooke, Jour. Inf. 
Dis., 70, 1942, 226-230; Blattner and 
Heys, Proc. Soc. Exp. Biol, and Med., 
48 , 1941, 707-710; Cook, Jour. Inf. Dis., 
65, 1938, 206-216; Cook and Hudson, 
ibid., 61, 1937, 289-292; Elford and 
Perdrau, Jour. Path, and Bact., 40, 1935, 
143^146; Hammon and Howitt, Am. Jour. 
Hyg., S6, 1942, 163-185; Hammon et al.. 
Science, 94, 1941, 306-307, 328-330; Jour. 
Inf. Die., 70, 1942, 263-266, 267-272, 278- 
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283; Harford and Bronfenbrenner, Jour. 
Inf. Die., 70^ 1942, 62-68; Harrison and 
Moore, Am. Jour. Path., fJ, 1937, 361- 
375; Hodes, Jour. Exp. Med., ^9, 1939, 
633-543; Hodes and Webster, ibid., 68, 
1938, 263-271; Lennette and Smith, Jour. 
Inf. Dis., 66 , 1935, 252-254; Mitamura et 
al., Trans. Soc. Path. Jap., £7, 1937, 573- 
580; Muckenfuss et al., U. S. Pub. Health 
Service, Public Health Kept., 48, 1933, 
1341-1343; O’Leary et al.. Jour. Exp. 
Med., 76, 1942, 233-246; Reeves et al., 
Proc. Soc. Exp. Biol, and Med., 60, 1942, 
125-128; Sulkin et al.. Jour. Inf. Dis., 67, 
1940, 252-257; Webster, Jour. Exp. Med., 
65,1937, 261-286; 98,1938,111-124; Web¬ 
ster and Clow, ibid., 68, 1936, 433-448, 
827-845; Webster and Fite, ibid., 61, 
1935, 103-114, 411-422; Webster and 
Johnson, ibid., 74,1941,489-494; Webster 
et al., 61, 1935, 479-487; 6 £, 1935, 827-847. 

7. Erroequlnus spec. nov. From Latin 
eqxiinua, p^taining to horses. 

Common name: Equine encephalitis 
virus. 

Hosts: EQUIDAE—Equue caballus 
L., horse; Fj hybrid of the horse and E. 
asmus L.,mule. HOMINIDAE—Homo 
sapiens L., man. COLUMBIDAE — 
Columba livia, domestic pigeon. PHA- 
SI ANIDAE —ring-necked pheasant. 
TETRAONIDAE—Tympanuchus cup- 
ido L., var. americanus (Reichenbach), 
prairie chicken. Many additional spe¬ 
cies have been found to show neutralizing 
antisera at times and these are presum¬ 
ably natural hosts of the virus upon occa¬ 
sion; among them are: ANATIDAE — 
Anas platyrhyncha L., Mallard and 
Pekin ducks; Anser anser (L.), domestic 
goose. BOV I DAE—Bos laurus L., cow; 
Capra hircus L., goat; Ovis aries L., sheep. 
CANIDAE—Canis familiaris L., dog. 
CHARADRIIDAE—Oxyechus vociferus 
L., killdeer. CRICETIDAE—Microtus 
monianus (Peale), field mouse; Peromys- 
cus maniculatus (Wagner), white-footed 
mouse. FALCON ID AE--Falco spar- 
verius L., sparrow hawk. MELEAORI- 
DAE—Meleagris gallopavo L., turkey. 


MURIDAE-^Raiius rattus L., black 
rat. MUSCICAPIDAE—Turdus mi- 
gratorius L., robin. MUSTELIDAE— 
Mustela frenata Lichtenstein, weasel. 
PH ASIAN ID AE—Callus gaUus (L.), 
chicken; Lophxyrtyx calif arnica, Cali¬ 
fornia quail; Phasianus colchicus L., ring¬ 
necked pheasant. PICIDAE—Colaptes 
cafer (Gm.), red-shafted flicker. S TRI¬ 
OT DAE—Bubo virginianus (Gm.), great 
horned owl. SUIDAESus scrofa L., 
pig. Experimentally, also chick embryo, 
goose embryo, pheasant embryo, robin 
embryo, pigeon embryo, turkey embryo, 
sparrow embryo, duck embryo, and gui¬ 
nea-fowl embryo; white mouse, guinea 
pig, rabbit, pigeon, white rat, calf, sheep, 
monkey, goat, dog, hen, turkey; Zone- 
trichia leucophrys gambeli, Gambel spar¬ 
row ; Passer domesiicus L., En^ish 
sparrow; Lophortyx calif arnica, quail; 
Junco oreganus, junco; Toxosioma lecon- 
tei lecontei, thrasher; Citellus rickardsonii 
(Sabine), gopher or Richardson’s ground 
squirrel; Sigmodan hispidus Say and Ord, 
cotton rat; Dipodomys heermanni Le 
Conte, kangaroo rat; Reithradontomys 
megglalus, wild mouse; Microius man- 
tanus, M. californicus and M. mordax, 
wild mice; Peromyscus maniculatus (Wag¬ 
ner), white-footed mouse; Neotoma fus- 
cipes Baird, wood rat; Sylvilagus bach- 
mani (Waterhouse), brush rabbit; S. 
audubanii (Baird), cottontail rabbit; 
Canis familiaris L., dog (puppies); Anser 
cinereus, goose; Anas boscas L., duck; 
Circus rufus (Gm.), hawk; Turdus 
merula L., blackbird; Cicohia ciconia L., 
white stork; Vultur fulvus Briss., tawny 
vulture; Marmoia monax (L.), wood¬ 
chuck; Microtus pennsylvanicus (Ord.), 
field vole; Speotyio cunicularia hypugaea 
(Bonaparte), western burrowing owl; 
Malothrus aier (Boddaert), cowbird; 
common quail or bob-white. 

Insusceptible si>ecies: Frog (cat and 
opossum reported as “refractory”). 

Geographical distribution; United 
States, Canada, Argentina. 

Induced disease: In horse, initial fever, 
then signs of fatigue, somnolence; occa- 
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sional excitability followed by incoor- 
dinated actionof limbs, disturbed equilib¬ 
rium, grinding of teeth, paresis and varied 
paralyses; frequently inability to swal¬ 
low, paralysis of lips and bladder, amauro¬ 
sis; case fatality about 50 per cent; 
recovery without sequelae in mild cases; 
death within 3 to 8 ^ys in severe cases. 
In man (children i)articularly vulnera¬ 
ble), a profound, acute, disseminate and 
focal encephalomyelitis characterized by 
intense vascular engorgement, perivascu¬ 
lar and parenchymatous cellular infiltra¬ 
tion and extreme degenerative changes in 
the nerve cells. In chick embryo, ex¬ 
cessive increase of virus continuing until 
just before host’s death, virus being found 
eventually throughout the egg but most 
concentrated in the embryo; vaccines 
made from virus grown in chick embryo 
and then inactivated are especially effec¬ 
tive because of the high titer of virus 
represented in them; increased resistance 
with age characteristic of chorioallantoic 
membrane as well as of hatched chick; 
rounded acidophilic masses occur usually 
near periphery of nucleus in embryonic 
nerve cells; no such inclusions are found 
as a result of infection with Borna disease 
virus or poliomyelitis virus. 

Transmission: Experimentally by tick, 
Dermacenior andersoni Stiles (IXODI- 
DAE)f passing through eggs to ofTsi)ririg, 
this tick is infective to susceptible ani¬ 
mals on which it feeds as larva, nymph or 
adult. Experimentally by Aedes aegypii 
L. (to guinea pig and horse, preinfective 
period 4 to 5 days; insects retain virus for 
duration of life; not to eggs i)f infected 
mosquitoes; not passed from males to 
females or by males from female to fe¬ 
male), A. albopictuSf A. atropalpus^ A. 
cantaioTy A, doraalisj A. nigrurnaculiSf A. 
aollicitanSj AAaeniorhynchus, A . triseria- 
iuSj and A. rexans (CULICIDAE), 
Triatoma aanguianga (I..e Conte) (RE- 
DUVIIDAE) has been found infected 
in nature and lias transmitted virus ex'- 
perimentally to guinea pigs. The Ameri¬ 
can dog tick, Dermacenior variabilis Say 
[IXODIDAE) has been infected by 


inoculation, not by feeding; it has not 
been shown to transmit. 

Serological relationships: Neutralizing 
antibodies are formed as a result of vac¬ 
cination with inactive, formolized virus; 
antigenicity of formalin-inactivated virus 
as well as of active virus is blocked in the 
presence of antiserum. In rabbit, cere¬ 
bral resistance is coincident with pres¬ 
ence of neutralizing antibody in spinal 
fluid. In guinea pig, therapy with spe¬ 
cific antiserum ineffective if begun after 
onset of encephalitis; effective if begun 
within 24 to 48 hours of peripheral inocu¬ 
lation. No cross neutralization reaction 
with lymphocytic choriomeningitis virus, 
Japanese B encephalitis virus or St. Louis 
encephalitis virus. ^Constituent strains 
(typical Western and Eastern) do not 
give cross neutralization reactions, but 
do show the presence of common antigens 
by cross reactions in complement fixation 
not shared with such other viruses as 
Japanese B encephalitis virus, St. Louis 
encephalitis virus, West Nile encepha¬ 
litis virus, lymphocytic choriomeningitis 
virus. Sera of human cases may be nega¬ 
tive by complement fixation tests a few 
days after onset, yet strongly strain- 
specific during second week of illness. 

Immunological relationsliips: Young of 
immunized guinea pigs arc immune to 
homologous strain at. least a month after 
birth. No cross immunity between 
Western and l*]astern strains of equine 
encephalitis virus 

Thermal inactivation : At 60° C‘, not at 
Ob'* in 10 minutes. 

Filterability: Passes collodion mem¬ 
branes 66, not 60, millimicrons in average 
f)ore diameter. Passes Berkefeld V, N, 
and W, finest Mandler, and Seitz filters. 

Other properties; Inactivated below 
pH 5.5. Viable at least a year, dry in 
vacuum. Particle diameter estimated 
from filtration experiments to be 20 to 30 
millimicrons. Electron micrographs 
show particles as spherical or disk¬ 
shaped, about 39 millimicrons in diameter 
with round or oval region of high density 
within each; older preparations show 
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comma-shaped particles. Sedimentation 
constant, mean 266.6 X 10“‘* db 6.4 X 
10-(range 262 to 276 X . Specific 
volume 0.864. Molecular weight of lipo- 
nucleoprotein complex behaving as the 
virus calculated as 162 million, approxi¬ 
mately 250 particles giving 60 per cent 
infection; material contains 4 per cent 
carbohydrate. Absorption of ultraviolet 
light reaches a peak at about 2600 A., a 
broad minimum at about 2460 A., and an 
increase at 2200 A. 

Strains: The Western strain (so-called 
Western equine encephalitis virus) may 
be considered as type of a large group of 
variants met in nature; some produce 
clinically milder disease than others 
(Birch, Am. Jour. Vet. Res., jg, 1941, 
221-226); they may change in virulence 
on passage in experimental hosts. The 
Eastern strain (so-called Eastern equine 
encephalitis virus) has been studied ex¬ 
tensively also, and has been found to 
differ from the type strain especially * in 
more rapid course of induced disease in 
the horse; in being experimentally trans¬ 
missible to sheep, pig, dog, cat and the 
European hedgehog; in its localization in 
eastern coast states and absence from the 
area between California and Wisconsin, 
where the type strain is found; in failure 
experimentally to infect A'edes aegypti 
unless inoculated into body cavity by 
needle puncture, whereupon it persists 
and can be transmitted; and in failure of 
cross-neutralization with the western 
strain. A strain produced by serial 
passage in pigeons is reported to have 
caused no obvious reaction in horses but 
to have induced the formation of neu¬ 
tralizing antibodies. A Venezuelan 
strain differs from the type in comple¬ 
ment-fixation reactions; it induces in 
man a mild disease, characterized by 
malaise, fever, headache or drowsiness, 
and uneventful recovery (Casals et al.. 
Jour. Exp. Med., 77, 1943, 621-530). 

Literature: Bang, Jour. E.xp. Med., 
77,1943, 337-344; Bauer et al., Proc. Soc. 
Exp. Biol, and Med., 53, 1936, 376-382; 
Beard et al.. Science, 57,1938,490; Birch, 


Am. Jour. Vet. Res., 5, 1941, 221-226; 
Casals and Palacios, Science, 94, 1941, 
330; Covell, Proc. ^c. Exp. Biol, and 
Med., 55,1934,61-63; Cox, ibid., S$, 1936, 
607-609; Cox and Olitsky, Jour. Exp. 
Med., 55,1936,746-766; 54,1936,217-222^ 
223-232; Cox et al., U. S. Pub. Health 
Service, Public Health Kept., 55, 1941, 
1906-1906; Davis, Am. Jour. Hyg., 51 
(C), 1940, 46-69; Eklund and Blumstein, 
Jour. Am. Med. Assoc., Ill, 1938, 1734- 
1736; Feemster, Am. Jour. Public Health, 
55, 1938, 1403-1410; Finkelstein et al., 
Jour. Inf. Dis., 55,1940,117-126; Fother- 
gill and Dingle, Science, 55, 1938, 549- 
560 l; Fothergill et al.. New England Jour. 
Med., 219, 1938,411; Giltner and Shahan, 
Science, 75, 1933, 63-64; Jour. Am. Vet. 
Med. Assoc., 55, (N.S. 41), 1936,363-374; 
Graham and Levine, Am. Jour. Vet. Res., 
5,1941, 430-436; Grundmann et al., Jour. 
Inf. Dis., 75,1943,163-171; Havens et al., 
Jour. Exp. Med., 77,1943,139-163; Higbie 
and Howitt, Jour. Bact., 55, 19^, 399- 
406; Howitt, Jour. Inf. Dis., $6, 1934, 
138-149; 61, 1937, 88-96; 57, 1940, 177- 
187; Science, 55, 1938, 465-466; Howitt 
and Van He rick. Jour, Inf. Dis., 71, 1942, 
179-191; Kelser, Jour. Am. Vet. Med. 
Assoc., 55,1933,767-771; King, Jour. Exp. 
Med., 71, 1940,107-112; 76, 1942,326-334; 
Kitselman and Grundmann, Kansas Agr. 
Exp. Sta., Tech. Bull. 60, 1940, 1-16; 
Merrill and TenBroeck, Jour. Exp. Med., 
55, 1935, 687-695; Meyer et al.. Science, 
74, 1931, 227-228; Mitchell et al., Cana¬ 
dian Jour, Comp. Med., 5, 1939, 308-309; 
Morgan, Jour. Exp. Med., 74, 1941, 115- 
132; Morgan et al., ibid., 76, 1942, 357- 
369; Olitsky et al., ibid., 77, 1943, 369- 
374; Remlinger and Bailly, Compt. rend. 
Soc. Biol., Paris, 121 , 1936, 146-149; 122, 
1936, 618-619; 122 , 1936, 562-563; Sabin 
and Olitsky, Proc. Soc. Exp. Biol, and 
Med., 35, 1938, 597-599; Sellards et al., 
Am. Jour. Hyg., 33 (B), 1941, 63-68; 
Shahan and Eichhorn, Am. Jour. Vet. 
Res., 5,1941, 218-220; Sharp et al., Proc. 
Soc. Exp. Biol, and Med., 61, 1942, 206- 
207; Arch. Path., 35, 1943, 167-176; 
Syverton and Berry, ibid,, 34,1936, 822- 
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824; Jour. Bact., $S, 1937, 60; Am. Jour. 
Hyg., Si (B), 1940, lG-23; 55 (B), 1941, 
37-41; Jour. Exp. Med., 75, 1941, 507- 
529; Taylor et al., Jour. Inf. Die., 67, 

1940, 59-66; 69, 1941, 224-231; 75, 1943, 
31-41; TenBroeck, Arch. Path., 55,1938, 
750 (Abst.); TenBroeck and Merrill, 
Ptoc. Soc. Exp. Biol, and Med., SI, 1933, 
217-220; TenBroeck et al.. Jour. Exp. 
Med., 55, 1935, 677-685; Traub and Ten 
Broeck, Science, 81, 1935, 572; Tyzzer 
and Sdlards, Am. Jour. Hyg., 55 (B), 

1941, 69-81; Tyzzer et al.. Science, 88, 

1938, 505-506; van Roekel and Clarke, 
Jour. Am. Vet, Med. Assoc., 94 (N.S. 47), 

1939, 466-468; Webster and Wright, 
Science, 88, 1938, 305-306; Wesselhoeft 
et al., Jour. Am. Med. Assoc., Ill, 1938, 
1735-1740; Wright, Aip. Jour. Hyg., 55, 

1942, 57-67. 

8. Erro bomehsis spec, nov. From 
Borna, name of a town in Saxony where 
a severe epizootic occurred in 1894 to 
1896. 

Common name: Borna>disea8e virus. 
Hosts: Horse, cow, sheep, perhaps deer. 
Experimentally, also rabbit, guinea pig, 
rat (more susceptible when old than when 
younger), mouse; Macaca rnulaUa (Zim- 
mermann), rhesus monkey. 

Insusceptible species: Ferret, cat, 
pigeon; probably dog. 

Geographical distribution: Wtirtem- 
burg, Germany, North and South Amer¬ 
ica, Hungary, Russia, Belgium, France, 
It^y, Roumania. 

Induced disease: In horse, encephalo¬ 
myelitis characterized by lassitude, in¬ 
difference to external stimuli; later 
intermittent excitement, difficulty in 
mastication and deglutition, spasms in 
various muscles, champing, excessive 
salivation; pupils unequal in size; paraly¬ 
sis of hindquarters, tail, muscles of 
tongue, or muscles of back; temperature 
usually normal; death in 20 to 37 hours 
or, less often, recovery after about 1 to 3 
weeks. Virus may pass placenta and 
iofeet fetus in pregnant animals. 


Transmission: To rabbit, experimen* 
tally by feeding and by injection in- 
tracerebrally, intraocularly, nasally, 
intravenously, subcutaneously, or intra- 
peritoneally; not by living in same cage. 

Immunological relationships: No cross 
immunity conferred by the Western 
strain of equine encephalomyelitis virus. 
Isolate of Borna disease virus from the 
horse immunizes rabbits against isolate 
from sheep, and vice versa. Herpes and 
rabies viruses do not immunize rabbits 
against subsequent infection by Borna 
disease virus. 

Thermal inactivation: At 50 to 57® C in 
30 minutes; at 70® C in 10 minutes. 

Filterability: Passes Berkefeld N and 
Mandler filters, but with difficulty. 
Passes collodion membranes of average 
pore diameter 400 millimicrons readily, 
200 millimicrons with difficulty, 176 milli¬ 
microns not detectibly. May be sep¬ 
arated by differential filtration from 
louping-ill virus, which will pass even a 
125-millimicron membrane. 

Other properties: Particle size esti¬ 
mated from filtration data as 85 to 125 
millimicrons. Optimum pH for stability 
in broth at 15 to 20® C is 7.4 to 7.6; very 
sensitive to greater alkalinity. Viable 
after 327 days dry at laboratory tempera¬ 
tures. Viable at least 6 months in 50 per 
cent glycerine. Inactivated by putre¬ 
faction in 5 days; by 1 per cent carbolic 
acid in 4, not in 2, weeks. 

Literature: Barnard, Brit. Jour. Exp. 
Path., 14 , 1933, 205-206; Coveil, Proc. 
Soc, Exp. Biol, and Med., 55,1934,51-53; 
Elford and Galloway, Brit. Jour. Exp. 
Path., 14) 1033, 196-205; Howitt and 
Meyer, Jour. Infect. Dis., 64, 1934, 364- 
367; Nicolau and Galloway, Brit. Jour. 
Exp. Path,, 8 , 1927, 336-341, and in 
Medical Research Council, Special Re¬ 
port Series No. 121, London, 1928, 90 pp., 
Ann. Inst. Pasteur, 44, 1930, 673-696; 46, 
1930,457-523; Zwick et al., Ztschr. Infek- 
tionskr. parasit. Krankh. Ur Hyg. d. 
Haustiere, SO, 1926, 42-136 ; 55, 1927, 
150-179. 
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Genus 77. Legio gen, nov. 

Viruses of the Poliomyelitis Group, often recoverable from feces of infected hosts, 
probably because of involvement of some part of the alimentary tract; usually there is 
also obvious involvement of some part of the nervous system Generic name from 
Latin legioy an army or legion. 

The type species is Legio debilitans spec. nov. 

Key to the species of genus Legio. 

I. Affecting man (see also IV below). 


II. Latent in, or affecting, mouse. 

III. Affecting birds. 

IV. Affecting swine and swineherds. 

1. Legio debilitans spec, nov. From 
Latin dehilitarey to weaken or maim. 

Common names: Poliomyelitis virus, 
virus of infantile paralysis. 

Hosts: HOMINIDAE—Homo sapiens 
L., man. Experimentally, Cercopithecus 
aethiops sabaeusy green African monkey; 
Macaca mordax; M. mulaitCy the rhesus 
monkey; M. irusy the cynomolgus mon¬ 
key; mona monkey; for some isolates, 
Sigmodon hispidus Say and Ord, cotton 
rat; mouse; guinea pig; white rat. 

Insusceptible species: Sheep (‘^refrac¬ 
tory** but forms neutralizing antibodies), 
chicken. 

Geographical distribution: Almost 
world-wide. 

Induced disease: In man, probably sub- 
clinical in most cases, in view of the 
presence of specific antibodies in sera 
from the great majority of adults in all 
parts of the world; virus probably infects 
some part of the alimentary tract, being 
found in stools of most clinical cases, of 
most apparently healthy contacts, and 
even of some individuals who have recov¬ 
ered from abortive attacks (in one case 
123 days after attack); clinical disease, 
largely in children, is characterized by 
invasion of central nervous system, with 
effects ranging from sore throat, fever. 


1. Legio debilitans. 

2. Legio erebea. 

3. Legio simulans. 

4. Legio rnuris. 

5. Legio gallinae. 

6. Legto suariorum. 

vomiting, and headache to sudden and 
severe paralysis; the muscles most often 
involved are those of the legs, but there 
may be paralysis of abdominal or inter¬ 
costal muscles. Virus not in urine or 
saliva, rarely in nasal washings; more of¬ 
ten in stools of young than of old patients; 
in walls of pharynx, ileum, descending 
colon. Virus has been recovered from 
sewage. Incidence and fatality affected 
by racial characteristics, the first lower 
and the second higher in negroes than in 
whites in the United States. In monkey, 
similar disease, no virus in blood, relapse 
witli reappearance of virus reported; in 
isolated intestinal loops, infection does 
not occur through normal mucosa in 
absence of intestinal contents; disease 
more severe in summer than in autumn, 
in autumn than in winter; more severe in 
older than in younger monkeys; no im¬ 
munity follows inoculation unless obvious 
disease occurs. 

Transmission- Trausmissiun in milk 
has been suspected and at times con¬ 
firmed. Virus has been recovered from 
mixed samples of flies in an epidemic 
area. No definite arthroiiod vector has 
iMjen incriminated. Experimentally, in 
Cercopithecus aethiops sabaeus, the green 
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African monkey, by intracerebral, intra- 
nasal, and intraabdominal inoculation. 

Serological relationships: Specific neu¬ 
tralizing antibodies arise after experi¬ 
mental infection in monkeys, but rein¬ 
fection is not prevented; only a minority 
of human convalescent sera neutralize 
virus in vitro^ the most potent sera prob¬ 
ably being obtained from those with 
transient or light paralysis. Cross neu¬ 
tralization between monkey-passage and 
murine (cotton-rat and mouse) strains. 
No cross-neutralization reaction with 
lymphocytic choriomeningitis virus. Is¬ 
olates differ somewhat antigenically, 
homologous titers being higher than 
heterologous titers in some neutralization 
tests. 

Thermal inactivation: At or below 75® 
C in 30 minutes. 

Filterability: Passes membrane about 
35, not 30, millimicrons in average pore 
diameter. 

Other properties: Infectivity of virus 
maintained well at —76® C or in glycerine 
but poorly when dried or just frozen. 
Inactivated readily by hydrogen 
peroxide. Particle diameter estimated 
as about 12 millimicrons by filtration 
studies. Precipitated by half-saturated 
ammonium sulphate solutions. Electron 
micrographs show elliptical particles 20 
to 30 millimicrons in diameter; impure 
infectious materials show long threads 
20 by 75 to 500 millimicrons in size. 
Component probably virus has sedimenta¬ 
tion constant Sm* * 62 X 10”^* cm per 
sec. per dyne. Inactivated by potassium 
hydroxide, copper sulfate and potassium 
permanganate. Stable from pH 2.2 to 
10.4 for 2 hours at 37° C. 

Literature: Armstrong and Harrison, 
U. S. Pub. Health Service, Public Health 
Kept., 60, 1935, 725-730; Aycock, Am. 
Jour. Hyg., 7, 1927, 791-803; Burnet and 
Jackson, Austral. Jour. Exp. Biol, and 
Med. Sci., 17, 1939, 261-270; IS, 1940, 
361-366; Burnet et al., ibid,, 17, 1939, 
253-260, 375-391; Elford et al.^ Jour. 
Path, and Bact., 40, 1935,135-141; Flex- 


ner. Jour. Exp. Med., 62, 1935, 787-804; 
OS, 1936, 209-226; ^5,1937,497-513; Card, 
ibid,, 71, 1940, 779-785; Gordon and Len- 
nette, Jour. Inf. Dis., 64, 1939, 97-104; 
Harmon, ibid,, 68, 1936,331-336; Heaslip, 
Austral. Jour. Exp. Biol, and Med. Sci., 
16, 1938, 285-286; Howitt, Jour. Inf. Dis., 
61, 1932, 565-573; 55,1933,145-156; Hud¬ 
son and Lennette, Am. Jour. Hyg., 17, 
1933^ 581-586; Jungeblut and Bourdillon, 
Jour. Am. Med. Assoc., 123, 1943, 399- 
402; Jungeblut and Sanders, Jour. Exp. 
Med., 72, 1940,407-436; 75,1942,127-142; 
Jungeblut et al., ibid., 76, 1942, 611-629; 
76, 1942, 31-51; Kessel et al., Am. Jour. 
Hyg., 27, 1938, 519-529; Jour. Exp. Med., 
74, 1941,601-609 ;»Kolmer et al.. Jour. Inf. 
Dis., 61, 1937, 63-68; Kramer et al.. Jour. 
Exp. Med., 69, 1939,46-67; Lennette and 
Hudson, Jour. Inf. Dis., 68, 1936, 10-14; 
Loring and Schwerdt, Jour. Exp. Med., 
76, 1942,395-406; McClure and Langmuir, 
Am. Jour. Hyg., 36, 1942, 285-291; Mel- 
nick. Jour. Exp. Med., 77, 1943, 195-204; 
Moore and Kessel, Am. Jour. Hyg., 38, 
1943, 323-344; Moore et al., ibid., 36, 
1942, 247-254; Morales, Jour. Inf. Dis., 
46, 1930, 31-35; Olitsky and Cox, Jour. 
Exp, Med., 63, 1936,109-125; Paul et al.. 
Am. Jour. Hyg., 17, 1933, 587-600 ; 601- 
612; Jour. Exp. Med., 71, 1940, 765-777; 
Sabin, ibid., 69, 1939, 507-516; Sabin and 
Olitsky, ibid., 68, 1938, 39-61; Sabin and 
Ward, ibid,, 73, 1941, 771-793; 74, 1942, 
519-529; 76, 1942, 107-117; Sabin et al.. 
Jour. Bact., 31, 1936, 35-36 (Abst.); 
Sanders and Jungeblut, Jour. Exp. Med., 
76, 1942, 631-649; Schultz and Gebhardt, 
Jour. Inf. Dis., 70, 1942, 7-50; Schultz 
and Robinson, ibid., 70, 1942, 193-200; 
Stimpert and Kessel, Am. Jour. Hyg., 
29, (B), 1939, 57-66; Theiler,'Medicine, 
20, 1941', 443-462; Theiler and Bauer, 
Jour. Exp. Med., 60, 1934,767-772; Traak 
and Paul, ibid., 68, 1933, 531-544 ; 73, 
1941,453-459; Trask et al., ibid., 77, 1943, 
531-544; Turner and Young, Am. Jour. 
Hyg., 37, 1943, 67-79; Wolf, Jour. Exp. 
Med., 76, 1942,53-72; Young and Merrell, 
Am. Jour. Hyg., 57,1943,80-92. 
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2. Leglo erebea Bpec, nov» From Latin 
erebeua, belonging to the Ix)wer World. 

Common names: Choriomeningitis vi¬ 
rus, lymphocytic choriomeningitis virus. 

Hosts: MURIDAE— Mu8 musculus L., 
gray or white mouse. HOMINIDAE— 
Homo sapiens L., man. CERCOPITHECI - 
DAE—Macaca mvlaita, rhesus monkey. 
Experimentally, also guinea pig; white 
rat; dog (masked); ferret (masked); 
Macaca irns, crab-eating macaque; Syri¬ 
an hamster; chick- or mouse-embryo 
serum-Tyrode solution culture; chick 
embryo. 

Insusceptible species: Pig, rabbit, 
field vole, bank vole, canary, hen, para¬ 
keet. 

Geographical distribution: France, 
England. United States. 

Induced disease : In white mouse, more 
virulent in young than in old individuals; 
infection may take place in uiero or soon 
after birth; some mice become carriers 
after recovery, with virus in organs, 
blood, urine, and nasal secretions; car¬ 
riers are immune to large intracerebral 
inoculations of virus; experimentally, 5 
to 12 days after intracerebral inoculation 
of susceptible mice, somnolence, photo¬ 
phobia, tremors of the legs, tonic spasms 
of muscles in the hindquarters upon 
.st imulation; recovery or death. In man, 
disease may be subclinical at times as 
shown by the fact that some supposedly 
normal sera contain specific antibodies; 
not all clinical cases develop protecting 
autilx)dies against testing strains, so that 
disease may be somewhat commoner than 
can be ascertained readily; in all cases 
benign, but in the more severe of these an 
acute aseptic meningitis; after incubation 
period of 1J to 3 days, spells of fever ex¬ 
tending as long as 3 weeks; late in the 
disease there may be a meningeal reaction 
both clinically and cytologically; lympho¬ 
cytes and some large mononuclear cells 
appear in the meningeal fluids, although 
symptoms remain tenign; there may 
be virus in the blood from the beginning 
of fever to the end of the second week; the 


spinal fluid is not infective at first but 
may become so before there is a change in 
Cell count; urine and saliva remain unin- 
feotious. ’ 

Transmission: In white mouse, by con¬ 
tact with mice infected when young, not 
with those infected when old; nasal 
mucosa considered portal of entry. In 
wild gray mouse of the same species, Mvm 
muse ulus f by contact but less readily 
than in white mouse. Experimentally, 
by mosquito, Aedes aegypti L. (CULICP 
DAE), at 26 to 34® C; by bedbug, Cimex 
lectularius (CIMIDAE), but defecation 
on site of bitten area is essential, bite 
alone being ineffective. Experimentally, 
to guinea pig, by application of virus to 
normal and apparently intact skin; not 
by contamination of food or litter. 

Serological relationships: Serum of 
recovered subjects usually neutralizes 
choriomeningitis virus. Hyperimmune 
serum is ineffective against pseudo-lym¬ 
phocytic choriomeningitis virus and hy¬ 
perimmune serum for that virus is inef¬ 
fective in its turn when used with 
choriomeningitis virus. No cross neu¬ 
tralization with St. Louis encephalitis 
virus. A specific soluble antigen asso¬ 
ciated quantitatively with virus in all 
hosts fixes complement in the presence 
of immune serum; virus does so poorly 
if at all; the anti-soluble-substance anti- 
Ixidies seem to be independent of virus¬ 
neutralizing antibodies. A soluble pro¬ 
tein, readily separable from virus, gives 
a specific precipitin reaction with immune 
serum; antibodies concerned are probably 
not the virus-neutralizing antibodies. 

Immunological relationships: Intra- 
peritoneal injection of about 160 intra¬ 
cerebral lethal doses has been found to 
protect the white mouse against infection 
by subsequent intracerebral injection of 
10,000 lethal doses. The immune mouse 
differs from the immune guinea pig in 
showing no neutralizing antibodies in its 
blood; even the guinea pig may develop 
resistance before antibodies appear in its 
serum. Formalized vaccines made from 
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guinea pig tissues immunize the guinea 
pig but vaccines made from mouse tissues 
do not. 'Mice immune to this virus are 
susceptible to infection with pseudo- 
lymphocytic choriomeningitis virus and 
vice versa. 

Thermal inactivation: At 55 to 56® C 
in 20 minutes. 

Filterability: Passes Berkefeld V, N, 
and W filters and, with difficulty, a Seitz 
asbestos pad. 

Other properties: Infective at least 206 
days in storage at 4 to 10® C in 50 per cent 
neutral glycerine in 0.85 per cent saline. 
Infective particle calculated to be 37 to 
55 millimicrons in diameter on the basis 
of centrifugation studies; 40 to 60 milli¬ 
microns by ultrahltration tests. Inac¬ 
tivated by soap with loss of mouse-im¬ 
munizing capacity. 

Literature: Armstrong and Dickens, U. 
S. Pub. Health Service, Public Health 
Kept., 50, 1935, 831-842; Armstrong and 
Lillie, ihid., 49, 1934, 1019-1027; Arm¬ 
strong and Wooley, ibid., SO, 1935, 537- 
541; Jour. Am. Med. Assoc., 109, 1937, 
410-412; Baird and Rivers, Am. Jour. 
Pub. Health, S8, 1938, 47-53; Casals- 
Ariet and Webster, Jour. Exp. Med., 71, 
1940, 147-154; Dalldorf, ibid., 70, 1939, 
10-27; Dalldorf and Douglass, Proc. Soc. 
Exp. Biol, and Med., S9, 1938, 294-297; 
Findlay and Stern, Jour. Path, and Bact., 
4S, 1936, 327-338; Findlay et al.. Lancet, 
9$0, 1936 (/), 650-654; Howard, Jour. 
Inf. Die., 64, 1939, 66-77; Laigret and 
Durand, Compt. rend. Acad. Sci., 90S, 
1936, 282-284; L5pine and Sautter, Ann. 
Inst. Pasteur, 61, 1938, 519-526; Lupine 
et al., ibid., 204, 1937, 1846-1848; Mac- 
Callum and Findlay, Brit, Jour. Exp. 
Path., 21, 1940, 110-116; Milzer, Jour. 
Inf. Dis., 70, 1942, 152-172; Rivers and 
Scott, Jour. Exp. Med., 6S, 1936,415-432; 
Scott and Elford, Brit. Jour. Exp. Path., 
20, 1989,182-188; Scott and Rivers, Jour. 
Exp. Med., 6$, 1936, 397-414 ;'Shaugnessy 
and Zichis, ibid., 72, 1940, 331-343; 
Smadel and WaU, ibid., 72, 1940,389-405; 
75, 1942, 581-501; Smadel et al., Proc. 
Soc. Exp. Biol, and Med., 40, 1939,71-73; 


Jour. Exp. Med., 70,1939,53-66; 71, 1940, 
43-53; Stock and Francis, ibid., 77, 1943, 
323-336; Traub, Science, 81, 1935, 298- 
299; Jour. Exp. Med., 6S, 1936, 533-546, 
847-861; 04, 1936, 183-200 ; 66, 1937, 317- 
324; 08, 1938, 95-110, 229-250 ; 69, 1939, 
801-817. 

3. Legio slmulans spec. nov. From 
Latin 8m?/^are, to imitate, in reference to 
resemblance of this virus to the preceding 
in many respects, though not in size or 
antigenic properties. 

Common name: Pseudo-lymphocytic 
choriomeningitis virus. 

Hosts: HOMINIDAE—H onto sapiens 
1j., man. Experimental^^ also mouse, 
guinea pig, rhesus monkey; chorioallan¬ 
toic membrane of chick embryo. 

Induced disease: In man, benign asep¬ 
tic lymphocytic meningitis with virus 
in cerebro-spinal fluid; severe frontal 
headache, drowsiness, irritability, vomit¬ 
ing, eventual complete recovery. In 
mouse, experimentally, roughened fur, 
spontaneous tremor, hunched attitude, 
irritability, clonic movements ending 
with tonic convulsions on stimulation, 
temporary recovery from spasm with 
survival a few hours or instant death. 

Serological relationships: Hyperim¬ 
mune sera for lymphocytic choriomenin¬ 
gitis virus are ineffective for this virus, 
and vice versa. In man, after recovery, 
neutralizingantibody is strong at 1 month, 
fading before 7 months. 

Immunological relationships: Mice ac¬ 
quire specific resistance to reinfection 
after experimental disease; mice immune 
to lymphocytic choriomeningitis virus are 
susceptible to pseudo-lymphocytic chori¬ 
omeningitis virus and vice versa. 

Thermal inactivation: At 56® C, not at 
45^ C, in 30 minutes. 

Filterability: Passes Berkefeld V, not 
N, filter candle; Gradacol membrane of 
320, not 300, millimicron average pore 
diameter. 

Other properties: Particle diameter 
calculated to be not above 150 to 225 
millimicrons, from filtration experiments. 
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Viable at least 1 month at 4^ C, at least 
1 year in 60 per cent glycerine, 40 days in 
0.26 per cent phenol, 1 year when dried 
from frozen material. Inactivated by 
0.06 per cent formalin at 4® C in 48 hours; 
by boiling in 6 minutes. 

Literature: MacCallum et al., Brit. 
Jour. Exp. Path., 20, 1939,260-269. 

4. Leglo muris spec. nov. From Latin 
mus, mouse. 

Common names: Mouse-poliomyelitis 
virus, Theiler’s-disease virus. 

Host: M URIDA E — Mus musculus L., 
white mouse. 

Insusceptible species: CERCO- 

PITHECIDAE — Macaca mulaita (Zim- 
mermann), rhesus monkey. 

Geographical distribution: United 
States, Japan, Germany, Palestine; prob¬ 
ably widespread wherever white mice are 
raised. 

Induced disease: In white mouse, 
ordinarily no obvious disease, virus oc¬ 
curring in feces and not being recoverable 
from thoracic or abdominal viscera or 
head (probable source is in abdominal 
wall; virus has been recovered most 
abundantly from intestinal contents, in 
moderate amounts from walls of intestine 
and in smaller concentration from mesen¬ 
teric lymph glands); occasionally, in¬ 
dividual mice show flaccid paralysis of 
hind legs, and brain or spinal-cord sus¬ 
pensions from these contain the virus; 
mice inoculated intracerebrally show 
flaccid paralysis in 7 to more than 30 days, 
first in one limb, later usually in all; the 
tail does not become paralyzed; very 
young inoculated mice may die without 
first showing paralysis; very old inocu¬ 
lated mice may become infected without 
showing obvious disease; some affected 
mice recover and those showing residual 
paralysis may become carriers of virus. 
In affected, experimentally inoculated 
mice, acute necrosis of ganglion cells of 
anterior horn of spinal cord; necrosis also 
of iiDlated ganglion cells of cerebrum. 
Later, marked neuronophagia. Perivas¬ 
cular infiltration in brain and spinal cord. 


The reciprocal of the incubation period 
has been found approximately propor¬ 
tional to the logarithm of tlie amount of 
virus inoculated, thus serving to measure 
the concentration of samples of virus. 
Old mice less susceptible than young. 

Transmission: Experimentally, by in¬ 
tracerebral, intranaSal and intraperi- 
toneal inoculation. Has been found to 
persist in adult flies, Musca domestica L. 
(M use I DAE) and other species, as 
long as 12 days after experimental feed¬ 
ing whereas mouse-adapted human polio¬ 
myelitis virus persists only 2 days in 
Musra domestica and not at all in some 
other species. 

Serological relationships: Sera con¬ 
taining antibodies to the Lansing strain 
of human poliomyelitis virus fail to pro¬ 
tect against mouse poliomyelitis virus. 

Immunological relationships: Recov¬ 
ered mice are immune to various hetero¬ 
logous isolates or strains. No evidence 
of immunological relationship with vims 
of human poliomyelitis has been obtained, 
save that mice paralyzed with mouse 
poliomyelitis virus show some resistance 
to infection with the Lansing strain of hu¬ 
man poliomyelitis virus; this has been 
interpreted as possibly no more than an 
interference phenomenon, since it seems 
to depend on actual paralysis. 

Filterability: Passes Berkefeld N and 
other Berkefeld filters and Chamberland 
Ls filter. 

Other properties: Viable at least 14 
months at —78® C; at least 150 days in 60 
per cent glycerine at 2 to 4® C. Most 
stable near pH 8.0 and pH 3.3. Inac¬ 
tivated readily at 37® C by 1 per cent 
hydrogen peroxide. Particle diameter 
estimated as 9 to 13 millimicrons from 
filtration studies. Sedimentation con¬ 
stant, Sjo* =» 160 to 170 X 10”^* cm per 
sec. per dyne. 

Literature: Bang and Glaser, Am. Jour. 
Hyg., S7, 1943, 320-324; Gahagan and 
Stevenson, Jour. Inf. Dis., 69, 1941, 232- 
237; Gard, Jour. Exp. Med., 72, 1940, 
69-77; Gard and Pedersen, Science, 94, 
1941, 493-494; Gildemeister and Ahlfeld, 
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Cent. f. Bakt., I Abt., Orig., 1938, 
144r-148; Iguchi, Kitasato Arch. Exp. 
Med.} 16, 1939, 66-78; Olitsky, Jour. 
Exp. Med., 76, 1940, 113-127; Theiler, 
Science, 80, 1934, 122; Jour. Exp. Med., 
66, 1937,705-719; Theiler and Card, ibid., 
72, 1940, 49-67, 79-90; Young and Cum¬ 
berland, Am. Jour. Hyg., 67, 1943, 216- 
224. 

5. Leglo gallinae spec. nov. From 
Latin gallina, hen. 

Common names: Avian encephalomye¬ 
litis virus, infectious avian encephalo¬ 
myelitis virus. 

Host: PHASIANIDAE—Gallua gal- 
lu8 (L.), chicken (embryo not suscepti¬ 
ble; in culture media, minced whole 
embryo in serum-Tyrode solution suffices 
to maintain virus, but embryo brain alone 
does not). 

Insusceptible species: All tested spe¬ 
cies other than birds. 

Geographical distribution: United 
States. 

Induced disease: In chicken, One or 
coarse tremors of whole body or only of 
head and neck or of legs; progressive 
ataxia; eyes dull, some loss of weight, 
weakness of legs, and progressive inco¬ 
ordination of leg muscles; somnolence 
precedes death; about 76 per cent die 
within 5 days of onset, 90 per cent within 
a week, the remainder showing a stag¬ 
gering, ataxic gait for weeks, some con¬ 
tinuously tremulous; recovered birds, 
however, may produce eggs well; micro¬ 
scopic focal collections of glia cells, 
perivascular infiltration, degeneration of 
Purkinje^s cells and degeneration of nerve 
cells; foci of infiltration throughout brain 
and spinal cord; virus not detected in the 
blood of affected chickens. 

Transmission: Not through egg. Ex¬ 
perimentally, by intracerebral injection. 

Serological relationships: Specific anti¬ 
serum neutralizes homologous virus but 
not the Eastern strain of equine ence¬ 
phalitis virus; antiserum specific for the 
latter does not neut^lize avian ence¬ 
phalomyelitis virus. 


Filterability: Passes Berkcfdd V and 
N as well as Seitz 1 and 2 filters; also 
membranes 73 millimicrons in average 
pore diameter. 

Other properties: Survives in 50 per 
cent glycerine for at least 88 days and 
frozen for at least 68 days. Infective 
particle estimated to be 20 to 30 milli¬ 
microns in diameter, by filtration studies. 

Literature: Jones, Science, 76, 1932, 
331-332; Jour. Exp. Med., 69, 1934, 781- 
798; Kligler and Olitsky, Proc. Soc. Exp. 
Biol, and Mea., 4S, 1940,680-683; Olitsky, 
Jour. Exp. Med., 70, 1939, 565-582; Olit¬ 
sky and Bauer, Proc. Soc. Exp. Biol, and 
Med., 42, 1939,634-636; Van Roekel et al., 
.lour. Am. Vet. Med. Assoc., 98 (N.S. 46), 
1938, 372-375. 

6. Legio suariorum spec. nov. From 
Latin suarius, swineherd. 

Common name: Swineherds’-disease 
virus. 

Hosts: SUIDAE—Sus scrofa L., 
swine. HOMINIDAE—Homo sapiens 
L., man. Experimentally, with fever as 
only symptom, white rat, cat, ferret, 
mousey perhaps Macaca mvlatta (Zim- 
mermann), rhesus monkey. 

Geographical distribution: Europe. 

Induced disease: In man, a benign 
meningitis without sequelae, somewhat 
similar to lymphocytic choriomeningitis 
in man; cell counts in spinal fluids may 
be as high as 1200 to 1400; 4 to 7 (average 
8) days after infection, fever lasting 3 to 
21 days (average 9); sometimes conjunc¬ 
tivitis, more often a reddish maculo- 
papillose eruption; severe sweating 
frequent; hemorrhagic tendency; blood 
in feces; recovery. Blood, urine, feces 
infectious, not spinal fluid or mucous 
excretions. Especially affecting young 
men, not often old men or women, among 
those having contact with swine or swine- 
producing quarters. 

Transmission: Excreta of pigs, even as 
used for manure, are infective. Experi¬ 
mentally, to man, by subdermal or intra¬ 
muscular injection. 
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Serological relationships: Serum from 
recovered cases neutralizes the virus. 

Immunological relationships: Specific 
immunity follows attack of the disease. 

Filterability: Passes Chamberland Lj 
filter. 


Literature: Durand et al., Compt. rend. 
Acad. Sci., Paris, m, 1936, 830-832,967- 
959, 1032-1034; Arch. Inst. Pasteur de 
Tunis, ae, 1937, 213-227; 228-249; 27, 
1938,7-17. 


Genua III. Formido gen, nov. 

Viruses of the Rabies Group, inducing diseases characterized by involvement of 
the nervous system only. Generic name from Latin/ormido, a frightful thing. 

The type and only recognized species is Formido inexorabilia spec. nov. 


1. Formido inexorabilis spec. nov. 
From Latin inexorabilis, implacable. 

Common name: Rabies virus. 

Hosts: CANIDAE—Canis familians 
L., dog. FELIDAE—Felts catus L., do¬ 
mestic cat; F. negripes, black-footed cat; 
F. ocreata, wild cat. HOMINIDAE— 
Homo sapiens L., man. MUSTELl- 
DAE—Ictonyx orangiae, polecat. SCD 
URIDAE—Geosciurus capensts, ground 
squirrel. VIV ERRIDAE—C yniciis 
penicillata, yellow mongoose (yellow 
meercat); Gcneita felina (Thunb.), genet 
cat; Myonax pulvcrulentus, small, grey 
mong^se; Suricata suricatta, Cape suri- 
cate or common meercat. Cattle, sheep, 
pig, horse, wolf. Cynalopex chama, silver 
jackal. Phyllostorna superciliatum, vam¬ 
pire bat; Desmodus rufus, vampire bat; 
Artibeus planirostris trinitatis, fruit-eat¬ 
ing bat. Experimentally, also Mus mus- 
cuius L., white mouse; Peromyscus polio- 
notus polionotus (Wagner), white-footed 
mouse; tissue cultures of 5 or 6-day-old 
rat- or mouse-embryo brain; chick em¬ 
bryo (allantois not regularly infected, 
but virus regularly reaches brain of em¬ 
bryo without injuring it; chick may hatch 
with titer of 1:100 or 1:1000 in brain). 
Chicken; mouse hawk (RufCO vulgaris); pi¬ 
geon, owl, goose; stork {Ciconia ciconia); 
pheasant {Diardigallus diardi B.P.). 

Insusceptible species: Reptiles, fish. 
No mammal is known to be insusceptible. 

Geographical distribution: Almost 
world-wide; absent only from relatively 
isolated countries or communities. 

Induced disease: In dog, after a short 


incubation period (generally less than 10 
days) altered behavior, hiding, la^k of 
obedience, perverted appetite leading to 
ingestion of straw, paper, earth, and other 
unaccustomed materials; excitement, un¬ 
provoked biting (which may transmit the 
virus to new hosts), aimless wandering, 
excess salivation, progressive inability to 
swallow, alteration of bark to characteris¬ 
tic high pitched tone; staggering, paresis 
of hindquarters tending toward paralysis 
and involvement of anterior parts of the 
body; paralysis of lower jaw, muscular 
spasms, marked emaciation, death except 
perhaps in rare instances. In man, after 
a relatively long incubation period de¬ 
pending on site of implantation (perhaps 
27 to 64 days), a uniformly fatal disease, 
characterized by altered behavior, in¬ 
creased excitability, thirst, pharyngeal 
spasm with progressive inability to swal¬ 
low, labored and noisy respiration, death 
in 3 or 4 days after onset, with or without 
paroxysm. In sheep, increased sexual 
desire; tendency to pull wool from other 
sheep or themselves; light butting, in¬ 
creasing until some ew’es, after violent 
exercise, appear to faint; prostration 
within 1 to 4 days; death within 2 days 
from onset of locomotory paralysis. In 
mouse, experimentally, by intracerebral 
inoculation, apathy, sluggishness, rough¬ 
ening of hair, tremor, convulsions, pros¬ 
tration, death; sometimes flaccid 
paralysis of hind legs before death. 

Transmission: Usually by bite of dog 
or some closely related animal; occa¬ 
sionally by bites of cats; rarely by bites 
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of rabid horses or cattle. Not by con¬ 
tamination of food. In Brazil and Trini¬ 
dad, probably by the vampire bat, which 
has been found infected in nature. 

Serological relationships: Specific floc¬ 
culation of rabies virus occurs in the 
presence of immune serum from rabbit 
or guinea pig; strains differ in relative 
amounts of antigenic constituents, as 
shown by absorption tests. Comple¬ 
ment fixation occurs in the presence of 
virus and guinea-pig antiserum. Neu¬ 
tralizing antibodies are specific. 

Immunological relationships: Virus ex¬ 
posed to ultraviolet light tends to lose its 
virulence before its immunizing potency. 
Passive immunization succeeds in white 
mice if antiserum is injected intracere- 
brally i hour before, but not 24 hours be¬ 
fore or 2 hours after, virus. Chloroform- 
treated vaccines more effective than 
phenolized vaccines, but irritative. 

Thermal inactivation: At 60 to 70® C in 
15 minutes; in brain tissuesi, at 45® C in 
24 hours. 

Filterability: Passes Berkefeld V filter. 

Other properties: Viable at least 2 
months at 5® C in liquid or dry state. In¬ 
fective particle between 100 and 240 milli¬ 
microns in diameter, by filtration studies. 

Literature: Bernkopf and Kligler, Brit. 
Jour. Exp. Path., 18, 1937,481-485; Casals, 
Jour. Exp. Med., 7^, 1940, 445-451, 453- 
461; Covell and Banks, Am. Jour. Path., 
8, 1932, 557-572; Dawson, Science, 89, 
1939, 300-801; Am. Jour. Path,, 17, 1941, 
177-188; Galloway, Brit. Jour. Exp. 
Path., 16, 1934,97-105; Goodpasture, Am. 
Jour. Hyg., 1, 1925, 547-882; Haupt and 
Rehaag, Ztschr. f. Infektionskrankh., 88, 


1921, 76-88, 104-127; Havens and May- 
field, Jour. Inf. Bis., 60, 1932,367-376; 61, 
1932, 511-518; 68, 1933, 364-373; Hender¬ 
son, Vet. Med., 37, 1942,88-89; Hodes et 
al.. Jour. Exp. Med.', 78, 1940, 437-444; 
Hoyt et al.. Jour. Inf. Bis., 69, 1936,152- 
158; Hurst and Pawan^ Lancet, 881, 1931 
(8), 622-628; Jour. Path, and Bact., 36, 
1932, 301-321; Johnson and Leach, Am. 
Jour. Hyg., 38 (B), 1940, 38-45; Kligler 
and Bernkopf, Proc. Soc. Exp. Biol, and 
Med., 39, 1938, 212-214; Am. Jour. Hyg., 
33 (B), 1941, 1-8; Leach and Johnson, 
ibid., 38 (B), 1940, 74-79; Metivier, Jour. 
Comp. Path, and Therap., 48, 1935, 245- 
260; Peragallo, Giorn. di batteriol. e im- 
munol., 18, 1937, 289-290; Snyman, On- 
derstepoort Jour. Vet. Sci. and Anim. 
Indust., 16, 1940, 9-140; Webster, Am. 
Jour. Pub. Health, 86, 1936, 1207-1210; 
Jour. Exp. Med., 70, 1939 , 87-106; Am. 
Jour. Hyg., 30 (B), 1939, 113-134; Web¬ 
ster and Casals, Jour. Exp. Med., 71, 
1940, 719-730; 73, 1941, 601-615 ; 76, 1942, 
185-194; Webster and Clow, ibid., 66, 
1937, 125-131; Wyckoff, Am. Jour. Vet. 
Res., 8, 1941, 84-90. 

Note: The Negri body, a character¬ 
istic cell-inclusion in rabies, has been 
given the following names under the sup¬ 
position that it represents stages in the 
life cycle of a protozoan parasite responsi¬ 
ble for the disease: Neurorycies hydropho- 
biae by Calkins, Jour. Cutaneous Diseases 
including Syphilis, 86, 1907, 510; Encepha- 
litozoon rabiei by Manouelian and Viala, 
Ann. Inst. Pasteur, 38, 1924, 258; and 
Glugea lyssae by Levaditi, Nicolau and 
Schoen, Ann. Inst. Pasteur, 40, 1926,1048. 
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FAMILY IV. CHARONACEAE FAM. NOV. 

Viruses of the Yellow-Fever Group, inducing diseases mainly characterized by fever 
and necrosis of tissues in the absence of obvious macule, papule, or vesicle formation 
or of conspicuous involvement of nerve cells. 


Key to the genera of family Charonaceae. 

I. Viruses of the Typical Yellow-Fever Group. 

Genus I. Charon^ p. 1265. 

II. Viruses of the Influenza Group. 

Genus II. Tarpeia, p. 1268. 

III. Viruses of the Hog-Cholera Gnmp. 

Genus III. Tortor, p. 1275. 

Genus I. Charon gen. nov. 

Viruses of the Typical Yellow-Fever Group, inducing diseases mainly characterized 
by acute non-contagious fever. Vectors dipterous insects, so far as known. Generic 
name from Latin Charon^ ferryman of the Lower World. 

The type species is Charon evagatus spec. nov. 


Key to the species of genus Charon. 


I. Vectors mosquitoes. 


1. Charon evagatus. 

II. Vectors unknown, perhaps mosquitoes. 

2. Charon vallts. 


1. Charon evagatus spec. nov. From 
Latin evagor, to spread abroad. 

Common name: Yellow-fever virus. 

Hosts: ROM INIDAE—Homo sapiens 

L. , man. Experimentally, also Cerco- 
pithecus tantalus Ogilby; C. aethwps^ 
African guenon (symptomless); Cerco- 
cehus torquaius (Kerr), collared manga- 
bey; Mus musculus L., mouse; Microlus 
agrestiSf field vole; Sciurus vulgaris L., 
red squirrel; Macaca mulatta (Zimmer- 
mann), rhesus monkey; Macacus stmeus 
Indian crown monkey; Af. cynomolgus; 

M. speciosus ; Erinaceus europaeuSy hedge 
hog; Gallus gallics (L.), chicken (tol- 
jerant); Dasyprocta agutiy agouti (serial 
passage fails). 

Insusceptible species : Cal, ferret, rab¬ 
bit,' rat; Crtcetus auratus, golden ham¬ 
ster; Apodemus sylvaticus, wood vole; 
Evotomys glareoluSy bank vole; pigeon, 
canary,'pipistrelle bat; Cricetomys gam- 
hianus, pouched rat; dog, goat. 

Geographical distribution: Tropical re¬ 


gions in general, especially Central and 
South America, West Indies, West 
Africa; anti-mosquito campaigns have 
tended to eradicate yellow-fever virus 
from parts of its former range. 

Induced disease: In man, mild cases 
may occur, esi)ecially in natives where the 
disease is endemic, but in Europeans 
generally sudden fever without marked 
change in pulse rate after a 3 to 6-day 
incubation period; severe fiontal head¬ 
ache, pains in the loin and legs and epi¬ 
gastric pain; gradual decrease in tem¬ 
perature to 98 or 99® F, weakening of 
pulse and slowing of heart beat in the 
absence of further temperature changes; 
jaundice, especially in sclerae, often in 
skin; albumen in urine, later bile-pig¬ 
ments also present; hemorrhages frequent 
especially in alimentary canal; fatty and 
necrotic changes in the liver; acute 
degenerationof renal pa/enchyma, splenic 
congestion; death may occur in the early 
acute state, but is more likely about the 
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fifth or sixth day; relapses may occur 
until 2 or 3 weeks after onset; case mor¬ 
tality varies from 10 to 90 per cent in 
different epidemics. A transitory im¬ 
munity due to transfer of serum anti¬ 
bodies through the placenta protects 
offspring of immune mothers for a short 
time. 

Transmission: By mosquitoes, A'idea 
aegypii L., Aides leucocelaemus (D. 
and S.), Haemogogus capricorni Lutz 
(CULICIDAE), The mosquito Aides 
aegypti becomes infective, after feeding 
on a suitable virus source, in 4 days at 
37® C, 5 days at 36® C, 6 days at 31® C, 8 
days at 25.1® C, 9 to 11 days at 23.4® C, 
18 days at 21® C, and 36, not 30, days at 
18® C; virus in head, thorax, and ab¬ 
domen before bites are infective; no 
evidence of transmission of virus through 
eggs to offspring or to larvae eating in¬ 
fected adults. Experimentally, also by 
Aides scapularis (Rondani), A. fluviatilis 
(Lutz), A. luteocephaluSf A. apico^an- 
nvlatus (CULICIDAE). Experimen¬ 
tally! by feeding, to Macaca mulatta and 
Cercopithecus aethiops; by rubbing in¬ 
fected blood into intact and unshaved 
skin of monkeys. 

Serological relationships: Complement- 
fixation and precipitating antibodies arc 
specific. 

Immunological relationships: A specific 
immunity develops after an attack of the 
disease or after vaccination with virus 
grown in media containing tissues of chick 
embryo minus head and spinal cord. 

Thermal inactivation: At 55 to 60® C, 
not at 50® C, in 10 minutes. 

Filterability: Passes membranes of 55, 
and to some extent membranes of 50, 
millimicron average pore diameter. 
Passes Berkefeld V and N, as well as 
Chamberland F, filters. 

Other properties : Particle estimated 
from filtration data to have a diameter of 
17 to 28 millimicrons; by ultracentrifuga¬ 
tion data, 19 millimicrons. Inactivated 
or inhibited by 30-minute exposure to 
1:15 formalin, 1:6 ethyl alcohol; 1:300 


yellowish eosin, 1:50 sodium oleate, 1:200 
liquor cresolis composiius; viable after 
30-minute exposure at 30® C to 1:7600 
mercuric chloride, 1:150 phenol, 1:15(X) 
hexylresorcinol, 1:150 sodium oleate. 
Sedimentation constant between 18 and 
30 X 10~“ cm per sec. per dyne. Viable 
in 50 per cent glycerine at 2 to 4® C for 58, 
not for 100, days; in mouse brain at — 8® C 
for 160 days. Viability may be lost on 
simple drying but retained if drying is 
carried on in vacuo over a desiccating 
agent. 

Strains: Distinctive strains liave been 
isolated. One, to which much study has 
been given, differs from the typical vis- 
cerotropic strain by possessing marked 
neurotropic or pantropic characteristics. 

Literature: Bauer and Hughes, Am. 
Jour. Hyg., 1935, 101-110; Bauer and 
Mahaffy, ibid., le, 1930, 155-174; 175- 
195; Bugher and Cast-Galvis, ibid., S9f 
1944, 58-66; Bugher et al., ibid., 39, 1944, 
16-51; Davis, ibtd., 16, 1932, 163-176; 
Davis and Shannon, ibid., 11, 1930, 335- 
344; Davis ct al., Jour. Exp. Med., 68, 
1933, 211-226; Findlay, Jour. Path, and 
Bact., 38, 1934, 1-6; lancet, 337, 1934 
(2), 983-985; Findlay and Clarke, Jour. 
Path, and Bact., 40 , 1935, 55-64; Findlay 
and MacCallum, Brit. Jour. Exp. Path., 
19, 1938, 384-388; Jour. Path, and Bact., 
49, 1939, 53-61; Findlay and Mackenzie, 
ibid.', 46, 1936, 205-208; Findlay and 
Stern, ibid., 40, 1935, 311-318; Fox and 
Cabral, Am. Jour. Hyg., 37, 1943, 93-120; 
Frobisher, Am. Jour. Hyg., 11, 1930, 300- 
320; 13, 1931, 585-613; 14, 1931, 147-148; 
18, 1933, 354-374; Goodpasture, Am. 
Jour. Path., 8, 1932, 137-150; Haagen, 
Deutsch. med. Wochnschr., 60, 1934, 
983-988; Hudson, Am. Jour. Path., 4, 
1928, 395-430; Klotz and Simpson, ibid., 
3, 1927, 483-488; Laemmert and Mous- 
satch6. Jour. Inf. Dis., 73, 1943, 228-^231; 
Lloyd et al.. Am. Jour. Hyg., 18, 1933, 
323-344; Trans. Roy. Soc. Trop. Me<i. and 
Hyg., 39, 1936, 481-529; Mahaffy et al., 
Am. Jour. Hyg., 18, 1933,618-628; Pickels 
and Bauer, Jour. Exp. Med., 71, 1940, 
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703^717; Ramsey, Am. Jour. Hyg., IS, 
1931, 120-163; Sawyer, ibid,, U, 1937, 
221-231; Shannon et al.. Science, SS 
1938, 110-111; Smith and Theiler, Jour. 
Exp. Med., SS, 1937,801-808; Smith et al.. 
Am. Jour. Trop. Med., 18, 1938, 437-468; 
Soper and De Andrade, Am. Jour. Hyg., 
18, 1933, 588-617; Soper et al., ibid., 18, 
1933, 555-687; 19, 1934, 549-566; S7, 1938, 
351-363; Stefanopoulo and Wassermann, 
Bull. Soc. Path. Exot., S6, 1933, 557-659 ; 
Stokes et al., Am. Jour. Trop. Med., 8 
1928, 103-164; Theiler, Ann. Trop. Med. 
and Parasit., H, 1930, 249-272; Theiler 
and Smith, Jour. Exp. Med., 66, 1937, 
767-786, 787-800; Whitman, ibid., 66, 
1937, 133-143. 

2. Charon vallis spec. nov. From La> 
tin vallis, valley. 

Common name : Rift Valley fever virus. 

Hosts: HOMINIDAE—Homo sapiens 
L., man. BOV I DAE—Bos iaurus L., 
cow; Ovis aries L., sheep; Capra htrcus 
L., goat. Experimentally, also Sciurus 
carolinensis, grey squirrel; ferret; Crice- 
tuLS auratus, golden hamster; Apodemus 
sylvaticus, wood mouse; Microtus agrestis 
field vole; Muscardinus avellanarius, dor- 
mo ttge; rat; mouse; Macaca mulatta; M. 
irus; Cebus fatuellus; C. chrysopus; 
Hapale jacchus; //. penicillataCerco- 
pitkecus callitrichus (symptomless); Ery- 
ihrocebus patas (symptomless); Cerco- 
cebus fuliginosus (symptomless); chick 
embryo in Tyrode’s solution; chorioallan¬ 
toic membrane of chick embryo. 

Insusceptible species; Horse, pig. 

Geographical distribution: British East 
Africa. 

Induced disease: In man, benign dis¬ 
ease; after 5} to 6 days, rigors, pains in 
back, fever for 12 to 36 hours, followed by 
recovery, with persistence of acquired 
immune bodies as long as 4 to 5 years 
after infection. In sheep (lambs), dull¬ 
ness, rapid respiration, collapse and death 
in a few hours or a chronic course; focal 
necrosis in liver. In chorioallantoic 
membrane of chick embryo, experimen¬ 


tally, areas of hyperplasia ahd of necrosis; 
connective tissue inflamed nearby; liver 
of embryo mottled with necrqtic areas. 

Transmission: Not by contacts. Mos¬ 
quito, TaeniorhynchusbreviptUpia (CUL- 
ICIDAE), suspected as possible vector. 

Serological relationships: Antisera for 
psittacosis, dengue fever, and sandfly 
fever viruses fail to protect against infec¬ 
tion with Rift Valley fever virus. Spe¬ 
cific neutralizing antibody in intraperi- 
toneally neutral mixture with Rift Valley 
fever virus may be dissociated so as to 
free virus by direct dilution in.saline 
solutions, by intranasal inoculation, or by 
employment of a small dose, all methods 
probably implying a dilution effect. 

Immunological relationships: No cross 
immunity with yellow-fever or dengue- 
fever viruses. If Rift Valley fever virus 
is inoculated into rhesus monkey simul¬ 
taneously with yellow-fever virus, the 
animal tends to be protected against 
death from yellow fever (interference 
effect), but one-day earlier inoculation 
of Rift Valley fever virus does not 
protect. 

Thermal inactivation: At 66® C in 40, 
not 20, minutes. . 

Filterability: Passes Berkcfeld V, N, 
and W filters; passes Chamberland Li, 
Li, Lfi, Lt, Lit and occasionally Ln filters; 
passes membranes 150 millimicrons in 
average pore diameter freely, 90 milli¬ 
microns with difficulty, 70 millimicrons 
not at all. 

Other properties: Viable at least 8 
months at 4® C, more than 4 weeks dry in 
liver tissues, 6 months in } per cent 
carbolic acid at 4® C. Diameter of in¬ 
fective particle estimated from filtration 
studies to be between 23 and 35 milli¬ 
microns. 

Strains: A neurotropic strain im¬ 
munizes lambs without producing obvious 
illness, if given subcutaneously. 

Literature: Broom and Findlay, Brit. 
Jour. Exp. Path., H, 1933, 179-181; 
Daubney et al.. Jour. Path, and Bact., 
54, 1931, 545-579; Findlay, Trans. Roy. 
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Soc. Trop. Med. and Hyg., 1932, 229- 
266; 1932, 157-160; 161-168; Brit. 

Jour. Exp. Path., 17j 1936, 89-104; Find¬ 
lay and MacCallum, Jour. Path, and 
Bact., 1937, 405^24; Findlay and 
Mackenzie, Brit. Jour. Exp. Path., 17, 
1936, 441-447; Findlay et al., ibid,, 17, 
1936, 431-441; Francis and Magill, Jour. 
Exp. Med., 62, 1935, 433-448; Horning 


and Findlay, Jour. Roy. Micr. Soc., S4, 
1934, 9-17; Mackenzie, Jour. Path, and 
Bact., S7, 1933, 75-79; 40, 1935, 65-73; 
Mackenzie et al., Brit. Jour. Exp. Path., 
17, 1936, 352-361; Saddingtdn, Proc. Soc. 
Exp. Biol, and Med., SI, 1934, 693-694; 
Schwentkerand Rivers, Jour. Exp. Med., 
69, 1934, 305-313. 


Genus 11, Tarpeia gen. nov. 

Viruses of the Influenza Group, inducing diseases characterized principally by 
involvement of the respiratory tract. Generic name from Latin Tarpeia, name of a 
Roman maiden who treacherously opened a citadel to an enemy. 

The type species is Tarpeia alpha spec. nov. 


Key to the species 

I. Infecting man principally. 


II. Affecting feline species. 

III. Affecting domestic cattle (calves) 

IV. Affecting canine species. 


V. Affecting ferrets. 

VI. Affecting domestic fowl. 


1. Tarpeia alpha spec. nov. From first 
letter of Greek alphabet. 

Common name: Influenza A virus; 
swine filtrate-disease virus. 

Hosts : HOMINIDAE—Homo sapiens 
L., man. SUIDAE—Siis scrofa L., do¬ 
mestic swine. Experimentally, also fer¬ 
ret, mouse, Macaque irus, hedgehog, 
rabbit (inapparent infection), guinea pig 
(inapparent infection), rat (inapparent 
infection); Musiela sibirica Milne-Ed- 
wards, Chinese mink; Sciurotamius da- 
vidianus Milne-Edwards, David’s squir¬ 
rel ; chick embryo (some strains produce 
visible lesions at 36.5® C on chorioallan¬ 
toic membrane); minced chick embryo 
in Tyrodeos solution. 


of genus Tarpeia. 

1. Tarpeia alpha. 

2. Tarpeia beta. 

3. Tarpeia premens. 

4. Tarpeia felis. 

5. Tarpeia viiulae. 

6. Tarpeia canis. 

7. Tarpeia vulpis. 

8. Tarpeia viverrae, 

9. Tarpeia avium. 

Insusceptible species: Callosciurus 
caniceps canigenus Howell, Chekiang 
squirrel; Eutamias asiaticus senescens 
Miller, chipmunk. 

Geographical distribution: World-wide. 
Induced disease: In man, headache, 
dizziness, with shivering and muscular 
pains; rise of temperature on the second 
day, sometimes wdth fall on the third and 
elevation again later; often complicated 
by brnnehitis and bronchopneumonia; 
liemorrhagic and edematous lobular con¬ 
st lidation in lungs; virus most easily 
recoverable from nasopharyngeal wash¬ 
ings, but also from nasal secretions and 
lungs. In swine, virus alone produces 
only a mild malady (filtrate disease); 
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in the presence of Haemophilus influenzae 
Buia a severe malady occurs under both 
natural and experimental conditions; it 
involves fever, cough, and prostration; 
many infected animals die. Lungworms, 
Metastrongylus elongaiua and Choero- 
atrongylus pudendotectus {META- 
STRONOYLIDAE), from infected 
swine harbor virus at least 2 years, living 
meantime in earthworms, such as Allolo- 
bophora caliginosa {LUMBRICIDAE)^ 
which are eaten eventually by swine. 
The swine are refractory to viral infection 
during May, June, July, and August, but 
the disease may be invoked later by 
successive intramuscular injections of 
IlaemophtluB influenzae suis or other 
stimuli, such as feeding embryonated 
Ascaris ova. In infected swine, virus oc¬ 
curs in turbinates, tracheal exudates, and 
lungs; not in spleen, liver, kidney, 
mesenteric lymph nodes, brain, blood, or 
mucosa of colon. Neutralizing antibodies 
appear later (7th to 10th day) in the mild 
filtrate disease than in typical swine in¬ 
fluenza, in which they appear about the 
6th to the 7th day; maximum titer on 
14th to 27th day. Experimentally in 
mouse, not contagious as in swine and 
not ‘dependent on the coexistence of a 
bacterial component; death of epithelium 
of respiratory and terminal bronchioles, 
complete epithelial desquamation, dilata¬ 
tion of bronchioles, collapse of alveoli; in 
healing, widespread epithelial prolifera¬ 
tion. Experimentally in ferret, mod¬ 
erate apathy, lack of appetite, pallor of 
nose, variable catarrhal symptoms; at 
acute stage of disease, necrosis of respira¬ 
tory epithelium of nasal mucous mem¬ 
brane, with desquamation of superficial 
cells, exudation into air passages and 
inflammatory reaction in the submucosa; 
repair follows, beginning on the 6th day 
after infection and becoming essentially 
complete at the end of 1 month; after 
recovery, the ferret is immune for 3 
months or more, with subsequent waning 
of resistance; subsequent subcutaneous 
inoculations of virus restore immunity. 


Transmission: Presumably by drop¬ 
lets ; for example between cages of ferrets 
as close as 5 feet apart, even to levels 3 
feet higher than cage of diseased individ¬ 
uals. Experimentally, from washings of 
human throats to ferret, mouse, chick 
embryo (by amniotic route and to allan- 
toic^membrane); in mice, by contact and 
by inhalation of fine droplets. 

Serological relationships: Neutralizing 
antibodies common in human sera from 
individuals above 10 years of age; rarer 
in sera from young children; strongly ef¬ 
fective for homologous, weak for hetero¬ 
logous, virus in convalescent sera. Solu¬ 
ble complement-fixing antigen of swine 
strain has components in common with 
antigens of human strains (PR8 and WS). 
Complement fixation best 10 to 14 days 
after onset in man. Inactivating capa¬ 
city of nasal secretions proportional to 
level of neutralizing antibodies in blood. 
Agglutination of red cells by influenza 
virus is inhibited quantitatively by 
.specific antiserum. 

Immunological relationships: Specific 
immunization of ferrets, without obvious 
disease, occurs as a result of intranasal 
inoculation of egg-passage influenza virus 
that is not transmissible from ferret to 
ferret. In mice, immunizing dose is 
directly proportional to degree of induced 
immunity; immunity to the strain used 
in immunization is more effective in gen¬ 
eral than that to heterologous isolates of 
the virus. 

Filterability: Passes Berkefeld V filter. 

Other properties: Particle size esti¬ 
mated as 80 to 120 millimicrons by filtra¬ 
tion studies; 80 to 99 millimicrons by 
ultraeentrifligation (Sjo* = 724 X 10““ 
cm per sec. per dyne); electron micro¬ 
graphs show bean or kidney-shaped 
particles, or round particles with central 
dense spot, averaging 77.6 millimicrons in 
diameter. Inactivated by oleic, linolic 
and linolenic acids without loss of im¬ 
munizing ability. Inactivated by ultra¬ 
violet radiation. 

Literature: Andrewes and Glover, 
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Brit. Jour. Exp. Path., 22f 1941, 91-97; 
Andrewes et al., ibid., 16, 1935, 566-582; 
Burnet, ibid., 17, 1936, 2^2-293; 18, 
1937, 37-43; 21, 1940, 147-153; Austral. 
Jour. Exp. Biol, and Med. Sci., 14> 1936, 
241-246; 19, 1941, 39-44, 281-290; Eaton, 
Jour. Bact., S9, 1940, 229-241; Eaton and 
Pearson, Jour. Exp. Med., 72, 1940, 
635-643; Eaton and Rickard, Am. Jour. 
Hyg., SS, (B), 1941, 23-35; Elford et al., 
Brit. Jour. Exp. Path., 17, 1936, 51-53; 
Francis, Science, 80, 1934, 457-459; Jour. 
Exp. Med., 69, 1939, 283-300; Francis 
and Magill, Science, 82, 1935, 353-354; 
Brit. Jour. Exp. Path., 19, 1938, 284-293; 
Francis and Shope, Jour. Exp. Med., 6S, 
1936, 645-653; Francis and Stuart-Harris, 
ibid., 68, 1938, 789-802; Francis et al., 
Am. Jour. Hyg., S7, 1943, 294-300; Hirst, 
Jour. Exp. Med., 75, 1942, 49-64; Hirst 
ot al., ibid., 76, 1942, 495-511; Proc. Soc. 
E.xp. Biol, and Med., 60, 1942, 129-133; 
Horsfall and Lennette, Jour. Exp. Med., 
75,1941, 327-333; Hudson et al., ibid., 77, 
1943, 467-471; Hyde, Am. Jour. Hyg., 36* 
1942, 338-353; Lennette and Horsfall, 
Jour. Exp. Med., 75, 1941, 581-599; 
Loosli et al.. Jour. Inf. Dis., 72, 1943, 
142-153; Lush and Burnet, Austral. 
Jour. Exp. Biol, and Med. Sci., 16, 1937, 
375-383; Magill and Francis, Brit. Jour. 
Exp. Path., 19, 1938, 273-284; Nigg et 
al., Am. Jour. Hyg., 54 (B), 1941,138-147; 
Orcutt and Shope, Jour. Exp. Med., 62, 
1935, 823-826; Rosenbusch and Shope, 
ibid., 69, 1939, 499-505; Shope, ibtd., 69, 
1934, 201-211; 62, 1935, 561-572; 54, 1936, 
47-61; 67, 1938, 739-748 ; 74, 1941, 41-47, 
49-68; 77, 1943, 111-126, 127-138; Shope 
and Francis, ibid., 64, 1936, 791-801; 
Smillie, Am. Jour. Hyg., 11, 1930, 392- 
398; Smith et al.. Lancet, 226, 1933 (2), 
66-68; Brit. Jour. Exp. Path., 16, 1935, 
291-302; Smorodintseff and Ostrovskaya, 
Jour. Path, and Bact., 44, 1937, 559-566; 
Stock and Francis, Jour. Exp. Med., 71, 
1940, 661-681; Straub, Jour. Path, and 
Bact., 4^, 1937, 75-78; Stuart-Harris, 
Brit. Jour. Exp. Path., i7,1936, 324-328; 
18, 1937, 485-492; Sulkin et al.. Jour. Inf. 


Dis., 69, 1941, 278-284; Tang, Brit. Jour. 
Exp. Path., 15,1938,179-183; Taylor, (A. 
R.), et al.. Jour. Immunol., Virus Res. 
and Exp. Chemother., 47, 1943, 261-282; 
Taylor, (R. M.), et al.. Am. Jour. Hyg., 
SI, (B), 1940, 36-45; Jour. Inf. Dis., 68, 
1941, 90-96; Wells and Brown, Am. Jour. 
Hyg., 24 , 1936, 407-413. 

2. Tarpela beta spec. nov. From sec¬ 
ond letter of Greek alphal)et. 

Common name : Intluenza B virus. 

Hosts: UOMIN IDAE—Homo sapiens 
L., man. Experimentally, also ferret, 
mouse, chick embryo. 

Geographical distribution: United 
States, England. 

Induced disease: In man, subclinical 
disease or one resembling that induced by 
influenza A virus. In chick embryo, ex¬ 
perimentally, virus increases in entoder- 
mal cells lining allantoic cavity. 

Serological relationships: Not neutral¬ 
ized by antiserum to influenza A virus. 
Specific neutralization and complement- 
fi.xation reactions. Rapidly adsorbed by 
normal chicken-blood red cells (95 per 
cent in 15 minutes); released in 4 hours 
essentially completely; the process is 
then repeatable with fresh rod cells. * 

Other properties: Particle circular or 
bean-shaped in outline, with average di¬ 
ameter of 97.3 millimicrons in electron 
micrographs; of 99.8 millimicrons by 
centrifugation studies. 

Literature: Burnet, Austral. Jour. Exp. 
Biol, and Med. Seif, 19, 1941, 291-295; 
Francis, Science, 92, 1940, 405-408; Proc. 
Soc. Exp. Biol, and Med., 46, 1940, 861- 
863; Hirst, Jour. Exp. Med., 76, 1942, 
195-209; Lush et al., Brit. Jour. P^xp. 
Path., 22, 1941, 302-304; Nigg et al.. Am. 
.lour. Hyg., S6, 1942,265-284; Sharp et al., 
Jour. Immunol., Virus Res. and Exp. 
Chemother., 48, 1944, 129-153. 

3. Tarpeia premens spec. nov. From 
Latin premere, to oppress or aflilict. 

fk)mmon name: Common-cold virus. 

Hosts: HOMINI DAE—Homo sapiens 
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L., man. Experimentally, also chimpan¬ 
zee, chick embryo.. 

Geographical distribution: World-wide 
except in conditions of isolation of small 
communities. 

Induced disease: In man, incubation 
period about 48 hours; mild malady; run¬ 
ning nose in 81 per cent of cases, obstruc¬ 
tion of nostrils in 44 per cent, sudden 
onset in 37 per cent, cough in 31 per cent, 
headache in 19 per cent, sore throat in 14 
per cent, fever in 13 per cent, inflamma¬ 
tion of eyes in 12 per cent ; changes in 
w'eather, especially during a warm season, 
predispose to the disease; no correlation 
between susceptibility and outdoor exer¬ 
cise, exposure to fresh air while sleeping, 
eye color, adenotonsillectomy, or size of 
frontal sinus. Incidence inversely pro¬ 
portional to daily hours of sunshine and 
atmospheric temperature. Fitness (de¬ 
fined by speed of oxygen replacement) 
correlated with relative freedom from 
colds. Pjffcct of rest during disease fav¬ 
orable, reducing complications, length of 
fever, duration of illness, and period off 
duty. 

Immunological relationships • After at¬ 
tack, specific immunity for about 7 weeks 
(minimum period 23 days); then exposure 
to chilling may cause a relapse, but an 
isolated community tends to lose the 
virus during the refractory period. 

Filterability: Passes Berkefeld V and 
W as w'ell as Seitz filters. 

Other properties: Viable at least 13 
days at ice-box temperature, anaerobi¬ 
cally; at least 4 months frozen and dried 
in vacuo. Gum acacia tends to stabilize 
virus in chick-embryo tissue medium. 

Literature: Dochez et al., Jour. Exp. 
Med., 6Sf 1936, 559-579; Doull et al., 
Am. Jour. Hyg., IS, 1931, 460-477; 17, 
1933, 536-561; Gafafer, ibid., IS, 1931, 
771-780; 16, 1932, 233-240, 880-884; Jour. 
Inf. Dis., SI, 1932, 489-492; Gafafer and 
Doull, Am. Jour. Hyg., 18, 1933, 712-726; 
Hyde and Chapman, ibid., 26, 1937, 116- 
123; Kneeland et al., Proc. Soc. Exp. 
Biol, and Med., SS, 1986, 213-215; I^ 


Blanc and Welborn, Am. Jour. Hyg., 2i, 
1936, 19-24; Locke, Jour. Inf. Dis., 60, 
1937,106-112; Long and Doull, Proc. Soc. 
Exp. Biol, and Med., 28, 1930, 53-55; 
Maughan and Smiley, Am. Jour. Hyg., 9 
1929, 466-472; Noble and Brainard, Jour. 
Bact., 29, 1935, 407-409; Palmer, Am. 
Jolir. Hyg., 16, 1932, 224-232; Paul and 
Freese, ibid., 17, 1933, 517-535; Shibley 
et al.. Jour. Am. Med. Assoc., 95, 1930, 
1553-1556; Smiley, Am. Jour. Hyg., 6, 
1926, 621-626; 9, 1929, 477-479. 

4. Tarpeia fells spec. nov. From Latin 
feles, cat. 

Common name: Feline-distemper 
virus. 

Hosts: FELIDAE—Felis catus L., do¬ 
mestic cat; F. pardus, leopard; F. tigrina, 
American tiger cat; F. aurata, African 
tiger cat; F. planiceps, rusty tiger cat; 
F. marmoraia, marbled cat; F. caracal, 
caracal lynx; F. pardalis, ocelot; lion, 
tiger, puma relatively insusceptible. 

Insusceptible species: Man, dog, ferret, 
mongoose, rabbit, rat, mouse, guinea pig. 

Induced disease: In domestic cat, 
coughing, sneezing, running eyes and 
nose, with serous or purulent conjunctivi¬ 
tis, or diarrhea and vomiting; fever to 
103 or 105° F; loss of appetite, general 
weakness; mortality higli, especially 
among young individuals; death usually 
occurs on the 10th to the Pith day, in 
extreme cases, however, as early as the 
5th or as late as the 35th day; catarrhal 
congestion in some part of the gastro¬ 
intestinal tract is typical; this ranges 
from a few small patches in the ileum 
to involvement of t he whole small intes¬ 
tine and parts of the large intestine or 
stomach and esophagus; often enlarge¬ 
ment and congestion of abdominal lymph 
glands, enlargement of spleen, pleurisy, 
and peritonitis. 

Filterability: Passes Berkefeld N and 
Chamberland La filters. 

Tninsraission : By fomite s. 

Immunological relationships: Recov¬ 
ered cats specifically immune. 
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Other properties: Viable at least 3 
weeks in 60 per cent glycerine; attenu¬ 
ated or killed by drying at room tempera¬ 
ture, but some immunization is reported 
if dried virus is injected. 

Literature: Dalling, Vet. Record, 16, 
1935, 283-289; Findlay, Vet. Jour., S9, 
1933, 17-20; Hindle and Findlay, Jour. 
Comp. Path, and Therap., 46, 1932,11-26; 
Verge and (Vistoforoni, Compt. rend. 
Sor. Biol., Paris, 99, 1928, 312-314. 

5. Tarpeia vltulae apec. nov, Fi-oin 
Latin viiula, cow-calf. 

Common name : Pneumoenteritis virus 

Hosts ; BOVIDAE—Bos iaxirus L., do¬ 
mestic cattle. E.xperimentally, also 
MURIDAE—Mus jnusculus L., mouse. 

Geographical distribution: United 
States. 

Induced disease: In cattle (calves), 
after incubation period of 2 to 4 days, 
fever increasing rapidly to 40 or 41° (' 
and lasting 3 to 5 days; usually after first 
day of fever, diarrhea with feces soft, 
yellow, voluminous, fetid in odor, occa¬ 
sionally blood-tinged or fiuid; diarrhea 
is followed by pneumonia and recovery 
after disappearance of fever; catarrhal 
enteritis and a bronchopneumonia usually 
confined to the anterior lobes of the lungs 
underlie the symptoms; no inclusion 
bodies in cells of affected tissues. 

Transmission; By pen contacts with 
infected calves. Experimentally, by in¬ 
tranasal inoculation of calves, using in- 
ocula prepared from lungs of infected 
mice. 

Serological relationships * Recovered 
animals develop neutralizing antibodies. 

Immunological relationships: A specific 
resistance to reinfection is conferred by 
an attack of the disease. 

Filterability: Passes Berkefeld N filter. 

Literature: Baker, Cornell Vet., S9, 
1942, 202-204; Jour. Exp. Med. 78, 1943, 
435-446. 

6. Tarpeia cants spec, nov. From La¬ 
tin cams, dog. 


Common name: Canine-distemper 
virus. 

Hosts: C AN 1 DAE— Cams familiaris 
L., dog; Vulpes sp., fox. MUSTELI- 
ferret. 

Insusceptible species: Man, rabbit, 
guinea pig, white rat, cat. 

Geographical distribution: Widespread 
throughout the world. 

Induced disease: In dog, after 4 days 
from time of infection, fever and a watery 
discharge from the eyes and nose, some¬ 
times inconspicuous but often profuse; 
usually diarrhea and w'asting followed by 
recovery or, exceptionally, death. Virus 
passes from the respiratory tract through 
the blood stream to its favored sites in 
vascular endothelium and cells of the 
reticulo-endothelial system. Nuclear in¬ 
clusions arc found in liver cells, bronchial 
epithelial cells, glandular cellsof the stom¬ 
ach and intestine, and bile-duct epithe¬ 
lial cells; there are also cytoplasmic 
inclusions in bile-duct epithelial cells. 

Transmission: By contact. Probably 
by air-borne droplets. No arthropod 
vector is recognized. 

Immunological relationships: Dead- 
vaccine treatment followed by living- 
virus treatment produces a lasting im¬ 
munity. Virus inactivated by photo¬ 
dynamic effect in 2 mm layer of 1:50,000 
or 1:100,000 methylene blue, exposed 30 
minutes at 20 cm from 100 candle-power 
lamp, still iniinunizes. \’accine may be 
dried. 

Filterability: Passes C’hainberland Lc 
and Mandler filters. 

Other properties : Viable in liver tissue 
at 10° C for 35, not 85, days; in glycerine- 
saline solution at 10° C, 67 days though 
deteriorated; in vacuum-dried liver tis¬ 
sue, at 10° C, 90 days. If dried from 
frozen state, virus is viable in vacuum at 
least 430 days at 7° C, in oxygen-free 
nitrogen at least 365 days at V C. Viable 
in 25 per cent sterile horse serum at —24® 
C more than 693 days. 

Literature: Carr5, Compt..rend. Acad. 
Sci., Paris, m, 1905, 689-690; Dalldorf, 
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Jour. Exp. Med., 70, 1939, 19-27; De 
Monbreun, Am. Jour. Path., IS, 1937, 
187-212; Dunkin and Laidlaw, Jour. 
Comp. Path, and Therap., SO, 1926, 201- 
212. 213-221; Green and Evans, Am. 
Jour. Hyg., SO (B), 1939, 73-87; Laidlaw 
and Dunkin, Jour. Comp. Path, and 
Therap., SO, 1926, 222-230; H, 1928,1-17, 
209-227; Perdrau and Todd, ibid,, 46, 
1933, 78-80; Siedentopf and Green, Jour. 
Inf. Dis., 71, 1942, 253-259; Wharton and 
Wharton, Am. Jour. Hyg., 19, 1934, 
189-216. 

7. Tarpeia vulpis spec, nov. From 
Ijatin vulpes, fox. 

Common name ; Fox-encephalitis virus. 

Hosts: CANIDAE—Vulpes sp., silver 
fox. Experimentally, also some, but not 
all, dogs; coyote. 

Insusceptible species : Gray fox, mink, 
ferret, sheep, laboratory rabbit. 

Geographical distribution: Unite I 
States. 

Induced disease: In fox, after 2 days 
from time of infection, loss of appetite, 
slight nasal discharge; convulsions with 
early death or hyperexcitability, blind 
walking, lethargy, flaccid or spastic paral¬ 
ysis, muscular twitching, fearfulncss, 
weakness, coma and death; many more 
foxes become infected in epizootics than 
show obvious disease, some being symp¬ 
tomless carriers; 12 to 20 per cent fatali¬ 
ties may be experienced among young 
foxes on ranches, 3 to 9 per cent among 
adults. Intranuclear inclusions in vascu¬ 
lar endothelial cells especially in cerebral 
endothelium; sometimes in hepatic cells 
and endothelial cells of liver and kidney; 
no intracytoplasmic inclusions; virus in 
heart blood, spleen, and brain; in carriers, 
virus is believed to persist in focal lesions 
in upper respiratory tract. Experimen¬ 
tally in susceptible dogs, sometimes 
coryza, discharge from eyes and nose 
often purulent, commonly fits of excite¬ 
ment, coma, death; recovery rare; cellu¬ 
lar infiltration in the central nervous sys¬ 
tem, focal necrosis of the liver; specihe 


xm 

intranuclear inclusions in cells of the 
vascular endothelium, meningeal cells, 
reticulo-endothelium, hepatic cells, and 
occasionally in cortical cells of the 
adrenal. 

Transmission: Experimentally, by skin 
scarification, intramuscular injection, in- 
t raphritoneal injection, inoculation of 
cisterna, intratesticular injection, inocu¬ 
lation of nasal cavity; not by corneal 
scarification. 

Immunological relationships: Injec¬ 
tions of this virus afford no immunity to 
subsequent infection by canine distemper 
virus. 

Filterability: Passes Berkefeld N filter. 

Other properties: Viable in 50 per cent 
glycerine for several years, in carcass for 
several days. 

Literature: Barton and Green, Am. 
Jour. Hyg., S7, 1943, 21-36; Green, Proc. 
Soc Exp. Biol, and Med., »S, 1926, 677- 
678; Am. Jour. Hyg., IS, 1931, 201-223; 
Green and Dewey, Proc. Soc. Exp. Biol, 
and Med., S7, 1929, 129-130; Green and 
Evans, Am. Jour. Hyg., 20 (B), 1939, 
73-87; Green and Shillinger, ibid,, 19, 
1934, 362-391; Green et al., ibid,, 12, 
1930, 109-129; U, 1931, 353-373; 18, 193:*, 
162-481; 19, 1934, 343-361; 21, 1935, 366- 
388 ; 24, 1936, 57-70; Lucas, Am. Jour. 
Path., 16, 1940, 739-760. 

8. Tarpeia vlverrae spec, nov. From 
Latin viverra, ferret. 

Common name: Ferret-distemper 

virus. 

Host: MUSTELIDAE—Musiela furo^ 
ferret. 

Insusceptible species: Dog, mouse, rat, 
guinea pig, rabbit. 

Geographical distribution: United 
States. 

Induced disease: In ferret, fever to 
105 or 106® F, lethargy, loss of appetite, 
cohjunctivitis with exudate closing eyes, 
sometimes a purulant nasal discharge, 
weight loss small, sneezing rare, difficulty 
in breathing, death 14 to 56 days after 
inoculation (average 20 days), sometimes 
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preceded by convulsions and other nerv> 
OU8 signs; fatality rate 70 to 100 per cent. 

Transmission: By cage contacts. By 
feeding. Experimentally by intranasal, 
subcutaneous, or intradermal inoculation. 

Immunological relationships: In im> 
munized animals, no cross immunity with 
canine distemper virus nor with human 
influenza virus. 

Thermal inactivation: At 60® C in 30 
minutes. 

Filterability: Passes Berkefeld N filter. 

Other properties : Viable at least 3, but 
not 5, months in 60 per cent neutral gly¬ 
cerine ; at least 4 months when frozen and 
dried in vacuo. 

Literature : Slanetz and Smetana, Jour. 
Exp. Med., dd, 1937, 653-666; Spooner, 
Jour. Hyg., 38, 1938, 79-89. 

9. Tarpeia avium spec. nov. From 
Latin aves, fowl of the air. 

Common names: Laryngotracheitis 
virus; also known as infectious laryn¬ 
gotracheitis virus and as infectious bron¬ 
chitis virus. 

Hosts: PH ASIAN IDAE — Gallus gal- 
lu8 (L.), chicken. Experimentally, also 
PHASIANIDAE—pheasant ; Fi hybrid 
between male Ringneck pheasant and 
female bantam chicken; chorioallantoic 
membrane of developing chicken embryo 
(with macroscopic lesions on membrane 
as a result of proliferative and necrotic 
changes); turkey embryo. 

Insusceptible species: Guinea fowl (no 
evidence of disease on inoculation); white 
rat, guinea pig, rabbit; embryos of pigeon, 
guinea fowl, and duck. 

Geographical distribution: United 
States, Canada, Australia. 

Induced disease: In domestic chicken, 
mostly among pullets and yearling hens, 
loss of appetite, lachrymation from one or 
both eyes, respiratory distress, hemor¬ 
rhagic and mucous exudate in lumen of 
trachea and occasionally in the bronchi; 
death as a result of asphyxiation or, more 
often, recovery; recovered birds occa¬ 
sionally carry the virus in the upper 


respiratory tract for some time (a period 
of 467 days has been recorded); virus is 
not found on eggs during an outbreak in 
a flock, but is always in trachea of an 
affected bird; intranuclear inclusions in 
tracheal lesions; virus has special affinity 
for mucous membrane of eye, nostril, 
larynx, trachea, cloaca, and bursa of 
Fabricius; usually affects more than half 
the birds in a flock, with a mortality of 5 
to 60 per cent (averaging between 10 and 
20 per cent). 

Transmission: By contacts. PiXperi- 
mentally, by intrabursal injection (in 
bursa of Fabricius) or by rubbing the 
mucous membrane in the dorsal region of 
the outer or proctodeal part of the cloaca 
with a small cotton swab moistened with 
a suspension of virus. 

Serological relationships: Serum from 
recovered fowl neutralizes virus; dilution 
tends to reactivate neutralized virus. 

Immunological relationships : Experi¬ 
mental infection of cloaca and bursa of 
Fabricius, especially in 2 to 4-month-old 
birds, immunizes against infection by 
subsequent tracheal inoculation. 

Thermal inactivation: At 55.5.® C in 10 
to 15 minutes; at 60® C in 2 to 3 minutes; 
at 75® C in i to J minute; all tests with 
virus in the presence of tracheal exudate. 

Filterability: Passes Berkefeld V and 
N filters. 

Strains: A Victorian strain has been re¬ 
ported as of low virulence for fowls. 

Other properties: Inactivated in 6 per 
cent phenol in 1 minute; in 3 per cent 
cresol compound in J minute; in 1 per cent 
sodium hydroxide in J minute. Viable in 
tracheal fluid in dark for 76, not 110, days; 
in light for 6, not 7, hours; in buffer solu¬ 
tion at pH 7.4 for 131 days; at 4 to 10®'C 
in dark for at least 217 days; in dried state 
for at least 661 days. Viable in dead 
body at 37® C for 22, not 44, hours; at 13 
to 23® C for 10, not 15, days; at 4 to 10® 
C for 30, not 60, days. 

Literature: Beach, Science, 7B, 1930, 
633-634; Jour. Exp. Med., 64, 1931, 80^ 
816; Jour. Inf. Dis., 57, 1935, 133-136; 
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Beach et al., Poultry Science, IS, 1934, 
21&-226; Beaudette and Hudson, Science, 
76, 1932, 34; Jour. Am. Vet. Med. Assoc., 
86 (N.S. S6), 1933, 460-476; 96, 1939, 333- 
339; Brandly, ibid., 88 (N.S. 40, 1936, 
587-599; Jour. Inf. Dis., 67, 1935, 201- 
206; Brandly and Bushnell, Poultry 
Science, IS, 1934, 212-217; Burnet, Brit. 
Jour. Exp. Path., 16, 1934, 52-55; Jour. 
Exp. Med., 6S, 1936, 685-701; Burnet and 
Foley, Austral. Jour. Exp. Biol, and Med. 
Sri., 19, 1941, 235-240; Gibbs, Jour. Am. 
Vet. Med. Assoc., 81, (N.S. 34), 1932, 
651-654; Massachusetts Agr. Exp. Sta., 


Bull. 295, 1933, ibid.. Bull. Sll, 1934 
Hinshaw et al., Poultry Science, 10 ,1931 
375-382; Hudson and Beaudette, Science 
76,1932, 34; Cornell Vet., 66, 1932,70-74 
Kernohan, California Agr. Exp. Sta.j 
Bull. 494,1930,3-22; Jour. Am. Vet.Med. 
Asdoc., 78 (N.S. SI), 1931, 553-555; 
Komarov and Beaudette, Poultry Sci¬ 
ence, 11, 1932, 335-338; May and Tittsler, 
Jour. Am. Vet. Med. Assoc., 67, (N.S. 60), 
1925, 229-231; Sc halm and Beach, Jour. 
Inf. Dis., 66, 1035, 210-223; Scifried, 
Jour. Exp. Med., 54, 1931, 817-826. 


Genus III. Tortor gen. nov. 

Viruses of the Hog-Cholera Group, inducing diseases characterized by involvemciM 
of many tissues. Generic name from Latin tortor, tormentor. 

The type species is Tortor suis spec. nov. 


Key to the species of genus Tortor. 


I. In mammals. 

A. Infecting swine. 

B. Infecting cattle, 

C. Infecting the horse. 


D, Infecting sheep. 

E. Infecting cat 
II. In birds. 


1. Tortor suis spec. nov. From I^tin 
5W5, hog. 

Common names: Hog-cholera virus, 
swine-fever virus. 

Host: SUIDAE—Sus scrofa L., do¬ 
mestic swine. Warthog (symptomless 
carrier). 

Insusceptible species: Dog, cat, cow, 
horse, donkey, sheep, goat, rabbit, guinea 
pig, mouse, rat, goose, hen, duck, pigeon. 

Geographical distribution: Almost uni¬ 
versal in pig-breeding countries, espe- 


1. Tortor suis. 

2. Tortor bovis. 

3. Tortor equorum. 

4. Tortor eques 

5. Tortor ovis. 

6. Tortor felis. 

7. Tortor galli. 

8. Tortor furens. 

cially in Europe, the British Isles, North 
and South America. 

Induced disease: In swine, after intra¬ 
muscular injection, increased tempera¬ 
ture and prostration within to 3 days; 
later lymph nodes enlarged, sometimes 
hemorrhagic; hemorrhages under capsule 
of kidneys. Virus may remain in blood^ 
of recovered pigs for 10 months. Ac¬ 
quired immunity is lasting, but most 
naturally infected animals die in newly 
infected herds. Virus has been cultured 
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in minced swine testicle on solid serum- 
agar and on egg membrane, increase being 
limited to the living tissues from the 
swine and furnishing inoculum active in 
amounts as small as 10^* ml. 

Transmission: By feeding. Through 
air contamination. Rarely by contact. 
Experimentally, by subcutaneous injec¬ 
tion. Urine highly infective. Virus in 
blood and all tissues early in disease. 

Serological relationships: Immune 
serum affords passive protection. 

Thermal inactivation: At 56® C in 30 
minutes; at 60® C in 10 minutes. At 72® 
C in 1 hour in dried blood. 

Filterability: Passes Berkefeld filter. 

Other properties: Viable in blood in 
cool, dark place at least 6 years. 

Literature: De Kock et al., Onder- 
stepoort Jour. Vet. Sci. and Anim. In¬ 
dust., H, 1940, 31-93; Hecke, Cent. f. 
Bakt., I Abt., Orig., 126, 1932, 517-526; 
Montgomery, Jour. Oomp. Path, and 
Therap., 54,1921,159-191; Rohrer, Arch. 
Tierheilk., 62, 1930, 345-372, 439-462; 
64, 1931,124-143; TenBroeck, Jour. Exp. 
Med., 74, 1941, 427-432. 

2. Tortor bovis spec, nov. From Latin 
hot, cow. 

Common names: Cattle-plague virus, 
virus of pestis bovina, runderpest virus, 
Rinderpest virus. 

Hosts: BOV I DAE — Boa taurua L., do¬ 
mestic cattle; swine, buffalo, zebu cattle, 
sheep, goat, camel, deer. Koedoe, eland, 
bushbuck, duiker, and other antelopes. 

Insusceptible species: Man, solipeds, 
carnivora. 

Geographical distribution: Widespread 
over Asia and the Asiatic islands. At 
times in Western Europe. . Enzootically 
in Turkey. Periodically in North Africa, 
especially in Egypt; at times throughout 
Africa. Not in North America. At 
times in South America, Australia (sup¬ 
pressed quickly). 

Induced disease: In domestic cattle, 
after 3 to 9 days, febrile reaction, restless¬ 
ness, loss of appetite, cessation of rumina¬ 


tion ; fever highest at 5th or 6th day of 
disease, then temperature drops to normal 
or subnormal and diarrhea begins; muzzle 
dry, coat staring, hair dull, skin moist in 
parts; twitching of superficial muscles, 
grinding of teeth, arching of back, glairy 
discharge from nose, redness of mucous 
membranes; restlessness increases, diar¬ 
rhea becomes severe with fetid, blood¬ 
stained or blackish liquid discharges; 
weakness, drooping of ears, occasional 
yawning, coldness of extremities; occa¬ 
sionally excitement precedes weakness; 
skin may become red and moist, showing 
protuberances and vesicles, with matted 
hair; later wrinkling and scab formation; 
conjunctiva red, eyelids swollen, tears 
flowing, followed by mucous, then puru¬ 
lent, discharge; sometimes a cough 
develops and respirations become rapid; 
red spots inside mouth develop into ero¬ 
sions or ulcers, often confluent; pregnant 
animals often abort; milk of cows de¬ 
creases, sometimes becoming yellow and 
watery. Death is sometimes early (1 to 
2 days after first manifestations of dis¬ 
ease), more often delayed (4 to 7 days); 
sometimes animals live 2 or 3 weeks or 
longer. Disease milder and more chronic 
where enzootic; morbidity to 100 per cent 
and mortality to 96 per cent in new areas. 
Recovered animals show a lasting, sterile 
mmunity. Urine, feces, nasal and lach¬ 
rymal discharges, sweat, aqueous humour, 
cerebrospinal fluid, lymph, emulsions of 
viscera and muscles, and blood are infec¬ 
tive during the course of the disease. 

Transmission: By contact, even during 
prodromal period; by contaminated food, 
troughs, or other articles. No insect 
vector is known. 

Immunological relationships r One at¬ 
tack confers a lasting immunity, except 
rarely, when a mild second attack may 
occur. A calf from a diseased mother 
may be resistant if pregnancy was far 
advanced when the disease occurred. 

Filterability: Passes Berkefeld V filter 
candle, with difficulty. 

Other properties: Remains infective at 
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least 2 weeks at 0^ C in virulent blood, 
less than 2 days in hides dried in direct 
sunlight, 3 days in contaminated wool, as 
long as 12 days in meat; is inactivated by 
glycerine, .bile, chloroform, formalin, and 
2 per cent phenol; is virulent at least 25 
days in body of leech, Hirudo boynioni 
Wharton (HIRUDIDAE)^ fed on sick 
animal. 

Literature: Boynton, Philippine Agr. 
Rev., lOf 1917, 410-433; Daubney, Jour. 
Ck>mp. Path, and Therap., 41, 1928, 228- 
248 ; 263-297; Hornby, ibid,, 41, 1928,17- 
24; Pfaff, Onderstepoort Jour. Vet. Sci. 
and Anim. Indust., 11, 1938, 263-330; 16, 
1940, 175-184; Weston, Jour. Am. Vet. 
Med. Assoc., 66 (N.S. 19), 1924, 337-350. 

3. Tortor equorum spec. nov. From 
Latin equtis, horse. 

Common names: Horse-sickness virus, 
African horse-sickness virus, virus of 
pestis equorum, virus of perdesiekte, 
virus of South African Pferdesterbe. 

Hosts: EQ UIDAE—Equus caballus 
L., horse; perhaps E. asinus L., donkey. 
Experimentally, also CANIDAE—Cams 
familiaris L., dog. C AVI IDAE—Cavia 
porcellus (L.), guinea pig. MURIDAE 
—Ratixis norwegicus (Erxleben), wild and 
albino rat; mouse; Angora goat; Mastomys 
concha, multimammate mouse; Tatera 
lobengula, gerbille; chick embryo (but no 
virus in hatched chick). Mule and zebra 
relatively resistant. 

Insusceptible species: HOM IN IDAE 
— Homo sapiens L., man. LEPORI- 
DAE—-Oryctolaguscuniculus (L.), rabbit 
(no observed disease). 

Geographical distribution: Africa, es¬ 
pecially in coastal regions and river 
valleys. 

Induced disease: In the horse, four 
types of disease are recognized. Horse- 
sickness fever, prodromal period 5 to 28 
days, rise of body temperature to 105® F 
in 1 to 3 days, with return to normal 
temperatures in another day or two; 
sometimes loss of appetite, redness of 
conjunctiva, labored breathing, and ac¬ 


celerated pulse; recovery prompt. Dun- 
kop or acute pulmonary horse-sickness, 
prodromal period of 3 to 5 days, severe 
dyspnea, fever, coughing,- frothing at 
nostrils; fever to 106® F, breathing rate 
to 60 a minute, nostrils dilated, head and 
n^ck extended, ears drooping, sweating, 
progressive weakness; often fatal. Dik- 
kop, or cardiac form of horse-sickness, 
prodromal period 5 to 21 days, fever 
develops slowly, lasts long; edematous 
swellings of head and neck, symptoms of 
cardiac dyspnea, sometimes blood spots 
on conjunctiva, mucous membranes of 
mouth and tongue bluish, restlessness; 
sometimes fatal outcome. Mixed form 
of horse-sickness, combining features of 
pulmonary and cardiac types. Horses 
recovering from natural infections are 
known as ^ Wted” and possess heightened 
resistance to the disease. 

Transmission: Not by contact. Mos¬ 
quitoes and biting flies have been sus¬ 
pected as vectors. Experimentally, by 
intravenous or subcutaneous injection. 

Serological relationships: Serologically 
distinguishable strains e.xi8t. 

Immunological relationships: Immun¬ 
ity to homologous strain complete after 
an attack (horse then known as ‘‘salted” 
for that strain), but immunity to hetero¬ 
logous strains incomplete. Antibodies 
absent from young at birth but as high in 
titer as in dam within 30 hours, presum¬ 
ably from colostral milk; declining gradu¬ 
ally over a period of about 6 months. 

Thermal inactivation: At 57.5 to 60® C 
in 10 minutes. 

Filterability: Passes Berkefeld, Cham- 
berland F, and Seitz EK Elters. 

Other properties: Viable dry at least 
15 months. Stable in alkaline solutions 
(to pH 10), unstable in acid (beyond pH 
6.0). Serum-saline solutions preferable 
to saline solutions for storage. Particle 
diameter determined as 40 to 60 milli¬ 
microns (mean 50 millimicrons) by filtra¬ 
tion methods, 45.4 millimicrons by cen¬ 
trifuging. Density 1.25 gm per ml. 
Isoelectric point at pH 4.8. 
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Literature: Alexander, Onderstepoort 
Jour. Vet. Sci. and Anim. Indust., 
1936, 291-322, 323-348, 349-377, 379-388; 
7, 1936, 11-16; 11, 1938, 9-19; Alexander 
and DuToit, ^ 2, 1934, 376-391; 

Alexander and Mason, ibid., 16, 1941, 
19-32; Alexander et al., ibid., 7, 1936, 
17-30; DuToit et al., ibid-, 1, 1933, 21-24, 
25-60; Henning, in Animal Diseases in 
South Africa, Central News Agency, 
Limited, South Africa, 2, 1932, 516-538; 
MTadyean, Jour. Comp. Path, and 
Therap., IS, 1900, 1-20 ; 28, 1910, 27-33, 
326-328; Nieschulz and DuToit, Onder¬ 
stepoort Jour. Vet. Med. and Anim. 
Indust., 8, 1937, 213-268; Poison, ibid., 
16, 1941, 33-50, 51-66; Nature, 148, 1941, 
693-594; Theiler, Deutsch. tier&rztl. 
Wochenschr., 9, 1901, 201-203, 221-226, 
233-237, 241-242; Report for 1905-1906 of 
the Govt. Veterinary Bacteriologist, 
Transvaal Dept. Agr., 1907, 160-162; 
Jour. Comp. Path, and Therap., 2S, 1910, 
315-325. 

4. Tortor equae «pec. nor. From Latin 
equa, mare. 

Common name: Mare-abortion virus. 

Hosts; EQUIDAE—Equua caballus 
L., horse. Experimentally, also Syrian 
hamster (newborn); tissues of human 
placenta grafted on the chorioallantois of 
the chick embryo. 

Insusceptible species: Chicken (em¬ 
bryo ; no observed susceptibility). ^ 

Induced disease: In horse, small, mul¬ 
tiple, grayish white areas of necrosis in 
the livers of aborted fetuses; acidophilic 
intranuclear inclusions in hepatic cells 
around these foci, in epithelial cells of 
bile ducts, and in bronchial epithelium; 
petechial hemorrhages in the heart, 
spleen, and lungs; excess 6uid in the 
thoracic cavity. 

Transmission: By contact. By living 
in contaminated stalls. 

Literature: Anderson and Goodpasture, 
Am. Jour. Path., 18, 1942, 555-561; 
Dimock, Jour. Am. Vet. Med. As^., 96, 
1940, 665-666; Dimock and Edwards, 
Cornell Vet., 26, 1936, 231-240; Goodpas¬ 


ture and Anderson, Am. Jour. Path., 18, 
1942, ^-575; Hupbauer, MUnch. Tier- 
arztl. Wchnschr., 89, 1938, 37-38; Miess- 
ner and Harms, Deutsche Tier&rztl. 
Wchnschr., 48, 1938, 745-748. 

5. Tortor ovls spec. nov. From Latin 
ovia, sheep. 

Common name: Blue-tongue virus. 

Hosts: BOV I DAE—Ovia ariea L., 
sheep; Boa taurua L., cattle. 

Geographical distribution: South 
Africa. 

Induced disease : Both sheep and cattle 
may carry the virus at times without 
obvious manifestations of disease or there 
may be severe manifestations. In sheep, 
experimentally, diffuse hyperemia of 
buccal mucosa, especially of lips; then 
petechiae and ecchymoses followed by 
excoriations and necrosis of the mucous 
membrane, especially on lips, tongue, 
inside of cheeks, dental pad, gums, muz¬ 
zle, and external nares; sometimes deep 
seated necrotic ulcers on tongue de¬ 
veloping from the more usual superficial 
necrotic process; mucoid discharge from 
nostrils, becoming muco-hemorrhagic; 
commonly frothing at the mouth in early 
stages of the disease; frequently redden¬ 
ing of skin of lips and nose; rarely whole 
skin becomes flushed and wool is shed; 
often swelling of vulva with necrotic 
changes on borders and petechiae in 
mucosa; tongue sometimes swollen; lame¬ 
ness common and severe; recovery or 
death. In cattle, edema of lips and 
tongue; hyperemia of oral mucosa; mul¬ 
tiple hemorrhages in skin, lips, mucous 
membrane of the lips, tongue, dental pad, 
buccal cavity, small intestine, myocar¬ 
dium, epicardium, and endocardium, less 
frequently in the trachea, nasal cavity, 
bladder, urethra, pulmonary artery, and 
pleura; localized necrotic areas followed 
by ulceration on lips, gums, the dental 
pad, tongue, mucous membrane of the 
rumen, pylorus of the stomach, and the 
external nares; scattered skin lesions with 
reddening, slight exudation, crusting, 
sloughing of crusts and hair together, 
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mucoid or mucopurulent discharge from 
nostrils; prognosis favorable in mild 
cases, but disease occasionally terminates 
with death. 

Transmission: Not by contact; arth¬ 
ropod vector suspected. 

Other properties: Infective particle 
calculated to be 87 to 105 millimicrons in 
diameter by sedimentation studies, 100 
to 132 millimicrons in diameter by ultra¬ 
filtration. 

Literature: Bekker et al., Onderste- 
poort Jour. Vet. Sci. and Anim. Indust., 
h, 1934, 393-507; De Kock et ai., ibid.y 8, 
1937, 129-180; Henning, in Henning, M. 
W., Animal Diseases in South Africa, 
Central News Agency, Ltd., South 
Africa, 1932, vol. JS, chapter 27, pages 
503-515; Mason and Neitz, Onderstepoort 
Jour. Vet. Sci. and Anim. Indust., IS, 
1940, 149-157; Nieschulz et al., ibid., 2, 
1934, 509-562; Poison, Nature, US, 1941, 
593-594. 

6. Tortor fells spec. nov. From Latin 
feleSf cat. 

Common names: Panleucopenia virus, 
infectious feline agranulocytosis virus, in¬ 
fectious aleucocytosis virus, feline en¬ 
teritis virus. 

Host: FELIDAE—Felis ratvs L., do¬ 
mestic cat. 

Insusceptible species: White mouse, 
guinea pig, domestic rabbit, ferret; 
Citellus richardsonii (Sabine), ground 
squirrel. 

Geographical distribution: United 
States, Germany. 

Induced disease: In cat, variable ef¬ 
fects, some individuals little affected, 
others listless, recumbent, refusing food, 
showing some vomiting, diarrhea, nasal 
and ocular discharges; often death, after 
a few minutes of fibrillary twitching and 
terminal clonic convulsions, before there 
is much loss of weight; sometimes recov¬ 
ery with return of appetite. Profound 
leucopenia and marked relative lympho¬ 
cytosis without thrombopenia or appreci¬ 
able anemia; proliferation of reticulo¬ 
endothelial cells of lymph nodes and 


spleen; intranuclear inclusion in cells of 
gastro-intestinal mucosa, spleen, lymph 
nodes, bone marrow, and bronchial 
mucosa. 

Transmission: Perhaps by nasal drop¬ 
lets or contaminated food. No arthropod 
vector recognized. Experimentally by 
oral, intragastric, cutaneous, subcutane¬ 
ous, intraperitoneal, intravenous, and 
intranasal routes. 

Serological relationships: Sera from 
panleucopenia-immune cats protects 
against agranulocytosis virus. 

Immunological relationships: Cats im¬ 
mune as a result of earlier infection with 
agranulocytosis virus resist later inocula¬ 
tion with panleucopenia virus. Previous 
inoculation ineffective if made with hog- 
cholera virus or fox-encephalitis virus. 

Filterability: Passes Berkefeld V, N, 
and W filters and Seitz EK discs. 

Other properties: Remains active in 50 
per cent glycerine at least 138 days in 
tissues; not inactivated by drying while 
frozen, nor by freezing at about —80® C. 

Literature : Hammon and Enders, Jour. 
Exp. Med., 69, 1939, 327-352; 70, 1939, 
557-564; Kikuth et al.. Cent. f. Bakt., I 
Abt., Orig., 146, 1940, 1-17; Lawrence 
and Syverton, Proc. Soc. Exp. Biol, and 
Med., 38, 1938, 914-918; Lawrence et al.. 
Jour. Exp. Med., 77, 1943, 57-64; Am. 
Jour. Path., 16, 1940, 333-354; Syverton 
et al.. Jour. Exp. Med., 77, 1943, 41-56. 

7. Tortor galli spec. nov. From Latin 
gallus, cock." 

Common names: Fowl-plague virus, 
fowd-pest virus. 

Hosts: Chiefly chicken, turkey, goose. 
Experimentally, also ferret, rhesus mon¬ 
key, hedgehog, pigeon, duck, canary, 
mouse, rat, rabbit. Multiplies in em- 
bryonated hen^s egg; edema, but no dis¬ 
crete primary lesions in chorioallantoic 
membrane. 

Geographical distribution: Widespread 
throughout Europe, North and South 
America, Asia. 

Induced disease: In chicken, loss of 
appetite, tendency to leave companions 
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and seek shade, drooping of wings and 
tail; eyes closed or partly closed; some 
dyspnea; in some cases, edema of head 
and neck; in late stages, sometimes 
cyanosis of comb and skin; staggering, 
twitching, or spasms; fever may disap¬ 
pear and temperature become subnormal 
before death; recovery in about 30 per 
cent of all cases; linear and punctiform 
hemorrhages throughout body. 

Transmission: Method of natural trans¬ 
mission unknown. The fowl louse, OonU 
aides diseimilis (PHILOPTERIDAE), 
has been suspected as vector (Maggiora 
and Tombolato, Rendiconti, Accademia 
delle Scienze delPInstituto di Bologna, 
n.s. F7,1923, 200-203). Experimentally, 
by subcutaneous, intramuscular, and 
intravenous injection. 

Serological relationships: Specific neu¬ 
tralizing antiserum does not react with 
influenza virus. No reaction of fowl- 
plague virus with antisera speciflc for 
canine distemper, influenza, or Rift 
Valley fever viruses. 

Thermal inactivation: At 55® C in 1 
hour in whole blood or brain. 

Filterability; Passes membrane of 
average pore diameter 150, not 100, not 
ordinarily 125, millimicrons. Passes 
Berkefeld and Chamberland filters. 

Other properties: Particle diameter es¬ 
timated by filtration as 60 to 90 millimi¬ 
crons; by centrifugation, as 120 to 130 
millimicrons. Viable after exposure in 
1:10,000 dilution for 10 minutes, in 2 mm 
layer of 1:50,000 methylene blue, 15 cm 
from a 300 candle-power filament lamp. 
Withstands drying. Precipitates from 
salt-free solutions or in presence of half- 
saturated ammonium sulphate solutions; 
virus held to be of globulin nature by 
Mrowka, Cent. f. Bakt., I Abt.,* Orig.,67, 
1912, 249-268. 

Strains: Variant strains have been 
produced by intracerebral passage in 
brains of canaries and mice. 

literature: Bechhold and Schlesinger, 
Biochem. Ztschr., £86, 1931, 387-^14; 
Ztschr. Hyg. Infektionskr., 118, 1931, 


668-679; Burnet and Ferry, Brit. Jour. 
Exp. Path., 16, 1934, 56-64; Centanni, 
Cent. f. Bakt., I Abt., Orig., 81, 1902, 

145- 152, 182-201; Elford and Todd, Brit. 
Jour. Exp. Path., H, 1933, 240-246; 
Findlay and Mackenzie, ibid., 18, 1937, 

146- 155, 258^264; Findlay et al., Jour. 
Path, and Bact., 1937,589-596; L4pine 
Compt. rend. Soc. Biol., Paris, 181, 1936, 
509-510; Mackenzie and Findlay, Brit. 
Jour. Exp. Path., 18, 1937, 138-145; 
Nieschulz and Bos, Cent, f. Bakt., 1 Abt., 
Orig., 181, 1934, 1-6; Plotz and Haber, 
Compt. rend. Soc. Biol., Paris, 186, 1937, 
339-340. 

8. Tortor furens spec. nov. From 
Latin/wrerc, to rage. 

Common name: Newcastle-disease 
virus. 

Hosts: PHASIANIDAfj—Gallus gal- 
lus (L.), domestic chicken. HOMINI- 
DAE—Homo sapiens L., man (by labora¬ 
tory accident). Experimentally, also 
pigeon; chick embryo (with primary 
lesions and cytoplasmic inclusions in 
chorioallantoic membrane). 

Geographical distribution: England, 
probably also East Indies, Korea, Japan, 
India, Australia. 

Induced disease: In chicken, acute, 
febrile, highly contagious, usually fatal 
disease resembling fowl plague; loss of 
appetite, crouching attitude, half closed 
eyes, rapid respirations, watery yellow¬ 
ish-white diarrhea with nauseating odor; 
death usually between 6th and 8th day. 
In man, accidentally infected in labora¬ 
tory by virus sprayed into eye, virus 
recoverable from temporarily inflamed 
eye; recovery in 8 days with gradual in¬ 
crease of specific antibodies in blood. 

Transmission: By contact between 
healthy and diseased birds. 

Serological relationships: Antiserum 
effective in neutralizing homologous 
virus. 

Immunological relationships: Chickens 
immune to infection by fowl-plague virus 
are susceptible to infection by this virus 
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and vice verea. Immunization to this 
virus does not decrease susceptibility to 
comb or mouth form of fowl pox. 

Thermal inactivation: At 60® C in 1 
hour; not at 56® C in 30 minutes. 

Filterability: Passes Berkefeld, Cham- 
berland Ls, and Seitz filters. 

Other properties: Particle diameter 
’ calculated from filtration experiments to 


be 80 to 120 millimicrons. Not inacti* 
vated in 30 minutes in 1:50,000 methylene 
blue solution in 2 mm layer 15 cm from a 
300 candle-power filament lamp. 

Literature: Burnet, Med. Jour. Aus¬ 
tralia, SOf 1943, 313-314; Burnet and 
Ferry, Brit. Jour. Exp. Path., 15, 1934, 
56-64; Doyle, Jour. Comp. Path, and 
Therap., 40 , 1927, 144-169. 
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FAMILY V. TRIFURACEAE FAM, NOV. 

Viruses of the Infectious Anemia Group, inducing diseases mainly characterized by 
disturbances in balance of blood cells. There is a single genus. 

0enu8 Trifur gen. nov. 

With characters of the family. Generic name from liatin trifur^ arrant thief. 

The type species is Trifur equorum svec. nov. 

Key io the species of genus Trlfur. 


I. Affecting horse. 

II. Affecting fowl. 

1. Trifur equorum spec. nov. From 
Latin equus, horse. 

Common name: Equine infectious- 
anemia virus. 

Hosts: EQUIDAE—Equus cahallus 
L., horse; E. asinus.L.f donkey. HO- 
MINIDAE—Homo sapiens L., man. 
Experimentally, also EQ UI DAE—Equus 
asinus X E. cahallus, mule. SUIDAE 
— 8us scrofa L., sWine. 

Insusceptible species: BOV I DAE — 
Bos taurus L., cattle; Ovis aries L., 
sheep; Capra hircus L., goat. CANI- 
DAE—Canis familiar is L., dog. 

Geographical distribution: Europe, 
Union of South Africa, United States, 
Canada, Japan; at times in most parts of 
the world; not Australia. 

Induced disease: In horse, progressive 
anemia with eventual death or clinical 
recovery and retention of virus; disease 
may be acute, subacute, or chronic; in 
acute disease, temperature rise to 104 to 
105® F. or even 106 to 107® F, remaining 
high much of the time until death or 
change to subacute or chronic form; in 
the acute form of the disease there is dull¬ 
ness, decreased appetite, drooping of 
head, flexing of limb not supporting 
weight; sometimes increase in pulse 
frequency to 70 or even 100 a minute but 
oftener rates around 50 a minute; con-, 
junctiva sometimes colored orange, with 
injection of vessels and petechiae, later 
becoming muddy colored or pale red, 
membrane edematous; uncertain gait. 


1. Trifur equorum. 

2. Trifur gallinarum. 

trailing of hind feet, prostration, some¬ 
times death; subacute disease milder and 
with remissions; chronic disease still 
milder, anemia conspicuous, sometimes 
death from debility or at end of a febrile 
attack; blood infective long (3 to 7 years) 
after clinical recovery; urine infective to 
horse by mouth. In man, diarrhea al¬ 
ternating with constipation, herpes-like 
exanthema on abdominal wall, blood 
sometimes in feces; persistent headache, 
temperature normal; later, lumbar pains, 
generalized edema, general debility, loss 
of flesh, pallor of face and mucosae; fil¬ 
tered blood in 1 ml. amount fatal to 
horse, inducing infectious anemia; im¬ 
provement after 2 to 4 years. In swine, 
experimentally, sometimes no outward 
and obvious signs of disease but blood 
abnormal and infective; sometimes severe 
anemia, fever, prostration, loss of appe¬ 
tite. 

Thermal inactivation: At 58 to 60® C 
in 1 hour. 

Filterability: Passes Berkefeld V filter 
candle. 

Other properties: Viable in blood in 
citrate saline at — 2® C for at least a year. 
Drying does not inactivate in 10 days but 
does in 1 month. 

Literature: DeKock, Union of South 
Africa, Dept, of Agr., 9th and 10th Re¬ 
ports for 1923, •Pretoria 1924, 253-313; 
Habersang, Monatshefte fUr prakt. Tier- 
heilk., SO, 1920, 171-176; Kutsche, ibid., 
SO, 1920, ^7-568; Peters, Jour. Am. Vet. 
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Med. Assoc., 66, 1924, 363-366; Theiler 
and Kehoe, Union of South Africa, Dept, 
of Agr., 3rd and 4th Reports of the Direc¬ 
tor of Veterinary Research, 1916,21&-289. 

2. Trlfur galUnarum spec. nov. From 
Latin gallina, hen. 

Common name: Fowl-leucosis virus. 

Host: Gallus gallua (L.), chicken. 

Geographical distribution: United 
States, England, Europe. 

Induced disease: In chicken, neuro¬ 
lymphomatosis, with eye lesions (slate 
gray or bluish color replacing normal bay 
color of iris), anemia, hemocytoblastosis, 
lymphoid, erythroid or myeloid types of 
leucosis; the hemocytoblastosis is fol¬ 
lowed by infiltration of the central ner¬ 
vous system, peripheral nerves, iris, and 
many visceral organs by hemocytoblasts 
and lymphocytes, producing lesions some¬ 
times resembling neoplasms and consist¬ 
ing chiefly of hemocytoblasts (hemocyto- 
blastomata); marrow of radius and ulna 
becomes hyperplastic; virus in blood 
plasma, blood cells, emulsions of organs; 
blood normal in its hydrogen-ion concen¬ 
tration; recovery never complete; some 
stocks less susceptible than others. 

Transmission: By pen contact or con¬ 
taminated litter. Experimentally by in¬ 
travenous injection of cell-free filtrates. 
Not by the mosquitoes, Culex pipiens 
and Aides aegypti [CULICIDAE), Day- 
old chicks from iritis parents contain the 
infective agent and show some form of the 
induced disease in 80 per cent of the 
progeny if both parents show iritis, in 70 
per cent if male is normal, 15 per cent if 
female is normal. 


Serological relationships: Specific neu¬ 
tralizing antibodies are formed in the 
rabbit as a result of injecting infective 
materials partly purified by sedimenta¬ 
tion in the ultracentrifuge. 

Thermal inactivation: At 56^ C in 30 
miputes. 

Filterability: Passes Berkefeld V, N, 
and W filter candles; 1.5 per cent, but not 
often 3 per cent, collodion membranes; 
Seitz asbestos filter. 

Other properties: Viable after drying 
at least 54 days, in glycerine at least 104 
days, at 4® C at least 14 days, at —60® C at 
least 6 months; after freezing and thaw¬ 
ing, and after freezing in liquid air. Not 
viable after 14 days at 37.6® C. Particle 
diameter between 100 and 400 millimi¬ 
crons. 

Literature: Ellermann and Bang, Cent, 
f. Bakt., I Abt., Orig., 46, 1908, ^6, 59fi- 
609; Furth, Proc. Soc. Exp. Biol, and 
Med., 67, 1929,155-167; Jour. Exp. Med., 
6$, 1931, 243-267; 66, 1932, 465-478, 495- 
504 ; 68, 1933, 263-276 ; 69, 1934, 601-617; 
Furth and Miller, ibid,, 66, 1932,479-493; 
Hall et al.. Am. Jour. Vet. Res., F,1941, 
272-279; Jdrmai, Arch, wissensch. u. 
prakt. Tierhielk., 66, 1930, 113-131; 
Johnson, Virginia'Agr. Exp. Sta. Tech. 
Bull. 66, 1934, 1-32; Johnson and Bell, 
Jour. Inf. Dis., 68, 1936, 342-348; Kabat 
and Furth, Jour. Exp. Med., 71, 1940, 
55-70; 74.1941, 267-261; Lee and Wilcke, 
Am. Jour. Vet. Res., 6, 1941, 292-294; 
Lee et al., Jour. Infect. Dis., 61, 1937, 
1-20; Pierce, Am. Jour. Path., 18, 1942, 
1127-1139; Ratcliffe and Stubbs, Jour. 
Inf. Dis., 66, 1935, 301-304. 
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FAMILY VI. RABULACEAE FAM. NOV. 

Viruses of the Mumps Group, characterized in general by a special affinity for 1 i.isue8 
of the salivary glands. There is a single genus, 

Genus I. Rabula gen. nov. 

With characters of the family. Generic name from Latin rabula, pettifogger. 


The type species is Rabula inflans spec. 

Key to species of 

I. Affecting man. 

II. Affecting guinea pig. 

III. Affecting hamster. 

IV. Affecting rat. 

V'. Affecting mouse 


1. Rabula inflans spec. nov. From 
Latin inflate, to puff up. 

Common names: Mumps virus, virus 
of epidemic parotitis. 

Hosts: HOMINIDAE — Homo sapiens 
L., man. Experimentally, also CERCO- 
PITHECIDAE — Macaca mulatia (Zim- 
mermann), rhesus monkey. FELIDAE 
—Felis caius L., domestic cat. 

Geographical distribution: World-wide. 

Induced disease: In man, in order of 
frequency, parotitis, orchitis, meningo¬ 
encephalitis, pancreatitis, or ovaritis; 
rarely fatal; when parotitis occurs, onset 
is sudden, with pain in one or both parotid 
glands, sometimes also with involvement 
of submaxillary and sublingual glands, 
swelling and malaise gradually disappear¬ 
ing within a week or 10 days; there is 
virus in saliva 48 hours after onset; orchi¬ 
tis, less common, is usually unilateral and 
may be accompanied by some epididymi¬ 
tis. In rhesus monkey, experimentally, 
acute, non-suppuralive parotitis; focal 
necrosis in acinar epithelial cells of 
parotid gland, and secondary inflamma¬ 
tion; dissemination of lesions within the 
gland, enlargement of gland to palpation 
and pitting edema of jowl 6 to 8 ^ys after 
inoculation, often with a rise of tempera- 


nov. 

the genus Rabula. 

1. Rabula inflans. 

2. Rabula levis, 

3. Rabula innocuus. 

4. , Rabula exiguus. 

5. Rabula latens. 

ture; cytoplasmic inclusion bodies in 
affected glands, staining pink, round or 
oval, 3 to 10 microns in diameter, often 
vacuolate, usually surrounded by a nar¬ 
row clear zone in the cytoplasm; blood 
and uninoculated salivary gland of af¬ 
fected animal not effective sources of 
virus. 

Transmission: Probably by droplets 
arising directly from infected individuals. 
Experimentally, by injecting sterile 
fluids containing virus into Stenson’s 
duct of parotid gland in Macaca mulatia. 

Serological relationships: A specific 
complement-fixing antibody occurs in 
human and monkey convalescent serum 
and is demonstrable by the use of mon- 
key-gland antigen. 

Immunological relationships: Specific 
immunity induced by attack; passive 
immunization rarely successful. 

Thermal inactivation: At 55^ C in 1 
hour. 

Filtcrability: Passes Berkefeld V and 
N filter candles. 

Other properties: Viable in 60 per cent 
glycerine at 2*^ C at least 5 weeks, in 50 
per cent glycerine at 10^ C. at least 7 
weeks, dried while frozen at least 7 weeks, 
in frozen saliva at least 3 weeks. 
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Literature: Bloch, Am. Jour. Path., 
ISf 1937, 939-944; Eiiders and Cohen, 
Proc. Soc. Exp. Biol, and Med., 60, 1942, 
180-184; Findlay and Clarke, Brit. Jour. 
Exp. Path., 16, 1934 , 309-313; Johnson 
and Goodpasture, Jour. Exp. Med., 69, 
1934, 1-19; Am. Jour. Ilyg., 21, 1935, 
46-57; 23, 1936, 329-339; Am. Jour. Path., 
12, 1936, 495-510. 

2. Rabula levis spec. nov. From Latin 
levis, trifling. 

Common name: Guinea-pig salivary- 
gland virus. 

Host: CAVIIDAE—Cavia porcellus 
(L.), guinea pig (only known host ; fetus 
more susceptible than post-natal animal, 
even if from immune mother). 

Insusceptible species: Rabbit, rat, cat, 
chicken, pigeon, dog, mouse, monkey 
(Macacus rhesus). 

Geographical distribution: United 
States, England. 

Induced disease • In guinea pig, sub¬ 
maxillary glands show swollen epithelial 
cells containing relatively dense acido¬ 
philic inclusions of granular material 
within enlarged nuclei, especially in ducts 
of the serous portion of the gland, and 
larger but fewer intracytoplasmic inclu¬ 
sions; experimentally, by intracerebral 
injection of young guinea pig, prodromal 
period of about 2 days, then elevation of 
temperature to 105 or 106® F; a day later, 
hair raised, animal quiet; subsequently, 
irritability with tremors and slight con¬ 
vulsive movements; by fifth day, usually 
prostration, jerking movements, and en¬ 
suing death; brain shows no gross lesions 
but exudate over surface; in meningeal 
exudate, many cells each containing an 
acidophilic mass within its nucleus; by 
subcutaneous injection, virus recoverable 
after 2 weeks from submaxillary glands, 
cervical lymph nodes, kidney, and lung, 
not from blood, liver, or spleen. 

Transmission: Experimentally, by in¬ 
oculation of submaxillary gland or by 
intracerebral or subcutaneous injection 
of materials from infected glands; with 


difficulty from brain to brain. Pilocar¬ 
pine stimulation increases numbers of 
inclusions. 

Serological relationships: Specific neu¬ 
tralizing antibody is found in blood serum 
of animals that are carrying virus in their 
suJjmaxillary glands. 

Immunological relationships: Active 
immunity may be dependent on existence 
of more or less active lesions. 

Thermal inactivation: At 54® C in 1 
hour. 

Filterability : Passes Berkefeld N filter 
candle. 

Other properties: Viable in 50 per cent 
glycorino at least 11 days. 

Strains: An unusually virulent strain, 
killing infected animals whatever the 
route of injection, has been described but 
not given a distinctive name (Rosenbusch 
and Lucas, Am. Jour. Path., 16, 1939, 
303-340). 

Literature : Andrewes, Brit. Jbur. Exp. 
Path., 11, 1930, 23-34; Cole and Kuttner, 
Jour. Exp. Med , U, 1926, 855-873; Hud¬ 
son and Markham, ibid., 66, 1932,405-415; 
Jackson, Jour. Inf. Dis., 26, 1920, 347- 
350; Kuttner, Jour. Exp. Med., 46, 1927, 
935-956; Kuttner and T^ung, ibid., 62, 
1935, 805-822; Lucas, Am. Jour. Path., 
12, 1936, 933-948; Markham, ibid., H, 
1938, 311-322; Markham and Hudson, 
ibid., 12, 1936, 175-182; Pearson, ibid., 6, 
1930, 261-274; Scott, Jour. Exp. Med., 
49, 1929, 229-236; Scott and Pruett, Am. 
Jour. Path., 6, 1930, 53-70. 

3. Rabula innocuus spec. nov. From 
Latin innocuus, harmless. 

Common name: Hamster salivary- 
gland virus. 

Host: CRICETIDAE—Cricetulus gri- 
seus M. Edw., Chinese hamster. 

Insusceptible species: MURIDAE — 
nit; Mus musculus L., w^hite mouse. 

Geographical distribution * China. 

Induced disease: In hamster, no obvi¬ 
ous disease externally but inclusion 
bodies in submaxillary glands. 
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Thermal inactivation: At 56® C in 30 
minutes. 

Literature: Kuttner and Wang, Jour. 
Exp. Med., 60, 1934, 773-791. 

4. Rabula eziguus spec. nov. From 
Latin extguus, petty. 

Common name: Rat salivary-gland 
virus. 

Ho8t:MUHJDAE-rat. 

Insusceptible species: MUHIDAE— 
Mus musculus L., mouse. CRICETI- 
DAE—Criceiulus griseus M. Kdw., Chi¬ 
nese hamster. 

Geographical distribution: China, 
Canada. 

Induced disease: In rat, no obvious 
disease externally, but intranuclear in¬ 
clusions in cells of the submaxillary 
glands. 

Literature: Kuttner and Wang, Jour. 
Exp. Med., 60, 1934, 773-791; Thomps<m, 
Jour. Inf. Dis,, SO, 1932,162-170. 

5. Rabula latens spec. nov. From 
Latin latens, hidden or lurking. 

Common name : Mouse salivary-gland * 
virus. 

Host: M URIDAE—Mus musculus L., 

mouse. 


Insusceptible species: MU RIDAE— 
rat. CRICETIDAE—Cricetulus griseus 
M. Edw., (Chinese hamster. LEPOR- 
/DAE-rabbit. CA VIIVAE-Cavia 
porcellus (L.), guinea pig. 

Geographical distribution: China, 
Canada, United States. 

Induced disease : In mouse, no obvious 
disease externally, but inclusion bodies 
in acinar tissue of serous and mucous por¬ 
tions of submaxillary glands; occasionally 
also in duct cells or alveolar cells of paro¬ 
tid gland; affected cells hypertrophied. 
In Swiss white mice, extensive lesions in 
liver and spleen but emulsions of these 
organs fail to infect; rare pancreatic 
lesions. 

Transmission: Experimentally, by in- 
traglandular, subcutaneous, intraperi- 
toneal, intratesticular or intracerebral 
inoculation; inclusion bodies appear in 
salivary glands irrespective of site of 
inoculation. 

Thermal inactivation: At 60° C in 30 
minutes. 

Filterability : Passes Berkefeld V filter 
candle. 

Literature. Kuttner and Wang, Jour. 
Exp. Med., 60, 1934, 773-791; McCordock 
and Smith, ibid., 63, 1936, 303-310; 
Thompson, Jour. Inf. Dis., 68, 1936,59-63 
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THE ORGANISM OF CONTAGIOUS BOVINE PLEURO¬ 
PNEUMONIA AND REIATED ORGANISMS* 


INTKOUUCTION 

The organism of bovine pleuropneumonia is similar in certain respects to 
filterable viruses. Both in infected tissue and in cultures, small elements 
are present which pass through filteis that retain bacteria. The organism 
is not stained well by the usual bacterial stains and can be made visible only 
by using special method.s. Bovine pleuropneumonia and other diseases 
caused by similar organisms were originally attributed to filterable viruses. 
These organisms are different from viruses in an important point; namely, 
they grow on suitable media in the absence of living host cells. The cul¬ 
tures consist of pleomorphic elements, the nature of wliich has only slowly 
become apparent. By the studies of Nowak (Ann. Inst. Past., 43, 1929, 
1330), Turner (Jour. Path, and Bact., 4t, 1935, 1) and Klieneberger and 
Smiles (Joui\ Hyg., 4^, 1942, 110), it has been established that the pleo¬ 
morphic forms are part of a reproductive cycle different from binary 
fission. The small elements in the cultures swell up into large round forms 
which reproduce the small elements within their membranes. The mor¬ 
phology of the organism is further complicated by the fact that long branch¬ 
ing filaments an* present in freshly isolated bovine strains. These break up 
into granules or parts of the filaments swell up into large round forms. In 
the judgment of some investigators, these properties, in addition to un¬ 
usual softness and fragility, exclude the organism of bovine pleuropneu¬ 
monia and similar organisms from the order of true bacteria. Ledingham 
(Jour. Path, and Bact., 37, 1933, 393) has classified them with the Actino- 
mijcci^. Later, Turner (Jour. Path, and Bact., 41 7 1935, 1) placed them in 
an independent order, Borrelomijcelalca, w'hile Sabin (Bact. Rev., 5, 1941, 
58) has even placed them in an indcjx'ndent class, Paramycetes. 

The observations of the jjresent author give support to the classification 
of Buchanan (Jour. Bact., 3, 1918, 44) who placed the genus Asterococcua 
Borrel et al. with the organism of bovine pleuropneumonia {Asterococcua 
mycoides Borrel et al.) as type, together with the genus Haenwphilua Win¬ 
slow et al. in subtribe HaemophiKnae Buchanan of the tribe Bacterieae 
Trevisan emend. Buchanan. In many strains of the pleuropneumonia 

*Coininon names have been used through Supplement No, 3 (except for Aatefo- 
coecus and A . mycoides) as the author believes that a more suitable nomenclature than 
any thus far proposed should be developed when agreement is reached as to the nature 
of these organisms. Specific names that have been proposed are given merely as a 
matter of record. No new names have been introduced. 
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group, the small forms appear in appropriate preparations as small bipolar 
stained bacilli. The transformation of the bacilli to round bodies of 
variable size often occurs in bacterial cultures and is not specific for the 
pleuropneumonia group. Furthermore, it has been observed in several 
species of bacteria that they reproduce in the large round forms in a manner 
similar to that observed in the pleuropneumonia group. Thus the form 
variation and reproductive processes observed in the pleuropneumonia 
group are not specific to this group. They represent general bacterial 
properties and should be included in the definition of the true bacteria. 

According to these considerations, the organisms belonging to the 
pleuropneumonia group are small. Gram-negative bacilli often showing 
bipolar staining and their distinctive characteristic is the tendency to 
swell up into round forms and multiply by the reproduction of bacilli in the 
round forms. Their habitat is in the mucous membranes of animals and 
man and many of them are pathogenic. They are exacting in their media 
requirements and usually require fresh animal serum for their growth. 
These properties indicate a close similarity to the species now included in 
the genera Pasteurella and Haemophilus. The pleuropneumonia group 
might well be classified in the same or a closely related family. It is un¬ 
certain whether the strains isolated from earth and sewage should be classi¬ 
fied with the strains isolated from animals and men. The soil and sewage 
strains are less soft, stain more easily and grow abundantly without animal 
serum. The strains isolated from bacterial cultures are most probably 
variant forms of the bacteria and should be classified with the parent 
organisms. 

The viruses of psittacosis and lymphogranuloma present similarities to 
the pleuropneumonia group both in morphology and in their methods of 
reproduction. This gives added weight to the thought that the pleuro¬ 
pneumonia group represents an intermediary stage in the evolution of the 
small. Gram-negative bacteria of the mucous membranes into the filterable 
viruses. 
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I. THE PLEUROPNEUMONIA GROUP. 

(Borrelomycetaceae Turner, Jour. Path, and Bact., 4 /, 1935, 25; Parasitaceae Sabin, 

Bact. Rev., 5, 1941, 58.) 

The organisms are soft and fragile. Without special precautions they are often 
distorted or entirely destroyed in microscopical preparations. The cultures contain 
pleomorphic elements: Small granules, bacilli, bacillary filaments and round forms 
varying in size from a few tenths of a micron to 10 microns or more. Autolyzed round 
form.s may coalesce into large empty blebs. The round forms are part of a reproductive 
cycle. They are produced by the swelling of the bacillary forms and filaments and 
reproduce granules or filaments by inside segmentation or multiple germination. 
In freshly isolated Iwvine strains, the filaments show apparent or true branching and 
reproduce the small forms by segmentation. The smallest growing units may not be 
larger than .15 to .28 micron and pass through filters that retain bacteria. On agar, 
tiny colonies (0.1 to 0.6 mm) develop in great numbers. The colonies invade the agar 
and after 2 to 5 days growth have an opaque center embedded in the agar and a thin 
peripheral zone. The surface has a rugged or granular appearance due to the develop¬ 
ment and autolysis of the large forms. After a few days growth, the cultures usualy 
show pronounced autolysis. The parajsitic strains require fresh animal serum for 
growth. There is a single genus. 

Geyius /. Asterococcus Barrel et al. 

(Borrel, Dujardin-Beaumetz, Jeantet and Jouan, Ann. Inst. Past., 24^ 1910, 179; 
Coccobacillus Martzinovski, Ann. Inst. Past . 26y 1911, 91; Micromyces Frosch, Arch, 
f. wissensch. u. prakt Tierheilk., 4^, 1923, 35 and 273; not Micromyces Dangeard, Le 
Botaniste, Jf, 1888, 55; Mycoplasma Nowak, Ann. Inst. Past., Jfi, 1929, 1349; Aster- 
o/nyces Wroblewski, Ann. Inst. Past., 47,1931, 105; Borrelomyces Turner, Jour. Path, 
and Bact., 1935, 25; Bovimyces Sabin, Bact. Rev., 1941, 57.) 

Characters as for the family. 

The type species is Asterococcus mycoides Borrel et al. 


1. Asterococcus mycoides Borrel et al. 
(Le microbe de la peripneumonia. Nocard 
and Roux, Ann. Inst. Past., 12y 1898, 240; 
Borrel, Dujardin-Beaumetz, Jeantet and 
Jouan, Ann. Inst. Past., 24y 1910, 168; 
Goccobacillns mycoides peripneumoniae 
Martzinovski, Ann. Inst. Past., 26y 1911, 
914; Micromyces peripneumoniae bovis 
coniagiosae Frosch, Arch. f. wissensch. u. 
prakt. Tierheilk., 4^, 1923, 35 and 273; 
Mycoplasma peripneumoniae Now’ak, 
Ann. Inst. Past., 43, 1929, 1530; Astero- 
myces peripneumoniae bovis Wroblewski, 
Ann. Inst. Past., 47, 1931, 94; Borrelo¬ 
myces peripneumoniae Turner, Jour. 
Path. Bact., 4/, 1935, 1; Bovimyces pleu- 
ropneumoniae Sabin, Bact. Rev., J, 1941, 
57.) 

Morphology of cells and appearance of 


agar cultures correspond with the descrip¬ 
tion given for the group. 

Broth cultures are slightly opalescent 
and, upon shaking, the cultures of fresh 
strains exhibit silk-like whorls, due to 
the presence of long chains and filaments. 
The cultures after prolonged incubation 
consist of small granules. 

Biochemical activity: Old colonies on 
serum agar develop a brownish color. 
Freshly isolated strains reduce hemo¬ 
globin. Glucose, fructose, mannose, mal¬ 
tose, and dextrin are fermented with the 
production of acid but no gas. The cul¬ 
tures are bile soluble. 

The strains isolated from cattle are 
homogeneous in serological reactions and 
distinct from the other members of the 
group. 
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Habitat: It is the causative agent of 
contagious bovine pleuropneumonia. 
The disease can be transferred to sheep, 
goats and water buffaloes, but not to 
mice, rats, rabbits or other experimental 
animals. 

2. The organism of agalactia of sheep 

and goats. (Le microbe d'agalaxie con- 
tagieuse, Bridr^ and Donatien, Ann 
Inst. Past., S9y 1925, 925; Ayiulomyces 
agalaxiae Wroblewski, Ann. Inst. Past., 
47, 1931, 111; Borrelomyces agalactiae 
Turner, Jour Path, and Pact., 41, 1935, 
25; Capromyces agalactiae Sabin, Bact. 
Rev., 5, 1941, 57.) 

These organisms are very simi’ar to the 
former organisms in morphology' , appear¬ 
ance of the cultures and growth require¬ 
ments. Usually the growth is less vigor¬ 
ous, the colonies remain smaller, and the 
elements of the cultures are more delicate 
and less easily visible than those of 
bovine pleuropneumonia. Characteris¬ 
tic crystals develop in the cultures. 

Serologically and immunologically this 
species is distinct from the bovine spe¬ 
cies. 

It is the cause of a systemic disease in 
sheep and goats with involvement of the 
joints, eyes, and, in lactating animals, 
the mammary glands. Other species are 
not susceptible. 

3. Pleuropneumonia-like organisms in 

dogs. {Asterococcus canis^ Types I and 
II, Schoentensack, Kitasato Arch. Exp. 
Med., 11, 1904, 227; IS, 1936, 175; Cano- 
myces pulmonis I and TI, Sabin, Bact. 
Rev., 5, 1941, 57.) 

Both types produce slight uniform 
opalescence in broth. Type I grows in 
granules and coarse colonies and is ap¬ 
parently pathogenic for dogs. Type II 
grows in somewhat larger granular 
colonies. 

They are serologically distinct from 
each other and from the other members 
of the pleuropneumonia group. 


The connection of these organisms with 
distemper is not proven. 

4. Pleuropneumonia-like organisms in 
rats. \ii (Klicneberger and Steabben, 
Jour. Hyg., S7, 1937, 143; Jour. Hyg., 
1940, 223; Murimyces pulmonis Sabin, 
Bact. Rev., 5, 1941, 57.) 

L 4 (Klieneberger, Jour. Hyg., 55,1938, 
458; Murimyces arihritidis Sabin, loc. 
cit.) 

The pyogenic virus of Woglom and 
Warren (Jour. Exp. Med., 55, 1938, 513) 
and L 7 of Findlay, MacKenzie, Mac- 
C'allum and Kleinebergcr (Lancet, 2S7y 
1939, 7) are identical with L 4 . The 
organisms isolated from infected joints by 
Beeuwkes and Collier (Jour. Inf. Dis., 
70, 1942, 1 ) and Preston (ibid., 70, 1942, 
180) probably are identical with L 4 but 
they were not typed serologically. 

The requirements for growth, the ap¬ 
pearance of colonies and the morphology 
are very similar to those of the type 
strain with the difference that long fila¬ 
ments arc not observed cither in liquid 
or solid media. 

The strains isolated from rats belong to 
two serological types. L 3 was cultivated 
from chronic lung abscesses, but the num¬ 
ber of strains typed is not sufficient to 
ascertain that all strains isolated from 
this source belong to one type. The Ls 
strains are not pathogenic for rats in 
artificial infection. They produce sup¬ 
puration in mice when they are injected 
with agar. 

L 4 which is serologically different from 
L 3 was cultivated from abscesses and 
spontaneous polyarthritis. It produces 
polyarthritis both in mice and rats. It 
is not infectious in monkeys, rabbits and 
guinea pigs. Both Ls and L 4 were recov¬ 
ered from the brains of mice kept in the 
same room with rats. 

According to Klieneberger, L 3 usually 
produces somewhat larger and coarser 
<;olonies than L 4 ; L 3 grows in broth in 
small granules, while L 4 produces an 
opalescent growth. 
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5. Plauropneumonis-like organisms In 

mice. (Sabin, Science, 88, 1938,575, and 
Bact. Rev., 6, 1941, 1; Findlay, Kliene* 
berger, MacCallum and'MacKenzie, Lan¬ 
cet, 2S6, 1938,1511.) A strain isolated by 
Sullivan and Dienes (Proc. Soc. Exp. 
Biol, and Med , >f/, 1930, 620) is identical 
with Type A. 

Five groups of strains, distinct sero¬ 
logically, and, to a certain extent, distinct 
also in their pathological properties, have 
been isolated from mice. These are 
types A, B, C, D, and E of Sabin. The 
strains are closely similar to each other 
and to the rat strains. It is questionable 
whether the slight differences in the ap¬ 
pearance of the colonies and in the mor¬ 
phology of the cultures are of significance- 

Type A {Musculomyces neurolyticus 
Sabin) is usually present in the conjunc¬ 
tiva and was isolated also from the lung 
and brain. Intercercbral injection of 
Type A produces in mice a characteristic 
rolling disease due to a toxin which is also 
present in broth cultures Intravenous 
injection produces a transient polyarthri¬ 
tis without damage to the cartilage or 
ankylosis. Type A is serologically simi¬ 
lar to L& of Klienoberger, (Jour. Hyg., 40 , 
1940, 204). 

Type B {Musctdtmiyces arthrotropicits 
Sabin) was isolated from the brain and 
from the nasal mucosa. It produces no 
rolling disease and no soluble toxin. In 
mice, intravenous injection usually pro¬ 
duces a chronic arthritis often leading to 
ankylosis. 

Types C, D and E {Musculomyces his- 
iotropicus Sabin) were isolated from the 
same location as Type B and produce 
similar arthritic lesions. They are sero¬ 
logically distinct from Type B and from 
each other (Sabin, Science, 90, 1939, 18 
and Sabin and Johnson, Proc. Soc. Exp. 
Biol, and Med., 44, 1 ^-10, 569). 

Lo isolated from mice by Findlay et al. 
(Trans. Roy. Soc. Trop. Med. Hj^g., 3S, 
1939-40, 6) and the strains of Edward 
(Jour. Path, and Bact., 50, 1940,409) were 


not compared serologically with the types 
of Sabin. 

6. Pleuropneumonia-like organisms In 
man. (Dienes, Proc. Soc. Exp. Biol, and 
Med., 44, 1940,468; Beveridge, Med. J our. 
of Australia, SO, 1943, 479; Kleine- 
berger, Lancet, 8, 1945, 46.) 

They are present in about 30 per cent 
of women in the genitals and they were 
isolated from suppurative processes orig¬ 
inating from this source. In men they 
were found in urethritis, cystitis and 
chronic prostatitis. 

The appearance of the colony, the mor¬ 
phology and grow^th requirements cor¬ 
respond with the animal strains. The 
human strains grow less abundantly in 
serum broth than the animal strains. 

One strain was found by Sabin (Proc. 
Soc. Exp. Biol, and Med., 44, 1940, 569) 
to be serologically different from the 
strains isolated from rats and mice. It is 
not known whether the strains are sero¬ 
logically uniform. There is a slight vari¬ 
ation in colony form, in the tendency to 
grow in filaments, and in the abundance 
of growth, but the variation between the 
strains is less than, the variation due to 
slightly different cultural conditions. 

Mice and rats are usually not suscepti¬ 
ble to infection with the human strains; 
however, several young mice from a single 
litter were killed in three to six days by 
subcutaneous or intraperitoneal injection 
of one strain. 

7. Pleuropneumonia-like organisms in 
chick embryos. (Van Herick and F^aton, 
Jour. Bact., 50, 1945, 47.) 

Organisms have been isolated from 
chick embryos which conform to the 
pleuropneumonia group with regard to 
morphology, the appearance of colonies 
on agar and filterability. The cultures 
agglutinated red blood cells from various 
animals. The relation of this strain to 
the coccobacillary bodies of Nelson (sec 
Section II) has not been studied. 
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II. ORGANISMS OF UNCERTAIN CLASSIFICATION. 

Similar to the Pleuropneumonia Group. 


1. Coccobacillary bodies of Nelson. 
(Nelson, Science, 1935, 43; Jour. Exp. 
Med., 66, 1937, 833; Jour. Exp. Med., 7B, 
1940, 645.) 

Nelson isolated a small bacillary organ¬ 
ism apparently connected with coryza and 
infectious catarrh from the nasal passages 
of fowls and from the nasal passages and 
the middle ear of mice and rats. Their 
size appeared to be 0.3 to 0.4 micron in 
microscopical preparations and they 
passed through a filter with a pore size 
of 640 millimicrons. They were isolated 
in tissue cultures but they grow also in 
the cell-free and heated supernatant 
fluid. The freshly isolated cultures did 
not grow on blood or on artificial media; 
however, after 120 passages in tissue cul¬ 
tures the fowl coryza bodies grew on 
blood agar slants. On ascitic agar this 
strain forms colonics very similar to those 
of the pleuropneumonia group with a dark 
center surrounded by a thin periphery. 
The organisms in the top layer are 
sometimes considerably enlarged, but no 
web-like structure is produced. The 
organism is less soft and the individual 
organisms maintained their form in the 
preparations as do bacteria, and the ten¬ 
dency to grow into the agar is less pro¬ 
nounced than in the pleuropneumonia 
group. The organism isolated from rats 
is more pleomorphic than the others. 

The coccobacillary bodies were not 
studied wdth methods appropriate to de¬ 
termine whether they belong to the pleu¬ 
ropneumonia group and whether the 
mouse and rat strains are identical with 

III. PLEUROPNEUMONIA-LIKE 
BACTERIAL 

1. Pleuropneumonia-like organisms 
Isolated from Streptobacillus monili¬ 
formis. Li (Klieneberger, Jour. Path*, 
and Bact., 40, 1930, 93; Jour. Hyg., 4^, 
1942, 485; Dienes, Jour. Inf. Dis., 6$, 
1939, 24; Jour. Bact., 44f 1^42, 37; Mua- 


the pleuropneumonia-like organisms iso¬ 
lated from mice and rats. 

2. Filterable organisms from sewage 
and soil. (Fam. Saprophytaceae Sabin, 
Genus Sapromyces Sabin, Bact. Rev., 6, 
1941, 59.) 

The strains isolated by Laidlaw and 
Elford (Proc. Roy. Soc. London, B, 120, 
1936,292; Sapromyces laidlawt A B and C, 
Sabin, loc. cit.) and Seiffert (Cent. f. 
Bakt., I Abt., Orig., 1S9, 1937, 337) ac¬ 
cording to 0rskov (Cent. f. Bakt., I Abt., 
Orig., 141 i 1938, 230) and Klieneberger 
(Jour. Hyg., 40, 1940, 204) are closely 
similar to the organisms of the pleuro¬ 
pneumonia group. They are filterable, 
and the smallest reproductive units of 
those which we have appropriately ex¬ 
amined were found to be between .125 
and .175 micron. The colonies are simi¬ 
lar in appearance to the colonies of the 
pleuropneumonia group. 

The broth cultures consist of granules 
and round globular elements; the surface 
layer of agar colonies sometimes swells 
up into large round forms. They grow 
without serum, but small amounts of 
serum accelerate the growth. They 
grow both at 30° and at 37°C. and remain 
alive in cultures kept cold for several 
months. The broth cultures grow abun- 
ciantly with a strong opalescence or sedi¬ 
ment. Serologically the strains are dis¬ 
tinct from the other members of the 
pleuropneumonia group and all but one 
are more or less similar to each other. 

ORGANISMS ISOLATED FROM 
CULTURES. 

culomyces streptobacilli-moniliformis Sa¬ 
bin, Bact. Rev., 6, 1941, 57; Heilman, 
Jour. Inf. Dis., 69, 1941, 32; Brown and 
Nunemaker, Bull. Johns Hopkins Hosp., 
70, 1942, 201.) 

Cultures isolated from different strains 
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of Streptobacillus moniliformis vary con¬ 
siderably in the appearance of the 
colonies, the tendency to reversion to 
bacillary form, and the degree of autoly¬ 
sis. The colonies are considerably larger 
than the colonies of the human or animal 
pleuropneumonia-like strains; they may 
reach 1 to 2 mm. Usually a wide periph¬ 
eral zone is present and development 
and autolysis of the large bodies produces 
a coarse appearance in the colonies. 
Sometimes no peripheral zone develops, 
the colony is dome-shaped, and the large 
bodies have no tendency to autolyze. 
The young colonies (twelve hours incuba¬ 
tion) grow into the agar as loose strands 
of more or less swollen granules. Serum 
broth cultures grow in small clumps usu¬ 
ally adhering to the wall of the test tube. 

The cultures consist of small granules, 
small polar-staining bacilli and diph¬ 
theroid-like forms which swell to large 
round forms. In the top layer of fully 
developed colonies, the well-stained large 
bodies may be as large as 10 to 20 microns. 
By vacuolization they transform into 
empty blebs. By segmentation of their 
contents, the large forms may reproduce 
the small bacillary forms. In suitable 
preparations chromatin bodies are visible 
both in the small and large forms. The 
small forms are filterable through Berk- 
feld candles; the size of the smallest 
particles has not been exactly deter¬ 
mined. The organism is very soft and 
fragile. 

Their growth requirements and bio¬ 
chemical activities are similar to those of 
Streptohacill us moniltform is . 

Growth occurs on nutrient agar con¬ 
taining animal serum or egg yolk. Some¬ 
times there is a slight growth on boiled 
blood agar plates without serum. Good 
growth is obtained in a mineral solution 
with 0.1 per cent starch. Growth is 
both aerobic and anaerobic. 

The Li form is more resistant to heat 
and to aging of the culture than is the 
streptobacillus and it has a remarkable 
resistance to penicillin to which the bac¬ 


teria are very sensitive. Like the bacil¬ 
lus, Li produces acid but no gas from 
glucose, maltose, fructose, salicin, starch, 
and dextrin. It gives no oxidase test. 

Serologically the Li form is similar to 
Streptobacillus moniliformis and different 
from the members of the pleuropneu¬ 
monia group. It has no pathological 
effect on mice, rats or guinea pigs. It 
does not produqe an infection of the 
chicken embryo. It can be isolated from 
freshly isolated strains of Streptobacillus 
moniliformis^ from several-day old broth 
and agar cultures, from broth cultures 
heated at 56°C. and usually also from 48 
hour iigar cultures if they are incubated 
at 28*" to 30®C. It is questionable 
whether the Li form has been isolated 
directly from rats 

‘Klieneberger (Jour. Hyg., 1940,204) 
isolated a similar strain from a bacterium 
similar to Streptobacillus jnoniliformis 
which caused abscesses in guinea pigs. 
Whether this bacterium was identical or 
different from Streptobacillus monili¬ 
formis was not determined. 

2. Pleuropneumonia-like organisms 
isolated from Bacteroides funduliformis. 

Dienes (Proc. Soc. Exp. Biol, and Med., 
47, 1941, 385) and Dienes and Smith 
(Jour. Bact., 45> 1944, 125) isolated cul¬ 
tures from two strains of Bacteroides 
funduliformis which could be propagated 
indefinitely and which in morphology and 
in the appearance of colonies w'ere closely 
similar to Li. 

The young colonies consisted of similar 
strands of granules growing into the 
medium. The surface of fully developed 
colonics consisted of large bodies and a 
honey-comb-like structure. The well 
isolated colonics grew usually to a fairly 
large size (1 to 2 mm). 

Both strains, transplanted every two 
or three days through several months, 
failed to reproduce bacteria either on agar 
or submerged in broth. 

No growth was obtained in liquid cul¬ 
tures. 
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The strains, like the parent oi:ganism, 
are strictly anaerobic and the cultures 
have the characteristic odor of the parent 
strain. 

It was observed in slide cultures that 
the L type of colonies develop from large 
round forms which were produced in the 
cultures of the parent organism by grad¬ 
ual swelling of the bacteria. 

In cultures of eight pleomorphic strains 
of Bacieroidest the L type of colonies 
developed in three strains under ap¬ 
propriate conditions. The bacteria 
swelled into large round lx>dies in all eight 
strains. The serological properties of the 
L strains have not thus far been studied. 
Neither the parent organisms nor the L 
type strains had any pathological effect on 
latoratory animals. 

3. Pleuropneumonia-like organisms in 
a species of Flavobacterium. (Dienes, 
Jour. Bact., 44, 1942, 37.) 

Tiny colonies entirely similar in ap¬ 
pearance to young Li colonies w’ere iso¬ 
lated from the cultures of a species of 
Flavohacteriwn. 

The bacterium when freshly isolated 
produced two types of colonies on blood 
agar plate; large colonies consisting of 
small regular bacilli and tiny colonies in 


which the bacteria became pleomorphic 
and swelled up to form large round bodies. 
The tiny colonies after 48 hours of incuba¬ 
tion became autolyzed, and one or several 
L type of colonies started to grow under 
them. These colonies could be trans¬ 
planted and gave abundant growth for 
two generations, but always died out in 
the third. 

Bacterial forms were not reproduced 
either on agar or in broth. 

The L type of growth was not patho¬ 
genic for mice though the parent organism 
was highly virulent. 

4. Development of tiny colonies in 
other bacteria. 

The development of tiny colonies simi¬ 
lar in appearance to young colonies of the 
pleuropneumonia group has been ob¬ 
served in cultures of Escherichia coli, 
Haemophilus mfluenzae, and Neisseria 
gonorrhoea (Dienes, Jour. Bact , 44i 5942, 
37; Proc. Soc. Exp. Biol, and Med., 
1940, 476). In all cases preceding their 
development,, the organisms ot the parent 
strains swelled into large round bodies, 
and in Escherichia coli and Haemophilus 
influenzae the development of the L type 
of colonics from these large forms was 
observed. Thus far these tiny colonics 
have not been isolated in pure cultures. 
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SOURCES AND HABITA'fS 

(All references to viruses will be found under the heading tVlruses) 


Abnormal Milk, see Dairy Products 

Agar 

Bacillus^ 734 
Containing iodiform 
Micrococcm ^ 272 
Digesting bacteria 
Acetobacier^ 692 
Achromcbacter^ 628 
Agarhacterium^ 628, 629, 630 
Bacterium j 625 , 626 
FlavabacteriuMy 631 
PaetidomonaSt 177, 178, 697, 698, 700 
Vibrio, 200, 203 , 204 , 702, 703 

Air, also see Dust 

Actinomyces, 968, 969, 970, 972, 973 
Bacillus, 647 , 648, 649 , 650, 651, 653, 
654 , 655, 658, 659, 661, 663 , 664, 665, 
667, 668 , 669, 670, 671, 672, 738, 741, 
742, 743, 744 , 747 , 748, 749, 750, 751, 
752, 754, 756, 758 

Bacterium, 602, 643, 672, 674 , 676, 678, 
680, 684, 761 
Chromobacterium, 232, 233 
Clostridium, 803 
Corynebacterium, 386 
Flavobacterium, 611 
Gaffkya, 283 
Leuconostoc, 348 

Micrococcus, 237 , 239, 244 , 251, 252, 
253 , 255, 256, 260, 261, 268, 271, 272, 
273, 276 , 278, 281 
Nocardia, 915, 975 
Pacinia, 696 
Planococcus, 281 

Pseudomonas, 95, 96, 147, 149, 174 
Rhodococcus, 281 
Sarcina, 288, 290 
Staphylococcus, 282 
Streptococcus, 336, 338, 340 


Slreplomyces, 935, 969 
Streptothrix, 975 

Air 

—brewery 
Sarcina 

—contamination 
Socardia, 915 
Planococcus, 281 
Pseudomonas, 174 
Staphylococcus, 282 
Contamination on cooked potato 
Chromobacterium, 232 

Amphibia, Common Names 
African toads 
Vibrio, 197 
Frogs 

Bartonella, 1108 
Eberthella, 534 
Flavobacterium, 439 
Malleomyces, 556 
Micrococcus, 281 

Mycobacterium, 883, 884, 885, 890 
Pseudomonas, 102, 103 
Salmonella, 532 
—, abscesses 
Micrococcus ,2Sl 
—, feces 

Bacillus, 742 
—, intestine 

Chitin-digesting bacteria, 632 
Spirochaeta, 1065, 1069, 1070 
—, large intestine 
Bacillus, 742, 754 
Spirillum, 217 
—, wound infections 
Eberthella, 534 
Salamander 
Pseudomonas, 102 


•Prepared by Prof. Robert S. Breed and Mrs. Margaret E. Breed, Geneva, New 

York, August, 1947. j. i i. 

t Prepared by Frances O. Holmes, Rockefeller Institute for Medical Research, 

Princeton, New Jersey, July, 1947. 
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Amphibia (continued) 

Toads 

ArthroffiitiSt 1003 
Bacillus, 744, 754 
Micrococcus, 281 
Serratia, 462 
Vibrio, 197 
—, abscesses 
Micrococcus, 281 
—intestine 
Spirochaeia, 1066 
—, large intestine 
Spirillum, 217 
Treponema, 1075 
—, rectum 
Bacterium, 760 
—, tadpoles 
Bacillus, 742 
Tree toads 
Spirochaeta, 1066 

Amphibia, Diseases of 
Frogs 

Pseudotube rc ulosis 
Malleomyces, 556 
Tuberculosis 

Mycobacterium, 883, 884, 885, 890 
Red leg 

Pseudomonas, 102, 103 

Amphibia, Scientific Names 
Alytes sp., 742 

Bufo americanus, 462, 742, 754, 760. 
1066, 1075 

Hyla septentrionalis, 1066 
Leptodactylus ocellalus, 1108 
Leptodactylus pentadactylus, 1113 
Rana pipiens, 462 
Rana tamporaria, 742,754,1065,1069, 
1070 

Xenopus laevis, 439 

Animal Diseases (Vertebrate), also see 
Amphibia, Birds, Fishes, Reptiles, 
and Mammals 
Vertebrates 
Cold-blooded 
Mycobacterium, 887 ' 
Warm-blooded 
Neisseria, 300 
Pasteurella, 548, 549 


Animal Products (Vertebrate) 

Catgut for sutures 
Bacillus, 815 
Gelatin 

Colony on old plate 
Micrococcus, 281 
Containing iodoform 
Micrococcus, 272 
Spoiled 

Bacillus, 756 
Glue 

Black discoloration 
Chromobacierium, 233 
Hides, salted 
Pseudomonas, 110 
Sarcina, 289 

Animal Sources and Diseases (Inverte¬ 
brate) also see Arthropods, Insects, 
Mollusca, and Protozoa 

Animal Sources (Invertebrate), Coni> 
mon Names 
Annelid, Marine 
Cristispira, 1057 
Blood suckers 
Bacillus, 746 
Bacterium, 679 
Echinoderm 
Cristispira, 1056 
Leeches 
Bacillus, 746 
Bacterium, 679 
Tunicate 
Spirochaeta, 1066 

Animal Sources (Invertebrate), Scien¬ 
tific Names 
Asierias rubens, 1056 
Caesira retortiformis, 1066 
Ifirudo spp., 679, 746 
Folydora flava, 1057 

Animal Sources (Vertebrate), also see 
Amphibia, Birds, Fishes, Reptiles, 
and Mammals 
Vertebrates, Intestine 
Aerobaeter, 455 
Escherichia, 447, 449, 450 
Paracolobactrum, 460 
Vertebrates, Warm-blooded 
Salmonella, 603, 510, 517, 628 
Vibrio, 196 
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Arthropodai Common Names 
Arachnids 

Rickettsia, 1098, 1099 
Crustacea 
Crayfish, intestine 
Chitin-digesting bacteria, 632 
Fresh water 
Bacterium, 678 
Pasteuria, 836 
Horseshoe crab, shell 
Bacterium, 632 
Marine 

Bacterium, 635 
Small Crustacea 
Kubacterium, 367 
Pasteuria, 836 
Myriapoda 
Diplopods 
Fusiformis, 694 
Millipeds, intestine 
Arthromitis, 1003 
Mites 

Rickettsia, 1098 
Haemobartonella, 1105 
Bird mites 
Rickettsia, 1001 
Human mites 
Rickettsia, 1091, 1002 
Rodent mites 
Rickettsia, 1001, 1002 
Spiders 

Rickettsia, 1008 
Ticks 

Borrelia, 1050 
Haemobartonella, 1105 
Klebsiella, 459 
Rickettsia, 1097, nm, 1000 
Spirochaeta, 1068 
Bont ticks, 

Rickettsia, 1089, 1004 
Dog ticks, 1088, 1006, 1098 
Rickettsia, 1088, 1089, 1006, 1008 
Rabbit ticks 
Rickettsia, 1088 
Sheep ticks 
Rickettsia, 1097 
Wood ticks 

Rickettsia, 1088, 1003, 1006 

Arthropoda, Scientific Names 
Crustacea 

Daphnia sp., 836 


Gammarus zschokkei, 678 
Limulus polyphemus, 632 
Talorchestia sp., Ill 
Millipeds 

Julus marginalus, 1003 
Mites 

• Allodermanyssus sanguineus, 1092 
Trombicula akamushi, 1091 
Trombicula deliencis, 1091 
Trombicula fletcheri, 1091 
Trombicula walchi, 1091 
Ticks 

Amhlyomma nmericanum, 1088, 1093, 
1098 

Amblyomma brasiliensis, 1088 
Amhlyomma cajennense, 1088 
Amblyomma hebraeum, 1089, 1094 
Amblyomma maculatum, 1098 
Amblyomma spp., 1088 
Amblyomma striatum, 1088 
Amblyomma variegatum, 1094 
Bobphilus decoloratus, 1080 
Dermacentor albipictus, 459 
Dermacentor andersoni, 1088, 1093, 
1006, 1008 

Dermacentor occidentalis, 1093 
Dermacentor spp., 1088 
Dermacentor variabilis, 1088 
Haemophysalis humerosa, 1093 
Hnemophysalis leachi, 1089 
Haemophysalis leporis-palustris, 
1088, 1093 

Haemophysalis spp., 1088 
Hyalomma spp , 1095 
Ixodes deritatifs, 1088, 1003 
Melophayiis ouinus, 1068, 1097 
Ornithodoros erraticus, 1066 
Ornithodoros hermsi, 1064 
Ornithodoros latiorensis, 1069 
Ornithodoros marocanus, 1067 
Ornithodoros moubata, 1060 
Ornithodoros normandi, 1068 
Ornithodoros parkeri, 1064 
Ornithodoros rudis, 1064 
Ornithodoros spp., 1063, 1088 
Ornithodoros tholozani, 1069 
Ornithodoros turicata, 1064 
Ornithodoros venezuelensis, 1064 
Rhiptcephalus appendiculatus, 1089 
Rhipicephalus bursa, 1097 
Rhipicephalus decoloratus, 1062 
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Arthropoda ifiontinued) 

Ticks (continued) 

Rhipicephalus sanguineus, 1089, 
1096, 1098 

Rhipicephalus spp., 1088 

Arthropod Vectors, see Arthropods, and 
Insects 

Bacterial Cultures 

Pleuropneumonia-like organisms, iso¬ 
lated from 

Bacteraides funduliformis, 1295 
Flavobacierium sp., 1296 
Streptobacillus moniliformis, 1294 

Beer 

Acetobacter, 183, 1S4, 185, 186, 188, 
189 

Bacterium, 680 
Flavobacterium, 441 
Pediococcus, 249, 250 
Pseudomonas, 94, 176 
Bottled 

Micrococcus, 260 
Double 

Acetobacter, 183 
Ginger 

Bacterium, 362 
Ropy 

Acetobacter, 188, 189 
Streptococcus, 250 
Sarcina-sick 
Pediococcus, 249 
Spoiled 

Achromdbacter, 423 
Lactobacillus, 360 
Pediococcus, 249, 250 
Streptococcus, 345 

Beermash 

Spoiled 

Pediococcus, 249, 250, 260 

Beer Wort 

Acetobacter, 183, 185, 186 
Bacillus, 758 
Inflabilis, 823 
Lactobacterium, 363, 364 
Pseudomonas, 146 

Birds, common names 
Bullfinch 
Rickettsia, 1095 


Canaries 
Bcudllus, 530 
Pasteurella, 554 
Shigella, 540 

Chaffinch, stomach and intestine 
Micrococcus, 260, 266 
Coot, stomach 
Micrococcus, 260, 263 
Crow, stomach contents 
Micrococcus, 269 
Cuckoo, throat 
Corynehacterium, 403 
Dove, intestine 
Bacillus, 666 
Bacterium, 760,761,762 
Micrococcus, 252, 254, 270, 271, 274, 
276 

Sardna, 292 
Dove, stomach 
Bacterium, 760 

Micrococcus, 252, 254 , 270, 271, 274, 
276 
Duck 

Borrelia, 1059 
Pasteurella, 552, 554 
Pfeifferella, 554 
Salmonella, 505, 518, 523 , 527 
Duck, skin 
Corynehacterium, 406 
Finch, intestine 
Micrococcus, 257, 259 
—, stomach 
Bacterium, 761 
Micrococcus, 251, 259 
Flicker, feces 
Clostridium, 795 
General 

Salmonella, 504, 521, 526, 527 
—, caecum 

Treponema, 1075, 1076 
—, intestine 

Bacillus, 648, 651, 652, 653, 655, 658, 
660, 662, 664, 666, 669, 671,746, 757 
Bacterium, 675, 676, 683, 685, 687, 
688 , 759, 760, 761, 762 
Micrococc\is, 269 
Pseudomonas, 147, 149 
Vibrio, 196 

—, not pathogenic for 
Piscine tuberculosis 
Mycobacterium 883 
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Birds (continued) 

Turtle tuberculosis 
Myccbacteriumf 886 
—, stomach 

Bacillua, 647, 648, 662, 653, 666, 668, 
660, 662, 664, 666, 667, 660, 671, 
746, 749, 754, 767 
Bacterium, 686, 759, 760 
Micrococcus, 269 
Pseudomonas, 146, 147 
Grouse 

Salmonella, 621 
—, blood and intestine 
Spirockaeta, 1067 
Guinea fowl 
Clostridium, 796 
Hedge sparrow, stoinarh 
Micrococcus, 252, 270, 273 
Parrots 

Miyagawanella, 1117 
Salmonella, 532 
—, nasal secretions 
Miyagawanella, 1117 
Partridge 
Salmonella, 625 
Pheasant 

Bacterium, 552 
Clostridium, 746 
Miyagawanella, 1117 
Salmonella, 521 
Pigeons, diseased 
Bacillus, 400, 652 
Bacterium, 401 
Erysipelothrix, 411 
Haemobartonella, 1104 
Mycobacterium, 881 
Salmonella, 503, 532 
Poultry 

Salmonella, 502, 505, 507, 509, 510, 
511, 512, 513, 514, 516, 518, 519, 
521,522, 523, 525, 526, 528, 529, 530 
—, caecum 

Treponema, 1075 
—, erythrocytes 
Grahamella, 1110 
—, intestine 
Sarcina, 292 
—, nasal passages, 1294 
—, not pathogenic for 
Bovine tuberculosis 
Mycehaeterium, 879 


—, human tuberculosis 
Mycobacterium, 878 
—, spleen 

Mycobacterium, 890 
—, throat 

Corynehacterium, 403 
^uail 

Salmonella, 510, 521 
Robin, feces 
Bacillus, 756 

Rock dove, stomach and intestine 
Micrococcus, 252, 270, 276 
Sarcina, 293 
Snipe, intestine 
Chi tin-digesting bacteria, 632 
Sparrow, intestine 
Micrococcus, 270, 273, 291, 293 
—, stomach 
Bacterium, 761 
Micrococc'us, 291, 293 
Starling, intestine 
Micrococcus, 257, 263, 272, 273 
—, stomach 

Micrococcus, 257 , 263 , 272 , 273 
Sarcina, 291 
Teal, caecum 
Treponema, 1076 
Turkey 

Salmonella, 510, 512, 513, 514, 519, 
524, 525, 527, 528 
Turkey poults 
Lactobacillus, 407 

Salmonella, 504 , 505, 514 , 515, 523, 
527, 628, 629 
Woodpecker, intestine 
Micrococcus, 251, 260, 272 
Sarcina, 290 

Yellow liaminer, intestine 
Micrococcus, 259 . 263, 265, 272 
Sarcina, 292 
-, stomach 

— Micrococcus, 259, 263, 265, 272 

Birds, Diseases of 

Birds of prey 
Bovine tuberculosis 
Mycobacterium, 879 
Canaries 

Infectious necrosis 
Pasteurella, 554 
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Birds, Diseases of (conitnued) 

Canaries {continued) 

Intestinal catarrh and liver changes 
Bacillus t 530 
Septicemia 
Shigella, 540 
Chicken, see Poultry 
Chicken embryos 

Pleuropneumonia-like disease, 1293 
Cockatoo 

Bovine tuberculosis 
Mycobacteriiim, 879 
Crossbills 
Infectious disease 
Bacillus, 661 
Dove 

Ornithosis 

Mi yagawanella ,1117 
Ducklings. 

Keel 

Salmonella, 523 
Ducks 
Septicemia 
Pasteurella, 552 
Pfeifferella, 554 
Finches 
Ornithosis 
Miyagawanella, 1117 
Fulmar petrels 
Ornithosis 

Miyagawanella, 1117 
Geese 
Septicemia 
Shigella, 543 
Spirocliaetosis 
Borrelia, 1050 
General 

Avian tuberculosis 
Mycobacterium, 881 
C’holera-like disease 
Vibrio, 106 
Diphtheria 
Bacillus, 400 
Diphtheria-like disease 
Actinomyces, 915 
Hemorrhagic septicemia 
Pasteurella, 549 

Pleuropneumonia-like disease, 1203 
Grouse 

Bacillus, 668 
Parn>t 


Bovine tuberculosis 
Mycobacterium, 879 
Human tuberculosis 
Mycobacterium, 878 
Nodules, kidney, lung, spleen 
Streptococcus, 342 
Parrot fever 
Miyagawaiiella, 1117 
Psittacosis 
Miyagawanella, 1117 
Pheasants 
Epidemic in 
Bacterium, 552 
Ornithosis 
Miyagawanella, 1117 
Pigeon 

Avian tuberculosis 
Myccbacterimn, 881 
Diphtheria 
Bacillus, 400 
Bacterium, 401 
Poultry 

Abscesses, epidemic 
Sphaerophorus, 570 
Chicken cholera, blood 
Micrococcus, 262 
Chicken cholera-like disease 
Proteus, 480 
Conjunctivitis, acute 
Colesiota, 1120 
Coryza 

Coccobacillary bodies of Nelson, 
1294 

Diphtheria 
Bacterium, 674 
Corynebacterium, 385 
Fowl cholera 
Bacterium, 642 
Salmonella, 521 
Fowl typhoid 
Proteus, 489 
Salmonella, 521 
Hemorrhagic septicemia 
Pasteur ella, 547, 540 
Keratitis 
Colesiota, 1120 
lesions, tuberculous 
Mycobacteri urn, 880 
Limbcrneck 
Clostridium, 780 
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Birds, Diseases of (continued) 

Listeriosis 
Listeria, 409 
Ocular roup 
Colesiota, 1120 
Ornithosis 
Miyagawanella, 1117 
Rhinitis, infectious 
Hemophilus, 589 
Roup 

Bacterium, 674 
Septicemia 
Bacterium, 642 
Slipped tendon 
Streptococcus, *317 
Spirochaetosis 
Spirochaeta, 1059 
Tuberculosis, avian 
Mycobacterium, 879, 880 
Tumors in abdominal cavity 
Actinomyces, 918 
White diarrhoea 
Salmonella, 521 
Swan 
Cholera 

Bacillus, 551 
Infectious disease 
Bacterium, 642 
Turkeys 

Pneumocarditis 
Bacillus, 662 
Wild pigeons 
Epidemic in 
Bacterium, 552 

Bird's Nest 

Myxococcus, 1042 

Birds, Scientific Names 
Colaptes aural us, 795 
Columha livia, 252 , 270 , 276 , 293 
Columba oenas 252, 254, 270, 271, 274, 
276 , 292, 760 , 761 
Corvus cor one, 269 
Emberiza citrinella, 259, 263, 265, 
272, 292 

Fringella carduelis, 257 , 259 
Fringella coelebs, 260, 266 
Fulica atra, 260, 263 
Oallus sp., 1075 
Lagopvs scoticus, 668, 1067 
Jjorus ridibundus, 1075 
Passer montanus, 252, 270, 273, 291, 
203 


Picus major, 251, 260, 272, 290 
Pyrrhula europea, 1095 
Querquedula querquedula, 1076 
Squalorola squalorola, 1076 
Sturnus vulgaris, 257 , 263, 272, 273, 
291 

Blue Milk, see Dairy Products, Abnormal 
Milk 

Bovine Diseases and Sources, see Cattle 
Butter 

Actinomyces, 974 

ierohacier, 456 

Bacillus, 713 

Bacterium, 590, 602, 676 

Chromobacterium, 234 

Lactobacillus, 357 

Leuconostoc, 348 

Microbacterium, 371 

Micrococcus, 260, 264 , 265, 266, 279 

Mycohacieriuyn, 889, 890 

Nocardia, 905 

Pseudomonas, 146 

Sarcina, 291 

Streptococcus, 325, 337, 339 
Black to reddish brown discoloration 
Pseudomonas, 109 
Fruity aroma 
Micrococcus, 260 
May apple to strawberry odor 
Pseudomonas, 100, 101 
Rancid 

BactUus, 650 , 659, 660, 814 , 816 
Micrococcus, 254 
Skunk odor 
Pseudomonas, 99 
Tainted 

Pseudomonas, 99, 100, 101, KX) 
Buttermilk 
Bacillus, 644 

Froptontbacierium, 374 , 375 , 377 
Serratia, 484 
Abnormal 
Clostridium, 822 

Calf Diseases and Sources, see Cattle 

Cats 

Lungs 

Miyagawanella, 1118 
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Cats {continued) 

Not pathogenic for, 
Avian tuberculosis 
Mycohacterium^ 880 
Human tuberculosis 
Mycohacterium^ 878 
Respiratory tract, upper 
Hemophilus, 586 
Sputum 
Paateurella, 553 
Stomach 
Spirillum, 218 
Spirochfuta, 1060 

Cats, Diseases of 

Actinomycosis 

Actinomyces, 927, 969 
Bovine tuberculosis 
Mycobacterium, 879 
Diarrhoea 
Salmonella, 511 
Diphtheria in kittens 
Corynebacterium, 385 
Distemper 
Miyagawanella, 1118 
Glanders 
Malleomyces, 555 
Hemorrhagic septicemia 
Pasteurella, 549 
Infections 
Bacillus, 655 
Streptococcic, 339 
Influenza 

Miyagawanella, 1118 
Mumps 

Spirochaeta, 1074 
Nattil catarrh 
Miyagawanella, 1118 
Pneumonia 
Brucella, 563 
Pneumonitis 
Miyagawanella, 1118 
Pseudotuberculosis 
Pasteurella, 560 

Cattle 

Blood 

Borrelia, 1062 
Clostridium, 777 
Micrococcus, 254 


Calf vaccine lymph 
Bacillus, 401 

Corynebacterium, 402, 406 
Corneal or conjunctival discharges 
Colesiota, 1120 
Erythrocytes 
Anaplasma, jlOO 
Eperythrozoon, 1112 
Haemobartonella, 1106 
Foetus 

Streptococcus, 317 
Ganglia 

Actinomyces, 927 
Gastric mucosa 
Leptospira, 1078 
General 

Salmonella, 50J2, 506, 509, 513, 517, 
518, 621, 527, 529 
Genital organs 
Brucella, 561 
Glands 

Actinomyces, 927 
Intestine 
Bacillus, 745, 818 
Clostridium, 821 
Microbacterium, 370 
Ristella, 576 
Streptococcic, 322, 327 
Liver 

Actinomyces, 926 
Bacillus, 612 
Recordillus, 823 
Lungs 

Bacillus, 612 
Micrococcus, 254 
Lymph glands 
Mycobacterium, 890 
Mouth cavity 
Actinomyces, 926 
Streptococcus, 322 
Mucosa, intestinal 
Mycobacterium, 881 
Red blood cells, see Erythrocytes 
Rumen 

Flavobacterium, 613 
Clostridium, 820 
Saliva 

Streptococcus, 322 
Salted hides, red 
Pseudomonas, 110 
Sarcina, 289 
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Cattle {continued) 

Skin 

Bacillus, 755 
Corynehacterium, 402 
Mycobacterium, 890 
Streptococcus, 335 
Spleen 

Bacterium, 759 
Stomach 
Plectridium, 823 
Stomach, third 
Micrococcus, 272 
Throat 

Streptococcus, 322 
Udder 

Actinomyces, 926 
Bacillus, 672 
Chlorobacterium, 693 
Corynehacterium, 390, 401 
Mammococcus, 695 
Micrococcus, 241, 265 
Streptococcus, 316, 320, 325, 327, 334, 
335, 343 

Vaccine lymph, see Calf vaccine lymph 
Vagina 

Streptococcus, 335 

Cattle, Diseases of 

Abortion 

Salmonella, 506, 507 
Vibrio, 202 
Abortion, infectious 
Brucella, 561, 562 
Abscesses 
Actinobacillus, 557 
Bacillus, 652, 666 
Corynehacterium, 388 
Staphylococcus, 701 
Abscesses, multiple sclerotic 
Sphaerophorus, 579 
Actinobacillosis 
Actinobacillus, 557 
Actinomycosis 
Actinobacillus, 557, 558 
Actinomyces, 925, 926, 927, 970 
Acute ophthalmia 
Moraxella, 592 
Anaplasmosis 
Anaplasma, 1100 
Anthrax 
Bacillus, 720 


Blackleg 
Clostridium, 776 
Black quarter 
Clostridium, 776 
Bronchopneumonia 
Bacillus, 650 
.Bulbar paralysis 
Clostridium, 779 
Chronic diarrhoea 
Mycobacterium, 881 
Chronic pneumonia 
Actinobacillus, 558 
Contagious pleuropneumonia 
Aster ococcus, 1292 
pox pustules 
Streptococcus, 345 
Diarrhoea in calves 
Vibrio, 204 
Diphtheria 
Sphaerophorus, 579 
Disease in calves 
Bacillus, 401 
Dysentery, calf 
Bacterium, 689 
Endocarditis 
Nocardia, 922 
Eperythrozoonosis 
Eperythrozoon, 1111 
Farcy 

Nocardia, 896 
Foot and mouth disease 
Bacterium, 673 
Streptococcus, 337 
Haemobartonellosis 
Haemobartonella, 1102 
Heartwater 
Cowdria, 1094, 1097 
Hematuria 
Streptococcus, 344 
Hemorrhagic septicemia 
Pasteurella, 547, 548, 549 
Icterohemoglobinuria 
Clostridium, 777 
Infections 

Corynehacterium, 391 
Nocardia, 901 
Infectious disease 
Bacterium, 675 
Johne's Disease 
Mycobacterium, 881 
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Cattle, Diseases of (continued) 
Keratitis 
Colesiota, 1119 
Moraxella, 592 
I^mziekte 
Clostridium^ 779 
Lesions, tuberculous 
Mycohacierium, 879 
Light febrile disease 
Rickettsia, 1095 
Listeriosis 
Listeria, 409 
Lumpy jaw 
Actinomyces, 926 
Mastitis 
Bacillus, 662 
Chlorobacterium, 693 
Corynehacterium, 401 
Galactococcus, 250 
Tetracoccus, 284 
Streptococcus, 320, 341 
Metritis 

Streptococcus, 317 
Necrotic foci in liver 
Sphaerophorus, 579 
Ophthalmia, infectious 
CoUsiota, 1120 
Peripneumonia 
Pneumococcus, 697 
Pink eye 
Moraxella, 592 
Pleuropneumonia 
Ascococcus, 1291 
Streptococcus, 345 
Pneumonia 
Pasteurella, 549 
Pneumonia, contagious 
Bacillus, 664 

Purulent infections, urinary tract 
Corynehacterium, 389 
Pus 

Corynehacterium, 388, 405 
Micrococcus, 264 
Streptococcus, 343 
Pyelonephritis 
Corynehacterium, 389 
Rauschbrand 
Clostridium, 820, 825 
Relapsing fever 
Barrelia, 1062 


Septicemia 
Salmonella, 514 
Streptococcus, 317 
Streptotrichosis, skin 
Actinomyces, 968 
Suppurative lesions 
Staphylococcus, 282 
Symptomatic anthrax 
Clostridium, 776, 822 
Tuberculosis, bovine 
Bacillus, ^2 
Mycohacterium, 877, 879 
Ulcerations, mouth region, calves 
Bacillus, 747 
Ulcerative lesions 
Corynehacterium, 389 
White diarrhoea of calves 
Streptococcus, 345 

Cellulose Digesting Bacteria 

Bacillus, 737, 743, 746, 756, 814 
Bacterium, 614, 615, 633 
Cellulobacillus, 762 
Cellulomonas, 617, 618, 619, 620, 621 
622, 623 
Cellvihrio, 210 
General, 1006 
Itersonia, 1044 
Micrococcus, 259 
Pseudomonas, 145, 147, 148 
Spirochaeta, 1053 
Sporocytophaga, 1049, 1050 
Vihrio, 203,204, 205, 206, 207, 703 

Cheese 

Aerohacter, 456, 457 
Bacillus, 612, 647, 669, 712, 734, 743, 
745, 750, 814, 815, 816, 824, 825 
Bacterium, 676, 677, 678, 679 , 681, 
683, 686, 689, 758, 760, 761, 762, 
819 

Clostridium, 770, 810, 820, 822, 824 
Escherichia, 452 
Granulobacillus, 826 
Lactohactllus, 351, 352, 356, 357, 359 
Microhacterium, 370, 371 
Micrococcus, 241, 243, 251, 256, 258, 
264, 265, 266, 269, 270, 277, 279, 
281 

Propionihacterium, 373, 374, 375, 
376, 377, 378, 379 
Sarcina, 290, 291, 292, 293 
Streptococcus, 325, 326, 340, 344 
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Cheese {continued) 
Tetracoccusy 284 
TyrothriXy 823 
VibriOy 197 
Bitter 

Streptococciy 323 
Black Discoloration 
Bacterium y 678 
Gassy curd 
Bacillus y 672 
Pasteurized 
Actinomycesy 968 
lied 

Plocamobacteriumy 691 
Rusty spot 
Lactobacillus y 357, 359 

Cheese, Types of 
Blue 

Bader i am y 602 
Brick 

Bacterium y. 602, 761 
Brie 

Streptococcus y 341 
Camembert 
Bacterium y 602 
Micrococay 260, 263, 265 
SarcinOy 293 
TetracoccuSy 284 
Cantal 

Streptococcus y 337 
Cheddar 

Bacterium y 602 
Pseudomonas, 697 
Cream 

Bacillus y 664 
Streptococcus y 340 
Edam 

Chromobacteriuni y 233 
Propimiibacterium y 378 
Emmental, see Swiss 
Gouda 

Bacillus y 663 
Streptococcusy 342 
Grana 

Bacillus y 756 
Limb urge r 
Bacillus y 612 
Bacterium y 602 
Micrococcus y 261, 264 
Liptauer 

BaeilluSt 816,826 


Neuchatel 
Streptococcus y 342 
Oka 

Bacterium y 602 
Parmesan, see Grana 
Bacillusy 737, 756 
Richelieu 

• MicrococcuSy 695 
Schlosskase 
Streptococcus y 342 
Soft 

Bacillus y 649 
Salmonella y 529 
Swiss 

Bacillusy (H8, 657, 737, 739, 752 
Bacteriumy 688, 759, 760 
Micrococdy 255, 256, 257, 259, 261, 
263, 264, 269, 270, 273, 275, 277. 
281 

Propionihacteriumy 373, 374, 379 
SarcinOy 290, 291 
Streptococcus y 323, 338 
Tilsit 

Plocamobacteriumy 691 
Propiontbaclertumy 378 

Chitin Digesting Bacteria 

Bacillus y 632 
Bacterium y 632 

Concrete, see Mineral Sources 
Condensed Milk, see Dairy Products 

Contamination 

Bacillusy 712, 717, 748 
Bacteriumy 604, 673, 682 
CellulomonaSy 622 
Ch rom obacte riurn , 232 
Clostridium y 798 
Corynebacteriumy 401 
NocardiOy 905, 915 
Oosporoy 976 
PlanococcuSy 281 
Pseudomonas y 174 
Staphylococcusy 282 
Tuberculin flask 
NocardiUy 1K)5 
Vaccine 
OosporOy 976 

Cream, see Milk and Cream 

Cutting Compound, see Mineral Sources 
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Dairy Products, also see Butter, Cheese, 
and Milk and Cream 
Abnormal milk 
Bitter flavor 
Bacillus, 648 
Micrococcus, 265 
Blue milk 

Pseudomonas, 93 , 145 
Fetid odor 
Viscchacierium, 691 
General 

Achromhacter, 609 
Red milk 
Bacterium,, 601 
Micrococcus, 256 

Ropy milk, also see Slimy milk 
Achromobacler, 427 
AlcaligeHes, 414 
Lactobacillus, 695 
Micrococcus, 258 , 268 , 271 
Streptococcus, 344 , 702 
Slimy milk, also see Ropy milk 
Achromobacler, 425 
Bacillus, 654 , 746 
Bacterium, 604 , 675 
Clostridium, 789 
Flavobacierium, 434 , 442 
Micrococcus, 268 , 271 
Soapy milk 
Bacillus, 660 , 667 , 758 
Pseudomonas, 145 , 149 , 150 
Tainted 

Bacillus, 660 
Aroma bacteria 
Streptococcus, 339 
Caseinate solution 
Achromobacter, 692 
Condensed milk 
Leuconostoc, 348 
Thermobacterium, 364 
Evaporated milk 
Bacillus, 713 , 738 
Pseudomonas, 103 
Fermented milk 
Dadhi 

Streptothrix, 364 
General 
Sarcina, 292 
Gioddu 
Bacillus, 362 


Kefir 

Bacillus, 746 

Lactobacillus, 351 , 357 , 359 
Streptococcus, 338 
Kumys 
Bacillus, 362 
Leben 

Streptobacillus, 364 
Matzoon 

Flavobacierium, 441 
Sarcina, 252 
Mazun 

Bacillus, 748 
Bacterium, 362 
Piima 

Streptococcus, 342 
Taette 

Lactobacillus, 695 
Streptococcus, 702 
Taette, false 
Bacterium, 675 
Yoghurt 

Lactobacillus, 355 , 362 , 364 
General 

Bacillus, 732 , 733 
Micrococcus, 237 , 239 , 240 , 241 
Mycobacterium, 889 
Propionibacterium, 373 , 374 , 375 , 
376 , 377 , 378 , 379 
Pseudomonas, 100 
Ice cream 
Bacillus, 612 , 670 
Malted milk 
Bacillus, 756 
Milk powder 

Bacillus, 733 , 755 , 756 
Milk powder (spray process) 
Streptococcus, 328 
Sour milk 
Bacillus, 756 

Lactobacillus, 352 , 362 , 364 
Starters 

Leuconostoc, 347 , 348 
Streptococcus, 325 
Whey 

Bacillus, 755 , 756 
Bacterium, 687 

Dairy Utensils 

Alcaligenes, 414 
Bacillus, 732 , 733 
Microbacterium, 370 , 371 
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Dairy Utensils {continued) 

Micrococcus, 238, 239, 240, 241 
Pseudomonas, 100 
Creamery equipment 
Pseudomonas, 99 
Farm utensils 
Sarcina, 294 
Filter cloth 
Bacillus, 735 
Milk can 
Serratia, 481 
Milking machine 
Sarcina, 294 

Dairy Wastes 

Achromohacter, 628 
Flavohacterium, 433 
Pseudomonas, 177, 178 

Decomposing Materials 
Agar-digesting bacteria, see Agar Di» 
gesting Bacteria 

Cellulose-digesting bacteria, see Cell¬ 
ulose Digesting Bacteria 
Cellulose fibers 
Sorangium, 1024 
Chitin-digesting bacteria, 632 
Composts 
Cellulomonas, 618 
Micromonospora, 980 
Streptomyces, 957 
Thiobacillus, 79, 81 
Crab shells 

Bacterium, 632, 633 
Farinaceous materials 
Clostridium, 824 
General 

Bacillus, 711, 715, 730, 733, 734, 
735, 741, 743 
Bacterium, 682 
Myxococcus, 1042 
Spirillum, 701 
Grass 

Actinomyces, 973 
Leaves 

Bacillus, 756 
Myxococcus, 1042 
Lichens 

Archangium, 1018, 1019 
Myxococcus, 1042 
Litmus solution 
Bacillus, 743, 751 


iviarine vegetation 
Cytophaga, 1014, 1015 
Organic Matter 
Chondrococcus, 1046 
Cytophaga, 1014 
Polyangium, 1028, 1029, 1030 
, Sorangium, 1023 
Vibrio, 201, 203 
Paper 

Myxococcus, 1042 
Plant residues 
Bacterium, 824, 825 
Clostridium, 825 
Cytophaga, 1013 
Starchy materials 
Bacillus, 722 
Sugar refinery waste 
Lampropedia, 844 
Vegetable 
Bacillus, 721 
Spirillum, 214 
Vegetation 

Bacillus, 815, 819 
Thiothrix, 989 
Wood 

Chondromyces, 1037, 1039 
Clostridium, 825 
Myxococcus, 1042 
Synangium, 1033 
Watermelon 

Bacillus, 748, 751 
Water plants 
Lampropedia, 844 

Dogs 

Bile 

Bacteroides, 566 
Blood 

Leptospira, 1078 
Spirochaeta, 1066 
Streptococcus, 343 
Conjunctiva 
Corynebacterium, 406 
Erythrocytes 

HaemobartoneUa, 1104 
Fatal illness 
Rickettsia, 1096 
Feces 

Bacillus, 818 
Salmonella, 514, 529, 530 



1810 


INDEX OF SOURCES AND HABITATS 


Dogs (continued) 

Genital organs 
SalmonellUf 514, 529, 530 
Intestine 
Bacterium f 680 
Salmonella^ 514, 529, 530 
Spirochaeta, 10^ 

Liver 

Acuformis, 812 
Nasal mucosa 
Zuberellaj 578 
l^asal mucus 
Bacillus, 740 
Not pathogenic for 
Mycobacterium, 880 
Nocardia, 896 
Preputial secretions 
Hemophilus, 588 

Red blood cells, sec Erythrocytes 
Skin 

Coryneihrix, 406 
Stomach 

Bacillus, 651, 671 
Spirillum, 217, 218 
Spirochaeta, 1069 
Throat 

Streptococcus, 345 
Urine 

Bacillus, 740 

Dogs, Diseases of 

Abortion 
Brucella, 562 
Abscess 

Micrococcus, 273 
Actinomycosis 
Actinomyces, 927 
Bronchitis 
Nocardia, 919 
Cancerous ulcers 
Spirochaeta, 1074 
Catarrh 

Pseudomonas, 146 
Cerebromeningitis 
Nocardia, 919 
Distemper 
Brucella, 563 
Endometritis 
Bacterium, 677 
Glanders 
Malleomycea, 555 


Haemobartonellosis 
Haemohartonella, 1102 
Hemorrhagic septicemia 
Pasteurella, 549, 550, 553 
Human tuberculosis 
Mycobacterium, 878 
Leukemia 
Bacterium, 680 
Streptococcus, 337 
Lymphadenitis 
Nocardia, 919 
Measles 

Streptococcus, 341 
Peritonitis 

Actinomyces, 915 
Phlegmon 
Actinomyces, 915 
Plague 

Spirochaeta, 1068 
Pleuropneiunonia-likc disease 
Asterococcus, 1292 
Pneumonia 
Brucella, 563 

Purulent infectious, urinary tract 
Corynebacterium, 389 
Pyorrhoea 
Leptothrix, 366 
Rabies, vaccine contaminant 
Flavobacterium, 437 
Rabies-like disease 
Bacillus, 663 
Ringw^orm 
Actinomyces, 916 
Uremia 

Leptospira, 1078 

Dung, see Manure (Dung) 

Dust, also see Air. 

Achromobacter, 424, 425, 427 
Actinomyces, 968, 970 
Bacillus, 712, 717, 723, 725, 726, 729, 
730, 731, 732, 733, 734, 735, 736, 737, 
738, 739 

Bacterium, 605, 682 
Chromobacterium, 233 
Clostridium, 786, 817, 820 
Diplococcus, 309 

Micrococcus, 237, 239, 240, 243, 244, 
253, 255, 256, 257, 258, 259, 260, 262, 
264, 265, 269, 273, 275, 276, 277, 278, 
279, 280, 281 
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Dust (conhnusi) 

Miyagawanella, 1117 
Myccbacterium, 889, 890 
Sarcina, 286, 290, 292, 293 
Serratia, 484 
Streptococcus, 316, 340 
Streptomyces, 936, 936, 949 

Dusts 

Stable 

Micrococcus, 265 
Street 

Clostridium, 786, 820 

Eggs, see Foods and Foodstuffs 
Evaporated milk, see Dairy Products 

Feces, Animal, see Manure (Dung) 
Feces, Human 

Also see Human Sources, Intestine 
Aercbacter, 456, 467 
Alcaligenes, 413, 416 
Bacillus, 612, 647, 661, 652, 664, 656, 
661, 662, 665, 666, 668, 721, 736; 737, 
738, 744, 746, 748, 749, 753, 755, 756, 
813, 817, 818, 825, 826 
Bacterium, 601, 607, 673, 675, 681, 683. 

687, 769, 760, 761, 762 
Bacteroides, 567, 568, 569, 570, 571,572, 
573, 574, 575 
Bifidobacterium, 369 
Catenabacterium, 368 
Clostridium, 773, 774 , 782, 785, 787, 
788, 791, 793, 794, 796, 797, 799, 800, 
801, 802, 809, 810, 811, 812, 820, 821, 
822, 824, 826 
Corynebacterium, 401 
Eberthella, 533, 534 
Escherichia, 447, 450, 451, 452, 453 
Eubacterium, 368 
Granidcbacillvs, 826 
Kurthia, 613 

Lactobacillus, 353, 354, 357, 359, 362 
Microbacterium, 370 
Micrococcus, 252, 253, 257, 259, 260, 
266, 266, 270, 272, 274, 275, 276, 277, 
278, 279, 280, 281, 695 
Microspira, 202 
Proteus, 488, 490, 491 
Pseudomonas, 90,148 
Ramihacterivm 369 


Salmonella, 602,604,606,606, 510,611, 
512, 613, 614, 616, 617, 618, 619, 620, 
622, 624, 626, 626, 627, 628, 629, 630, 
631 

Shigella, 637, 638, 639, 640, 642, 643, 
644 

.Spirochaeta, 1067, 1069, 1070 
Staphylococcus, 282 

Streptococcus, 322, 323, 326, 327, 330, 
333, 336, 339, 341, 343 
Vibno, 204, 205 

Feces, Infant 

Micrococcus, 267 
Neisseria, 301 
Pseudomonas, 198 
Staphylococcus, 281 

Fermenting and Fermented Materials 

Agave americana, sap 
Pseudomonas, 106 
Alcohol infusions 
Bacterium, 675 
Ale, bottled 
Acetcbacter, 692 
Beer, see Beer 
Beet juice 
Acetcbacter, 189 
Beets 

Bacillus, 666, 664,752,767 
Bacterium, 675, 678, 686, 761 
Lactobacillus, 367 
Beverages 

Acetobacter, 181, 182 
Bread dough 

Bacillus, 667, 664, 742 
Bacterium, 683 

Lactobacillus, 357 , 369, 361, 363 
Cabbage, see Sauerkraut 
Cereal mash 
Lactobacillus, 363 
Corn mash 
Clostridium, 781, 825 
Lactobacillus, 367 
Dates 

Acetobacter, 184 
Dough 
Bacillus, 742 
Bacterium, 683 
Ensilage, see Silage. 

Fermented milk drinks, see Dairy 
Products, Fermented milk 
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Fermenting and Ferm^ntdd Materiale 

(continued) 

Figs 

Acetobacteff 184 

Flax retting, see Retting, Flax 
Fodder 

Bacillus, 760, 755 
Fruits 

Aeeiobacter, 181, 182, 183, 184 
Ginger beer 
Bacterium, 362 
Grain mash 
Acetobacter, 182 
Bacillus, 824 
Granidcbacter, 822, 824 
Lactcbacillus, 356, 357, 359, 363 
Hay 

Bacillus, 740 

Hemp retting, see Retting, Hemp 
Hydrogen peroxide solutions 
Acetobacter, 189 
Infusions 
Bacillus, 672 

Kenaf (Hibiscus) retting see Retting, 
Kenaf 

Kombucha from tea infusions 
Acetobacter, 189 
Malt 

Bacterium, 677,678,679,688,760, 761 
Malt beverages 
Acetcbacier, 182 
Malt infusion 
Micrococcus, 263 
Malt mash 
Sarcina, 287 
Mash, dried persimmon 
Acetdbacier, 184 
Mash, spoiled 
Pediococcus, 249 
Mash, vegetable 
Lactobacillus, 356, 357, 359, 361 
Methane fermentation in swamps 
Sarcina, 287 

Milk, Fermented see Dairy Products, 
Fermented Milk 
Molasses 
Clostridium, 781 
Lactobacillus, 359, 363 
Pickles 
Bacillus, 648 


—, cauliflovrer 
LactcbaciUus, S57 
—, cucumber 
Lactobacillus, 357 
—, tomato 

Lactobacillus, 357, 359 
Plant juices 
Pseudomonas, 106 
Plant materials 
Clostridium, 772 
Lactobacillus, 347 
Streptococcus, 325, 326, 327, 340 
Potato mash 
Amylcbacter, 813 
Clostridium, 781,808,819 
Lactobacillus, 356,357, 361 
Pulque 

Pseudomonas, 106 
Streptococcus, 338 
Sake 

Lactobacillus, 363 
Sauerkraut 
Bacillus, 657, 750 
Bacterium, 675 
Lactobacillus, 357, 359 
Pseudomonas, 146 
Silage 

Bacterium, 602 
Clostridium, 785 
Lactobacillus, 359 
Propionibacterium, 376 
Streptococcus, 336 
Slimy fermentation 
Bacillus, 749 
Soybean cake 
Bacillus, 757 
Tobacco 

Bacterium, 674, 682, 685 
Urea 

Staphylococcus, 282 
Urine 

Micrococcus, 238, 250, 260, 266, 267, 
269, 279, 280 
Sarcina, 289, 293 
Staphylococcus, 282 
Vegetables 
Acetobacter, 181, 182 
Lactobacillus, 347, 356, 357, 359, 361 
Vinegar 

Acetobacter, 181, 182, 183, 186, 187, 
188 
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Fennented Materials (continued) 
Vinegar (continued) 

Bacillua, 766 
Bacterium f 682 
—, quick process 
Acetcbcuitetf 187, 188 
—, wine 

Acetdbacter, 187,188 
Wine, see Wine 
Yeast, see Yeast 

Fishes 

African Mudfish, blood 
Spirochaeta, 1067 
Anchovy pickle 
Pediococcue, 250 
Anchovy, salted 
Vibrio, 204 
Blenny, intestine 
Treponema, 1045 
Brochet 

Bartonella, 1108 
Bullhead, Marine 
Treponema, 1074 
Carp, pathogenic for 
Bacterium, 642 
Proteue, 491 
Peevdomonae, 102, 149 
Mycobacterium, 883, 884 
Catfish 
Serratia, 462 
Codfish 
—, feces 

Achromobacter, 420, 423, 426, 427 
Flavobacteriun, 434 
—, intestine 
Achromobacter, 425 
Shigella, 544 
—, red salted 
Micrococcus, 259 
Peeudomonaa, 110 
Sarcina, 289 
—, slime 

Achromobacter, 420, 423, 426, 427 
Flavobacterium, 434, 436 
Croaker 

Mycobacterium, 884 
Dogfish 

Flavcbacterium, 436 
—, slime and feces 
AehromObacter, 420 


Eels 

BacUrium, 673 
Mycobacterium, 883 
Vibno, 208 
General 
Bacillus, 753 

. Pseudomonas, 102, 109, 149 
—, blood 
Rickettsia, 1097 
Spirochaeta, 1068 
—, intestine 

Chitin-digesting bacteria, 632 
—, rect'um 
Treponema, 1076 
—, skin 

Bacterium, 606, 612 
Micrococcus, 246 
Haddock 
Spirochaeta, 1065 
—, slime 

Flavobacterium, 438, 440, 441 
Hake 

Flavobacterium, 439 
Halibut 

PseudomonoLs, 145 
—, skin 

FlavObouiterium, 429, 434, 437 
Herring, salted 
Sarcina, 292 
Kilifish 

Pseudomonas, 109 
Lamprey eel 
Bartonella, 1108 
Marine fishes 
Mycobacterium, 883 
PseudomonoLS, 147 
Spirochaeta, 1067 
Treponema, 1075 
Perch, erythrocytes 
Grahamella, 1110 
Pollack 

Spirochaeta 1069 
Salmon, Blue-black. 

Chondrococcus, 1047 
Salmon eggs 
Achromobacter, 425, 692 

-, diseased 

Pseudomonas, 700 
Salted fishes 

Micrococcus, 259, 266, 268, 292 
Pseudomonas, 110 
Sarcina, 289 
Vibrio, 2Ga 
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Fishes (cofUintAed) 

Sardines, salted 
Vibrio, 204 
—, stomach 
Eubacterium, 367 
Sea bass 

Myeobaeterium, 884 
Sergeant major 
Mycobacterium, 884 
Shark, blood 
Borrdia, 1064 
Skate, slime and feces 
Flavobacterium, 434, 439 
Tench 

Bartonella, 1108 
Trout 

Bacterium, 686 
Whiting 

Microepironema, 1064 

Fishes, Diseases of 
Carp 

—, tumors 

Mycobacterium, 883, 884 
—, red spots 
Bacterium, 642 
Eels, diseased 
Bacterium, 673 
Mycobacterium, 883 
Vibno, 203 
General 

—, epidemic infection of fishes 
Badllua, 751 
Vibrio, 197 
—, fresh water fishes 
Hemorrhagic septicemia 
Peeudomonaa, 102,103 
—, skin lesions 
Peeudomonas, 102 
—, necrotic ulcers 
Rickettsia, 1097 
—, necrosis of the liver 
Chondrococcufi, 1047 
Mycobacterium, 884 
Kilifish, skin lesions 
Peeudomonos, 109 
Marine fishes 
Peeudcmmae, 149 

-, infected skin and muscle 

Pseudomonas, 109 
-, tuberottlosis 


Mycobacterium, 884 
Trout, furunculosis 
Bacterium, 686 
Salmon eggs 
Achromobactcr, 692 
Pseudomonas, 700 

Fishes, Scientific Names 
Abudefduf mauritii, 884 
Acropoma japonicum, 636 
Arrieiuras melas, 462 
Blennius pavo, 1075 
Box hoops, 1073 
Centropristes striatus, 884 
Clarias angolensis, 1067 
Coelorhynchus sp., 636 
Cottus bubalis, 1074 
Cyprinus carpio, 491, 642, 884 
Cyprinus sp., 102, 149 
Esox Ivcius, 1108 
Fundidus parvipinnes, 109 
Gadvs callarias, 420, 423, 425, 426, 
427, 434, 436, 544 
Gadus minutus, 1067 
Gadus poUachius, 1069 
Hippoglossus hippoglossus, 429, 434, 
436, 437 

Lepadogaster Mmacvlatus, 1075 
Melanogrammus aeglefinus, 438, 440, 
441 

Merlangus merlangus, 1064 
Micropogon undulatus, 884 
Oncorrhynchus nerka 1047 
Pelamys sarda, 1068 
Perea fluviatilis, 1110 
Petromyzon marinus, 1108 
Physiculus japonicus, 636 
Raja crinacea, 434, 439 
Saccobranchus fossilis, 753 
Squalus acanthias, 420, 427, 436 
Tetraodon fahaka, 1097 
Tinea tinea, 1108 
Trachurus japonicus, 694 
Trigla lucena, 1076 
Urophyds tenuis, 439 

Fomites 

Hairbrush 

Micrococcus, 253, 275 
Hospital shirt 
Serratia, 484 
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Foods and Foodstuffs 

Anchovies, pickled 
Micrococcus^ 260 
Asparagus, boiled 
Bacillus, 742, 748 
Bacterium, 759 
Bacon, tainted 
Vibrio, 702 

Beans, salted, purple discoloration 
Pseudomonas, 109 
Beef extract 
Bacillus, 734 
Beet juice, sugar 
Leuconostoc, 348 
Blood sausage 
Clostridium, 7SS 
Blutwurst 
Clostridium, 788 
Bread 

Bacillus, 661 
Bacterium, 680, 759 
—, rye 

Bacillus, 711, 750 
—, slimy 

Bacillus, 711, 758 
Bacterium, 760 
Butter, see Butter 
Candy 
Bacillus, 756 
Canned beans 
Bacillus, 750 
—, beets, blackened 
Bacillus, 739 
—, blueberries 
Bacillus, 735 
—, carrots 
Bacillus, 742 
—, corn, spoiled 
Bacillus, 734, 756 
—, corn, sulfur stinker spoilage 
Clostridium, 803 
—, evaporated milk 
Bacillus, 713, 738 
Pseudomonas, 103 
—, foods 

Bacillus, 713, 730, 731, 734, 756 
Clostridium, 779, 797 
—, goods, spoiled 

BactMus, 730, 731, 734 
—, goods, spoiled, non-acid 
Clostridium, 785, 803 


—, macaroni, spoiled 
Bacillus, 317 
—, peas 

Bacillus, 737, 766 
—, pumpkin 
Bacterium, 609 
—, pumpkin, swells 
Bacillus, 730, 731 
—, salmon, spoiled 
Bacillus, 817 
—, sardines 
Serraiia, 483 
—, spinach 
Bacillus, 825 
, string beans, spoiled 
Bacillus, 734, 748 
- tomatoes 
Bacillus, 756 
-, vegetables, flat sours 
Bacillus, 734 
Catsup 

Lactobacillus, 359 
Cheese, see Cheese 
Codfish, reddened salt 
Bacillus, 667, 742 
Flavobacterium, 442 
Pseudomonas, 110 
Corn meal 
Bacterium, 679 
Crab meat, musty odor 
Achromobacter, 425 
Cream, see Milk and Cream 
Dairy Products, see Dairy Products 
Dates, commercially packed 
Bacillus, 756 
Kggs, black rot 
Proteus, 490 
—, cooked 

Bacterium, 761 
—, duck 
Salmonella, 517 
—, hen^s 

Bacillus, 653, 654, 657, 659, 663, 
672, 747, 750 

Pseudomonas, 147, 148, 149, 150, 
179 

—, musty 

Achromobacter, 425 
Pseudomonas, 148,479 
—, powdered 
Salmonella, 510, 512, 513 



1316 


INDEX OF SOURCES AND HABITATS 


Foods and 'Foodstuffs (continued) 

Fish conserves 
Clostridium y 821 
herring, rusty 
Pseudomonas y 110 
—, salted 
Bacillus y 658 
Ristellay 576 
—, semi-dried 

FlavobacteriuMy 694 
Food conserves 
Bacillusy 741 
Gelatin, spoiled 
BadlluSy 75b 

General 

Serraiiay 481, 482 
Grapes, Spanish dried 
Bacteriumy 624 
Ham, salted 
Eubacteriumy 367 
—, ‘sour 

Clostridium y 784 
Horseradish, ground 
Bacillus y 757 
Margarine 

Bacillus y 662, 667 
Bacteriumy 681, 685, 689 
Meat 

Bacteriumy 678 
MicrococcitSy 258, 272, 281 
Streptococcus y 338 
—, extract 

Bacillusy 648, 651,740,745,746,749 
Bacteriumy 678, 760 
Micrococcus y 255, 267 
Streptococcus j 339 
—, pies 
Salmonella y 531 
—, spoiled 
Bacillus y 749 

Milk, see Milk and Cream 
Mincemeat, canned 
Bacillus y 757 
Oranges 

ButylobcLctery 825 
Oysters 

InflahiliSy 823 
Pickles 

BadlluSy 648, 754 
Sdlmonellay 519 


Plum preserves 
Bacillus y 753 
Pork 

Clostridium y 802 
Potato, cooked 
Bacillusy my 741,748 
Rice, cooked in chicken broth 
Serraiiay 484 
Salad dressing 
Lactobacillusy 363 
Sausage 

Bacillusy 749, 751, 752, 816 
Clostridiumy 778, 779 
Sdlmonellay 530 
Sugar, also see Sugar 
Bacillus y 742, 745, 747 
LeuconostoCy 347, 348 
Micrococcusy 260 
Spirillum y 217 
—, beet 

Bacillus y 747 

—, factories, frog spawn fungus 
LeuconostoCy 347, 348 
Spirillumy 217 
Tomato juice 
BacilluSy 713 

Tomato products, spoiled 
Lactobacillus, 357, 359 
Truffles, cooked 
Bacillus y 757 
Wiener skins 
Tetracoccus, 284 
Wurst 

Micrococcus, 258, 272, 281 

Goats 

Cerebrospinal fluid 
Streptococcus, 338 
Ck)rneal or conjunctival discharges 
Colesiota, 1120 
General 
Salmonella, 506 

Goats, Diseases of 

Abortion 
Brucella, 561 
Agalactia 
AnulomyceSy 1292 
Glanders 
MalleomyceSy 555 
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Goats, Diseases of (continued) 
Heartwater 
Cowdria, 1094 
Hemorrhagic septicemia 
Pasteurella, 549 
Keratitis 
Colesiota, 1119 
Lesions 
Nocardia, 900 
Ophthalmia, infectious 
Colesidta, 1120 
Pleuropneumonia, bovine 
Aster ococcus^ 1292 
Tuberculosis, bovine 
Mycdbacterium, 879 

Guinea Pigs 

Blood 

Rickettsia, 1086, 1088, 1089 
Spirochaeta, 1066, 1070 
Spiroschaudinnia, 1071 
Spironema, 1070 
Cadaver 
Bacillus, 815 
Caecum 

Metabacterium, 762 
Treponema, 1075 
Erythrocytes 

Haemcbartonella, 1104, 1108 
Erythrocytes, Peruvian guinea pigs 
Haemcbartonella, 1106 
Inoculated with soil 

Bacillus, 660, 817, 825, 826 
Hihlerillus, 822 
Intestine 

Cristispirilla, 1057 
Heliconema, 1064 
Oscillospira, 1004 
Sarcina, 287 

Intestine and genital organs 
Salmonella, 506, 527 
Liver 

Spirochaeta, 1065 
Lymph glands 
Bacillus, 659 
Monocytes 
Ehrlichia, 1095 
Mucus, intestinal 
Bacillus, 651 
Nasal mucosa 
Zvberella, 578 
Normal animals 
Veillmella, 304 


^ Not pathogenic for Johne’s disease 
Mycobacterium, 881 
Red blood cells, see Erythrocytes 
Tuberculosis, avian 
Mycobacterium, 880 
Tuberculosis, piscine 
Mycchacterium, 883, 884 
'Tuberculosis, snake 
Mycobacterium, 885, 886 
Tuberculosis, turtle 
Mycobacterium, 886 
Stomach 
Klebsiella, 459 
Tunica vaginalis 

Rickettsia, 1086, 1089 

Guinea Pigs, Diseases of 

Anthrax 

Bacillus, 720 
Brucellosis 

Brucella, 561, 562, 563 
Cervical adenitis 
Bacteraides, 575 
Epizootic 
Bacterium, 681 
Glanders 

Malleomyces, 555, 556 
Hemorrhagic septicemia 
PasUurella, 549, 550, 551, 553, 564 
Infections 
Gaffkya, 284 
Nocardia, 913 
Listerosis 
Listeria, 409 
Lymphadenitis 
Streptococcus, 317 
Maculatum disease 
Rickettsia, 1098 
Melioidosis 
Malleomyces, 556 
Septicemia 
Pseudomonas, 146 
Skin abscesses 
Neisseria, 301 
Tuberculosis, bovine 
Mycobacterium, 878 
Tuberculosis, human 
Mycobacterium, 878,879 
Tuberculosis-like disease 
Pasteurella, 553 
Tuberculosis, pulmonary 
Bacillus, 661 
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Hail 

BcLciUua^ 744 
MicrococcvAy 269, 279 

Hogs 

General 

Salmonella^ 502, 504, 505, 507, 509, 
510, 513, 514, 519, 521, 522, 525, 526, 
527, 530 
Genital organs 
Brucella^ 562 
Intestine 
Bacillus^ 753 
Lymph' glands 

Salmonella^ 505, 510, 513, 514, 518, 
524, 528, 529 
Liver, necrotic foci 
Sphaerophorus, 579 
Ovary 

BaetlluSf 757 
Peritoneal fluid 
Bacillus f 666 

Hogs, Diseases of 
Abortion 

Brucella^ 561, 562 
Abscesses 

Corynehacteriunif 388 
Vibrio^ 206 
Actinomycosis 
Actinomyces, 926 
Anthrax 

Bacillus, 720 
Blood in hog cholera 
Borrelia, 1063 
Bronchopneumonia 
Bacillus, 657 

Calcareous deposits in muscles 
Actinomyces, 972 
Caseous suppuration 
Corynebacterium, 406 
Conjunctivitis 
Rickettsia, 1120 
Cutaneous lesions 
Spirochaeta, 1069 
Diarrhoea 
Bacillus, 826 
Erysipelas 
Erysipelothrix, 411 
Heartwater-Hke disease 
RiekeUsia, 1007 


Hemorrhagic septicemia 
Pasteurella, &i8, 549 
Hog cholera 
Borrelia, 1063 
Salmonella, 509, 531 
Infections 

Corynebacterium, 391 
Influenza 

Hemophilus, 586 
Listeriosis 
Listeria, 409 
Marseille’s disease 
Bacililts, 662 
Measles 

Streptococcus, 341 
Pyorrhoea 

Leptothrix, 366. 
Septicemia 
Streptococcus, 317 * 

Swine erysipelas 
Bacillus, 652 
Erysipelothrix, 411 
Swine fever 
Salmonella, 509 
Swine plague (Hog cholera) 
Micrococcus, 278 
Tuberculosis, avian 
Mycobacterium, 880, 881 
Tuberculosis, bovine 
Mycobacterium, 879 
Ulcers, intestinal 
Borrelia, 1063 
Horses 
Blood 

Nocardia, 897 
Spirochaeta, 1066 
Female genital tract 
Klebsiella, 459 
Streptococcus, 340 
Foetus 

Streptococcus, 317 
General 

Rickettsia, 1097 
Salmonella, 518, 529 
Intestine 
Bacillus, 694 
Bifidobacterium, 369 
Streptococcus, 323, 327 
Zuberella, 577 
Hock-joint (foals) 
Nocardia, 910 
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Horses {continitei) 

Large intestine 

Bacillus, 612, 747, 749, 755, 813, 814, 
815,817,818,826,827 
Clostridium, 783, 799 
Euhacterium, 368 
Gaffkya, 284 
Hiblerillus, 822 
Inflabilis, 823 
Micrococcus, 261 
Liver 

Malleomyces, 555 
Salmonella, 507 
Nasal passages 
Corynebacterium, 385 
Not pathogenic for Avian tuberculosis 
Mycobacterium f 880 
Pneumonia 
Corynetkrix, 407 
Respiratory tract 
Streptococcus, 318, 337 
Saliva 

Nocardia, 975 
Skin 

Corynetkrix, 406 
Spleen 

Malleomyces, 555 
Throat 

Streptococcus, 345 
Urine 

Bacterium, 642 
Pediococcus, 250 
Sarcina, 291 

Horses, Diseases of 
Abortion 

Brucella, 561, 562 
Salmonella, 506 
Streptococcus, 336 
Abscesses on jaws 
Nocardia, 9^ 

Acne pustules 
Bacillus, 658 
Corynebacterium, 401 
Botryomycosis 
Micrococcus, 253 
Endometritis 
Streptococcus, 317 
Cvangrenous dermatitis 
Sphaerophorus, 579 
General 

Slnplocoeou$9 3*1 


Glanders 

Malleomyces, 551, 555 
Hemorrhagic septicemia 
Pasteurella, 549, 550, 551, 553 
Infections, genitourinary system 
Klebsiella, 459 
Influenza 
Streptococcus, 340 
Joint ill of foals 
Shigella, 542 

Lymphangitis, ulcerative 
Corynebacterium, 389 
Nasal secretion in glanders 
Bacterium, 683 
Pneumonia 
Bacterium, 684 
Streptococcus, 339 
—, infectious of foals 
Corynebacterium, 391 
Purulent infections, urinary tract 
Corynebacterium, 389 
Pus, respiratory tract 
Streptococcus, 318 
Ringworm 
Actinomyces, 916 
Stomatitis 
Treponema, 1074 
Strangles 
Streptococcus, 318 
Ulcerative lesions 
Corynebacterium, 389 
Wounds 

Corynebacterium, 385 

Human Diseases 

Abscesses 
Alcaligenes, 413 
Micrococcus, 242, 244 
Proteus, 488, 490 
Pseudomonas, 89 
Salmonella, 507 
Streptococcus, 333 
Veillonella, 303 
—, abdominal 
Bacillus, 815 
—, alveolar 
Bacterium, 678 
—, brain 

Bacillus, 656, 666, 815 
Capsularis, 577 
Nocardia, 807 
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Httman Diseases {continued) 
Abscesses, cervical 
Actinomycee^ 916 
—, chest 
NocardiOf 920 
—, dental 
Aerobactert 456 
Baeillu8f 650 
—, ear 

Corynebacterium^ 402, 403 
—, facial 

Bacterium, 607 
—, foot 

Actinomyces, 973 
—, iliac 
Oospora, 922 
—, inguinal 
Nocardia, 976 
—, intestinal 
Bacillus, 816 
jaw 

Actinomyces, 917 
Nocardia, 921 
ProactinomyceSf 923 
Streptotkrix, 924 
—, kidney 
Clostridium, 825 
—, liver 

Bacillus, 400, 660, 666 
Bacterium, 677 
Bacteraides, 567 
Cohnistreptothrix, 975 
Proteus, 490 
Sphaeropkorus, 579 
Vibrio, 205 
— lung 
Bacillus, 667 
RisteUa, 575 
Sphaeropkorus, 579 
—, mouth 

Corynebacterium, 402 
—, multiple 
Nocardia, 921 
—, osseus 
Diplococcus, 310 
—, palm 

Actinomyces, 971 
—, parotid 
Sireptomyces, 963 
perianal 

SpkaeropKorui, 580 


—, periuterine 
Veillonella, 303 
—, pulmonary 
Actinomyces, 917 
—, rectal 
Ebertkella, 534 
—, skin 

Streptococcus, 333 
—, subcutaneous 
Actinomyces, 916 
—, teeth 
Actinomyces, 917 
Aerobacter, 456 
Streptococcus, 320 
—, thoracic 
Clostridium, 821 
—urinary tract 
Bacter aides, 566 
Clostridium, 806 
Acholuric jaundice 
Streptomyces, 958, 962, 963, 965 
Acne pustules 
Micrococcus, 251, 259, 272 
Corynebacterium, 387 
Actinomycosis 
Actinomyces, 927, 971 
Cohnistreptothrix, 928 
Discomyces, 918, 928 
Nocardia, 921, 975 
Streptotkrix, 923 
—, bone 

Actinomyces, 917 
—, bronchial 
Actinomyces, 916 
—, lachrymal gland 
Actinomyces, 927, 970 
Nocardia, 910 
—, lung 

Actinomyces, 916 
Acute arthritis 
Spirochaeta, 1069, 1070 
African relapsing fever 
Borrelia, 1061 
Akiyami (Japan) 

Leptospira, 1078 
Alopecia areata 
Micrococcus, 259 

Alveolar pyorrhea, see Pyorrhea alveo- 
laris 

Anal pus pocket 
Corynebacterium, 406 
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Human Diseases (continued) 

Anemia 

Haemdbartonella^ 1104 
—, pernicious 
Salmonella y 522 
Angina 

Streptobacillusy 589 
—, Ludwig’s 
Streptococcusy 329 
—, Vincent’s 
Borreliay 1063 
Anginous exudate 
Actinomycesy 917 
Anorectal inflammation 
MiyagawanellOy 1116 
Anthrax 

Bacillus y 720 
Micrococcus y 263 
Proteus y 691 

Aphthous ulcers of gingival and buccal 
mucosa 

Veillonellay 304 
Appendicitis 

Bacillusy 762, 814, 817, 818, 826, 827 
BacteroideSy 566, 567 
Clostridiumy 773, 776 
Corynebacteriumy 403 
DiplococcuSy 309, 310 
Fuscbacteriumy 582 
OosporUy 922 
RamibacteriuMy 369 
Ristellay 575 

Streptococcusy 329, 330, 331, 332, 333 
Veillonellay 302, 304 
—• gangrenous 

SphaerophoruSy 579 
Arthritis 

Bacteriumy 674 
DiplococcuSy 307 
Micrococcus y 259 
Neisseria y 301 
StreptobacilluSy 589 
—, acute 

Spirochaetay 1069,1070 
Ascitic fluid, old 
SarcinOy 293 
Balanitis 
Spirochaetay 1065 
Bantfi’s disease 
Streptamycesy 960 
Bartoneliosis 
Bartonella, 1101 


Beriberi 

Bacillusy 649, 738 
Micrococcus y 253 
Black water fever 
Leptospira y 1078, 1079 
Blue pus 
Pseudomonas y 89 
*Boils 

Micrococcusy 242, 268 
Botulism 
Bacillus y 814 
Clostridiumy 779 
Boutonneuse fever 
Rickettsia y 1089, 1098 
Bright’s disease 
Streptococcus, 338 
Bronchiectasis 
CapsiUariSy 577 
Streptococcus, 332 
Bronchitis 
Actinomyces, 973 
Bacillus y 590 
CladothriXy 974 
Nocardia, 921 
Spirockaeta, 1065 
Vibrio, 206 
Zuberella, 578 
—, chronic 
Ristella, 576 
—, fetid 
Bacillus y 613 
—, putrid 
Bacillus, 740 
Bronchopleuropneumonia 
Nocardia, 921 
Bronchopneumonia 
Bacterium, 690 
Brucellosis 

Brucella, 561, 562 
Buboes 

Pasteurella, 549, 661 
Bubonic plague 
Nocardia, 920 
Bullis fever 
Rickettsia, 1098 
Cancer of the stomach 
Bacillus, 740, 746 
Cancerous tissue 
Micrococcus, 268 
Cancerous ulcers 
Spirockaeta, 1074 
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Human Diseases {continued) 

Carat e 

Trepaneinu, 1073 
Carcinoma, ulcerating 
Spirochacitty 1074 
('arrioii’s disease 
Bartonella y 1101 
Catarrh 

Micrococcusy 25S 
Xcisseria, 298 
Staph ylococc iis , 282 
—, acute 

Staphylococcus , 282 
'—, acute epidemic 
Corynehacierinmy 401 
Central and South African iclapsinj; 
fever 

Borrelia, 1060 

Cerebrospimil meningitis, epidemic 
Neisseria^ 297, 302 
Chancroid 

Hemophilus y 587 
Chancroidal ulcers 
Streptococcus y 341 
Chicken pox pustules 
Streptococcus y 345 
Choleocystitis 
Ristellay 577 
Cholera 

Bacillus y 659, 665, 667, 73S 
Bacteriuruy 687 
Escherichiay 447 
Spirillumy 217 
VibriOy 194, 204, 205, 206 
Cholera infantum 
AlcaligeneSy 415 
Vibrio y 198 
Cholera-like disease 
Vibrioy 205, 206 
Cholera nostras 
VibriOy 198 

Chromidrosis of axilla 
Micrococcus y 256 
Chronic endometritis 
Vibrio y 198 
Climatic bubo 
Miyagawanellay 1116 
Colitis 
Shigella y 543 
Colitis, ulcerative 
Micrococcus y 696 


C'olumbensis fever 
Salmonellay 531 
Conjunctival catarrh 
Bacter'i uni , 677 
Conjunctivitis 
Actinomycesy 916, 968, 969 
Bacillus y 741 
Bactcnuniy 75i) 

Hemophilus, 585 
Micrococcobacillus , 6!H) 

MimcaCy 595 
Xcisseria, 301 
Strcptothrixy 024 
angular 

M oraxelUiy 591,5‘.)2 
—, granular 
Bacillus, 589 
Xoguchia, 593 
- . inclusion 
Chlam ydozoon ,1115 
—, neonatal 

Chlamydozomiy 1115 
—, swimming pool 
Chlarnydozoon, 1115 
CWnea, infected 
Bacterium, 679, 685 
Corneal ulcerations 
Moraxella, 591, 592 
Cracked heels 
Actinomyces, 916 
(’ystitis 

Bacillus, 650, 653, 665, 666, 668, 741, 
758 

Bacterium, 580, 676 
Escherichia, 447 
Micrococcus, 248 
Proteus, 490 
Shigella, 543 
Staphylococcus, 282 
Streptobacillus y 590 
Streptococcus, 339, 343, 344, 345 
—, fetid 

Clostridi um , 825 
—, pus 

Actinomyces, 918, 974 
Dacryocystitis 
CohnistrepioihriXy 975 
Dengue 

Leptospira, 1078, 1079 
Dental caries 

Acidobacterium, 361 
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Human Diseases (conLinuM) 

Dental earicvs (continued) 

Banlliis, .352, 7U, 74.5 
Lactoifficilhis^ ,%,S 
Leplotiichid^ ;3r),5 
Streptococcus, 320, 330, 311, 312 
Vihno. 202 
Dermatosis 

Cohnistreptothnx, 018, 97,5 
Nocardia, 921 
DiabeU's 
Bacillus, 813 
I)iarrho('a 

Bacillus, 659, 660, 813, .S!.^ 
Closindium, 820 
rote us, 488 
Ristella, 576 

Salmonella, .506, 511, 515, 510, 522, 
524, 528 

Shigella, 538, .530 .’iO 
Diphiheria 
Bacillus, 752 

Coryncbacieriufv, 38.5, AiM), 40i, 107 
Micrococcus, 260 
Slieptococcus, ,337 
Dutch Mast liuiics :,vcr 
Leptospira, 1078 
Dysenteric cnt(‘ritis, ( ovlon 
Spu ilium, 218 
Dysentery 

Bacterium, 683 
Ebcrthella, 534 
Salmonella, 531 

Shigella, 536, 537, 538, 539, .540, 542, 
543 , 544 
Vibrio, 204 
—, Egyptian 
Bacillus, 400 
Eczema 

Bacillus, 651, 654, 656 
Baclei ium, 674 , 683 , 686 
Micrococcus, 257, 259, 278 
—, se burr hole 

Pseudomonas, 148 
Elephantiasis 
Bacillus, 659 
Emphysema 
Bacillus, 826 
Emphysematous li\cr 
Clostridium, 821 


PJmpyema 

Diplococcus, .307 
Lepiothrix, 366 
purulent 
('npsularis, 577 
Endemic typhus 
. Rickettsia, 1086 
Endocarditis 
Actinomyces, 917 
Bacillus, 654 
Cillobuclcn urn, 369 
(''or ynebacici ium, 101,405 
Diplocotc is, 307 
Ucftiophil us, .589 
tphylucocf us, 282 

<// eptococc us, 321,326,327,33!), 313,344 
1 lino, 206 
- , M‘ptic 
Biannum, .50() 

—, ulci'rative 
y ici ococcus, 274 
Staphylococcius, 282 
Enteric fever 

Salmonella, 501, 502, .503, ,505, 507, 
5t)9, 511, 613, 514, 517, 518, 519, 
523 . 521, ,525 ,520, ,527 , 528 , 529 
Ent(‘ritis 

Xocardia, 920 
Saicina, 292 
ASlrcptococcus, ,3,3!), .341 
lOruptive fever 
Rickettsia, HX80 
lOrysipoIas 

Streptococcus, 315, 318, 314 
10 ry si pehis, gaiig re nous 
lit Stella, 575 
lOrysipoloid 
Erysipelothnx, 411 
Erythema intertrigo 
Microroccius, 264 
10 ry I he ma m u 11 1 f o r m e 
Streptobacillus, 589 
Erythema nodosum 
Bacillus, 712 
Er^dhoma ot the skin 
Micrococcius, 263 
Erythrasimi 
Discornyces, 01!) 

Nocar did, 921 
Esihioniena 
Miyagaxvanella, 1116 
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Human Diseases (continued) 

European relapsing fever 
Borrelia, 1060 
European typhus 
Rickettsia y 1085 
Exanthematous typhus 
Rickettsia, 1085 
Spirochaeta, 1067 
Febrile illness 
Rickettsia, 1098 
Felons with red pus 
Serratia, 484 
Fever, see 
Blackwater fever 
Boutonneuse fever 
Bullis fever 
Columbensis fever 
Endemic typhus 
Enteric fever 
Eruptive fever 
European typhus 
Dutch East Indies fever 
Five day fever 
Kenya typhus 
Malta fever 
Marseilles fever 
Mediterranean fever 
Mexican typhus 
Mianeh fever (Persia) 

Murine typhus 

Oroya fever 

Paratyphoid 

Parenteric fever 

Parrot fever 

Postnatal fever 

Pretibial fever 

Puerperal fever 

Q (Queensland) fever 

Rat bite fever 

Recurrent fever 

Rocky Mountain spotted fever 

Sao Paulo exanthemic fever, Brazil 

Scarlet fever 

Scrub typhus 

Seven day fever, Japan 

Shin bone fever 

South African tick bite fever 

South American relapsing fever 

Spanish relapsing fever 

Spotted fever, Minas Geraes 

Swamp fever, Europ>e 

Tobia fever, Colombia 


Trench fever 
Typhoid fever 
Typhus fever 
Western relapsing fever 
Wolhynian fever 
Yellow fever 
Five-day fever 
Rickettsia, 1095 
Food poisoning 
Bacillus, 665, 669, 670, 672 
Salmonella, 503, 504, 510, 511, 513, 
514 , 517, 519, 521, 523, 528, 529, 
530, 531 
Furuncles 
Micrococcus, 242 
Gangrene 
Bacillus. 814 
Clostridium, 819 
—, buccomaxillary 
Leptospira, 1078 

Gangrene, gas, see Gas gangrene 
—. lung 

Bacterium, 680 
Catenabacteriurn, 365 
Streptococcus, 329,330, 331, 332, 343 
—, mouth 
Streptococcus, 342 
—, pulmonary 
Bacillus, 827 
Bacteroides, 566, 567 
Veillmiella, 303, 304 
—, putrefactive 
Streptococcus, 329 
—, senile 
Bacillus, 757 
Gangrenous foot 
i4scococc?^,s, 250 
Gangrenous lung exudate 
Bacillus, 613 

Gangrenous phlegmon, mouth 
Spirochaeta, 1070 
Gangrenous pulp, tcx>tli 
Bacillus, 666, 745 
Gangrenous wounds 

Bacillus, 815, 825, 826, 827 
Clostridium, 792, 812, 825 
Martellillus, 823 
Reglillus, 823 
Rcbertsonillus, 823 
Gas gangrene 

Bacillus, 753, 813, 816, 817, 824, 825, 
826 
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Human Diseases {continued) 

Gas gangrene {continued) 

Clostridium, 773, 778, 782, 783, 784, 
788, 791, 794, 796, 821 
Martellillus, 823 
Streptococcus, 330 
Gaseous edema 
Clostridium, 826 
Gaseous phlegmons 
Bacillus, 826 
Gastric derangement 
Bacillus, 738, 814 
Gastroenteritis 
Bacillus, 751 
Paracdchactrum, 460 
Proteus, 488, 490 

Salmonella, 504 , 505, 506, 507, 509, 
511, 512, 513, 514, 515, 517, 518, 
519, 521, 522, 523, 524, 525, 528, 
529, 532, 701 
Genesiosalles 
Nocardia, 920 
Gikayami (Japan) 

Leptospira, 1077 
Gingivitis 
Fusobacterium, 583 
Glanders 
Malleomyces, 555 
Glanders-like disease 
Malleomyces, 556 
Glossitis 
Micrococcus, 696 
Gonorrhoea 
Neisseria, 296 
Micrococcus, 240, 276 
Granuloma 

Actinomyces, 917 
Granuloma inguinale 
Donovania, 559 
Klebsiella, 499 
Spirochaeta, 1065 
Granuloma, malignant 
Corynebacterium, 403 
Gummy lesions 
Micrococcus, 268 
Harvest sickness, Japan 
Leptospira, 1078 
Hemorrhagic infection 
Bacterium, 553 
Hemorrhagi nephritis 
Bacterium, 553 


Hemorrhagic septicemia 
Bacterium, 677 
Pasteurella, 549 

Hodgkin’s disease, lymph glands 
Corynebacterium, 402, 403, 404 
Illinois virus 
Miyagawanella, 1119 
Indian relapsing fever 
Borrelia, 1062 
Infant diarrhoea 
Streptococcus, 339 
Infantilism 
Bacillus, 746 
Infections 
Actinomyces, 973 
Corynebacterium, 694 
Neisseria, 296 

Nocardia, 899, 901, 907 , 912 
Proteus, 491 
Salmonella, 531 
Sphaerophorus, 579 
Streptococcus, 316, 321, 340, 342, 343, 
344, 345 

Streptomyces ,961,962,963,964,965,967 
—, arms, legs and chest 
Actinomyces, 917 
—, bladder 

Actinomyces, 918 
—, genitourinary tract 
Escherichia, 447, 452 
~ leg 

Bacterium, 401 
—, outer ear 
Nocardia, 919 
—, perinc^al 
Clostridium, 825 
—, puerperal 
Actinomyces, 580 
Bacteroides, 567 
—, pulmonary 
Actinomyces, 916 
—. urinary 

Bacteroides, 567 
—, uterus 
Bacillus, 668 
Inflamed upper lip 
Micrococcus, 696 

Inflammations, genitourinary tract 
Chlamydozoon, 1115 
Inflammatory skin disease 
Ristella, bl% 
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Human Diseases (continued) 

Influenza 
Dialister, 595 
Hemophilusy 585, 586 
Micrococcus^ 264, 272, 277 
Sarcina, 294 

Streptococcus, 340, 341, 342, 344, 345 
—, nasal washings 
Veillonella, 303 
Intestinal intoxication 
Micrococcus, 247 
Intestinal ulcer 
Bacteriujrij 677 
Jaundice, acholuric 

Strepiomyces, 958, 962, 963, 965 
Spiroschaudinnia, 1071 
—, infectious 
Leptospira, 1077 
Pseudomonas, 90 
Kenya typhus 
Rickettsia, 1089 
Keratitis 

Actinomyces, 915, 917 
Discomyces, 918 
Kolpohyperplasia cystica 
Bacillus, 826 
Leproma 
Actinomyces, 916 
Leprosy 

Mycobacterium, 882, 887 
Leprosy-like lesions 
Mycobacterium, 882 
Leprous lesions 
Mycobacterium, 882 
Leukemia, lymphatic 
Bacterium, 689 
Spirochaeta, 1068 
Lichen planus 
Ristella, 576 
Lichen ruber 
Bacillus, 660 
IJngua nigra 
Oospora, 922 
Listeriosis 
Listeria 409 

Liver abscesses, see Abscesses, liver 
TJver, acute yellow atrophy 
Bacillus, 659 
—, infected 

Micrococcus, 272 


Louisiana pneumonia 
Miyagawanella, 1119 
Lung diseases 
Actinomyces, 970 
Mycobacterium, 878 
Nocardia, 899 
—, exudate 
Sarcina, 290 
Lupus 

Bacillus, 661 

Lymphogranuloma inguinals 
Miyagawanella, 1116 
Lymphogranuloma venereum 
Miyagawanella, 1116 
Madura foot 

Nocardia, 909, 915 
Streptothrix, 924 
Malignant edema 
Bacillus, 826 
Proteus, 691 
Malignant tumor 
Spirochaeta, 1067 
Malta fever 
Brucella, 561 
Marseilles fever 
Rickettsia, 1089 
Mastitis 

Tetracoccus, 284 
Mastoiditis 

Bader aides, 566 
Diplococcus, 307 
Staphylococcus, 262 
Measles 

Diplococcus, 311 
Salmonella, 513 
Streptococcus, 341 
Veillonella, 303, 304 
Mediterranean fever 
Rickettsia, 1089 
Melioidosis 

Malleomyces, 556 
Meningitis 
Bacillus, 662 
Cillobacterium, 369 
Corynebacterium, 403 
Diplococcus, 307 
Lactobacillus, 361 
Malleomyces, 556 
Neisseria, 297, 299, 301, 302 
Salmonella, 505,522,527 
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Human Diseases (conliniied) 
meningitis (continued) 
Streptococcus y 341 
—, cerebroinapls fluid 
Neisseria y 209 
—, purulent 

Bacteriumy 676, 682 
Hemophilusy 585 
Sphaerophorusy 579, 580 
Meningopneumonitis 
Miyagawanellay 1117 
Mexican typhus 
Rickettsia y 1085 
Mianeh fever, Persia 
Spirochaetay 1069 
Middle ear infections 
Staphylococcus y 282 
Mite bite lesions (eschar) 
Rickettsia y 1091 
Moroccan relapsing fever 
Spirochaetay 1067 
Multiple sclerosis 
Spirochaetay 1065 
Murine typhus 
Rickettsia, 1087 
Mycetoma 

Aciinomycesy 916, 918 
Discomyces, 918, 919 
Nocardia, 901, 907, 919, 921 
Proactinomycesy 928 
Streptomyces y 959, 961, 966 
StreptothriXy 924 
Mycosis fungoides 
Streptococcus y 343 
Mycosis, pulmonary 
Oosporoy 923 
Necrosis 

Clostridiumy 811, 821 
Granulobactery 822 
—, intestinal 
Bacillus y 659 
Nephritis 
Bacillus y 663 
Bacteriumy 682, 760 
Nodular peritoneum 
Bacillus y 666 
Oosporosis, pulmonary 
Oosporoy 922 
Ornithosis 
Miyagawanellay 1117 
Oroya fever 
Bartonella, 1102 


Osteomyelitis 
Bacillus y 664 
Ristella, 575 
StreptococcuSy 330 
Osteophlcgmon, maxillary bone 
Pseudomo7iaSy 701 
Otitis 

Bacteroidesy 567 
Cillobacteriumy 349 
SphaerocilluSy 580 
Sphaerophorus y 579 
Otitis media 
Bacillus y 666 
Corynebacterium y 402 
DiplococcuSy 307 
Ozena 

Bacillusy 658 
Corynebacterium y 407 
Klebsiellay 459 
PseudofnonaSy 95 
Salmonellay 531 
Sarcina, 292 
StreptococcuSy 340 
—, secretions 
Micrococcus, 266 
Paratyphoid 

Salmonellay 501, 507, 530, 552 
Parent eric fever 
Eberthellay 534 
Parotitis cpidemica 
Micrococcus, 270 
Parrot fever 
Miyagawanellay 1117 
Pasteurellosis 
Pasteurella, 553 
Pellagra 
Bacillus, 748 
Micrococcus, 281 
Pseudomonas, 148 
Pemphigus acutus, bullae 
Micrococcus, 270 
Pemphigus contagiosa, bullae 
Micrococcus, 270, 271 
Pemphigus neonatorum, bullae 
Micrococcus, 271 
Pericardial exudate 
Bacillus, 745 
Pericarditis 

DiplococcuSy 307 
Nocardia, 899 
Spirillum, 217 
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Human Diseases {continue^ 
Peritoneal exudate 
SphaerophoruSy 579 
Peritonitis 

Clostridium^ 820 
Ramihacterium, 369 
Streptococcusy 307 
Pernicious anemia 
Salmonella y 522 
Pertussis 

Bacterium y 590 
Hemophilus y 586, 589 
Petechiae in skin 
Neisseria, 297 
Phagadenous ulcer 
Borrelia, 1064 
Pharyngitis 
Zuberella, 578 
Phlegmon, perinephritic 
Streptococcus, 329 
Phthisis 

Bacteriumy 687 
Sarcina, 293 
Pink eye 

Bacillus y 589 
Pinta 

Treponema, 1073 
Pityriasis 

Discomyces, 919 
Plague 

Pasteurella, 549 
Pleurisy 

Streptococcus, 329, 332 
—, purulent 

Euhacterium, 367 
Pasteurella, 554 
Ristella, 577 
Streptobacillus y 581 
Pleuropneumonia 
DiplococcvSy 310 

Pleuropneumonia-like disease, 1293 
Pneumonia 

Actinomyces, 973 
Bacillus, 647, 665, 703, 918 
Brucella, 563 
Diplococcus, 307 
Klebsiella, 458 
Salmonella, 518 
Streptococcus, 341 
Pneumonia, atypical 
Miyagawanella, 1117 


—, catarrhal 
Bacterium, 687 
—, louisiana 

Miyagawanella, 1119 
—, septic 

Bacterium, 684 
—, virus 

Miyagawanella, 1119 
Pneumonic plague 
Pasteurella, 549 
Pneumonitis 
Miyagawanella, 1119 
Polyarthritis 

Corynehacterium, 402 
Postnatal fever 

Corynebacterium, 405 
Postpoliomyelitic paralysis 
Veillonella, 304 
Pretibial fever 
Rickettsia, 1098 
Prostatitis 

Actinomyces, 918, 974 
Pseudoactinomycosis 
Actinomyces, 916 
Nocardia, 921 
Pseudodysentery 
Shigella, 538 
Pseudomycosis 
Micrococcus, 696 
Pseudotuberculosis, pulmonary 
Nocar dia, 919 
Psittacosis 

Rickettsia, 1095 
Miyagawanella, 1117 
Psoriasis 

Nocardia, 921 
Puerperal fever 
Baxdllus, 580 
Micrococcus, 246 
Streptococcus, 318, 329, 331 
Puerperal septicemia 
Clostridium, 821 
Staphylococcus, 701 
Pulmonary mycosis 
Oospora, 923 
Pulmonary oosporosis 
Oospora, 922 
Pulmonary tuberculosis 
Actinomyces, 917 
Myccbacterium, 878, 897 
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Human Diseases (continued) 

Pulmonary tuberculosis (continued) 
OosporUf 923 
Streptococcus^ 343 
Purulent pleural fluid 
Salmonella, 577 
Purulent urethral discharge 
Spirochaeta, 1074 
Pus 

Actinomyces, 916, 927, 971, 974 
Bacillus, 659, 665, 737, 826 
Bacterium, 678, 685 
Clostridium, 806 
Corynebacterium, 403, 406 
Leptospira, 1078 

MicrococcVjS, 241, 242 , 243, 251, 256, 
275 

Nocardia, 921 
Oospora, 922 
Proactinomyces, 923 
Sarcina, 293 
Spirochaeta, 1069 
Staphylococcus, 282 
Streptococcus, 316, 321, 326, 341 
Streptomyces, 963 
Pus, anal pocket 
Corynebacterium, 406 
—, blue 

Pseudomonas, 89 
—, ears of scarlet fever patients 
Corynebacterium, 402, 403 
—, gonorrhoeal 
Micrococcus, 276 
Neisseria, 240 
—, joints 

Hemophilus, 585 
Neisseria, 296, 297 
—, peritoneal 
Streptococcus, 337 
—, pyelitis calculosa 
Vibrio, 206 
—, stinking 
Bacillus, 583 
—, tetanus 
Bacillus, 649 
—, teeth 

Chromobacterium, 234 
Pyelitis calculosa 
Spirillum, 217 
Vibrio, 206 
Pyelocystitis 
KMsiella, 458 


Pyemia 
Bacterium, 685 
Sphaerophorus, 580 
Pyorrhoea 
Streptothriz, 923 
Pyorrhoea alveolaris 
Micrococcus, 262 
Spirochaeta, 1069 
Treponema, 1072 
Veillonella, 303, 304 
Pyrexia 

Salmonella, 519 
Q (Queensland) fever 
Coziella, 1093 
liabies 

Streptococcus, 340 
Pag picker’s disease 
Proteus, 691 
Rat bite fever 
Actinomyces, 972,974 
Spirillum, 215 
Streptothriz, 924 
Rectal ulcer 
Eubactenum, 367 
Recurrent fever 
Spirochaeta, 1067 
Red perspiration 
Micrococcus, 263 
Relapsing fever 

Borrelia, 1060, 1061, 1062, 1063, 1064 
Spirochaeta, 1065, 1066, 1069, 1070 

-, African 

Borrelia, 1061 

-, Central and South Africa 

Borrelia, 1060 

-, European 

Borrelia, 1060 

-, Indian 

Borrelia, 1062 

-, Moroccan 

Spirochaeta, 1067 

-. South American 

Borrelia, 1064 

-, Spanish 

Spirochaeta, 1067 

-Western 

Borrelia, 1064 
Rheumatism 
Streptococcus 343 
—, acute 
Actinomyces, 927 
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Human Diseases (continued) 
Rheumatism, articular 
Micrococcusf 275 
SpirochaetOf 1070 
Rhinitis 
Zvberella, 578 
—, chronic 
Salmonella^ 531 
Rhinophary ngi t is 
Treponema, 1076 
Rhinosclcroma 
Klebsiella, 459 
Rickettsial (X)x 
Rickettsia, 1092 

Rocky Mountain spotted fever 
Rickettsia, 1088, 1089, 1098 
St. Vitis dance 
Nocardia, 975 

Sao Paulo exanthemic fever 
Rickettsia, 1088 
Sarcoma 

Bacillus, 744 
Scarlatina 
Bacillus, 656 
Corynebacterium, 406 
Nocardia, 919 
Scarlet fever 

Bacillus, 649, 668 
Micrococcus, 255, 275 
Neisseria, 301 
Streptococcus, 315, 343 
Veillonella, 303, 304 
Scrub typhus 
Rickettsia, 1091 
Scurvy 

Bacterium, 678 
Seborrhoic eczema 
Pseudomonas, 148 
Septicemia 
Bacillus, 738 
Bacterium, 553, 674 , 686 
Bacteraides, 566, 567 
Chromobacterium, 232, 233 
Clostridium, 796, 821,826 
Miyagawanella, 1119 
Streptococcus, 316 
Seven-day fever, Japan 
Leptospira, 1077 
Shin bone fever 
Rickettsia, 1005 


Skin abscess 
Streptococcus, 333 
—, ulcers 

Aurococcus, 250 
Sleeping sickness 
Borrelia, 1062 
Smallpox pustules 
Bacterium, 674 
Staphylococcus, 282 
Streptococcus, 345 
Soduku 

Streptothrix, 924 
Soft chancre 

Hemophilus, 587 
South African tick bite fever 
Rickettsia, 1089 

South American relapsing fever 
Borrelia, 1064 
Spanish relapsing fever 
Spirochaeta, 1067 
Splenic anemia 
Streptomyces, 964 
Splenomegalia 
Bacter aides, 581 
Nocardia, 922 
Sporotrichosis 
Actinomyces, 916 
Nocardia, 911 

Spotted fever, Minas Geraes 
Rickettsia, 1088 
Spotted sickness 
Treponema, 1073 
Stomach cancer 
Sarcind, 286, 290, 291 
Stomatitis 

Micrococcus, 696 
—, creamy 
Oospora, 922 
Streptotrichosis 
Streptomyces, 967 
Strumitis 

Bacillus, 655, 669, 671 
Suppuration, wound 
Micrococcus, 242 
Swamp fever, Europe 
Leptospira, 1078 
Sycosis, bacillogenic 
Bacterium, 687 
Syphilis 

Bacterium, 687 
Borrelia, 1063 



INDEX OF SOURCES AND HABITATS 


1331 


Human Diseases (continued) 

Syphilis (continued) 

Treponema^ 1071 
Tabardillo 

Rickettsia j 1085 
Taches noires 
Rickettsia, 1089 
Tetanus 

Bacilhis, 818 
Clostridium, 799 
—, pus 

Bacillus, 649 

Tick bite fever, South African 
Rickettsia, 1089 
Tick bite, primary sores 
Rickettsia, 1089 
Tobia fever, Colombia 
Rickettsia, 1088 
Tonsillar abscesses 
Oospora, 922 

Tonsillar nocardiomycosis 
Nocardia, 921 
Tonsillitis 

Diplococcus, 310 
Streptococcus, 337 
Zvberella, 678 
Tonsils, infected 
Micrococcus, 246, 248 
Neisseria, 300 
Trachoma 
Bacillus, 589 
Chlamydozoon, 114 
Micrococcus, 260, 269 
Neisseria, 301 
Noguchia, 693 
Trench fever 

Rickettsia, 1094, 1095, 1098 
Spirochaeta, 1067 
Trichomycosis axillaris 
Micrococcus, 268 

Trichomycosis axillaris, red variety 
Micrococcus, 266 
Trichomycosis flava 
Nocardia, 922 
Trichorrhexis nodosa 
Bacterium, 760 
Tropical frambesia 
Treponema, 1072 
Tsutsugamushi disease 
Rickettsia, 1089, 1091 
Tuberculosis 
Bacterium, 676 


Gaffkya, 283 
My^ 'bacterium, 877, 879 
Proactinomyces, 923 
Streptothrix, 924 
—, bone 

Streptococcus, 343 
. —, bovine 

Mycobacterium, 879, 
Tuberculosis, pulmonary 
Actinomyces, 917 
Mycobacterium, 878, 897 
Oospora, 923 
Spirillum, 217 
Streptococcus, 343 
fuberculous cavity 
Bacillus, 580 
Tuberculous lesions 
Mycobacterium, 879 
Tularemia 
Pasteurella, 549 
Typhoid fever 

Bacillus, 580, 666, 817, 827 
Eberthella, 533 
Pseudomonas, 148 
Salmonella, 516, 519, 527, 530 
Typhus fever 
Bacterium, 686 
Corynebacteri urn, 406 
Micrococcus, 260 
Rickettsia, 1085, 1098 
Spirochaeta, 1070 
Typhus, European 
Rickettsia, 1085 
Typhus exanthematicus 
Rickettsia, 1085 
Typhus, Kenya 
Rickettsia, 1085 
Ulcers, abdominal wall 
Streptomyces, 966 
—, genital region 
Spirochaeta, 1067 
—, gingival 
Nocardia, 921 
—, granulating skin 
Aurococcus, 250 
—, oriental skin 
Micrococcus, 254 
—, pharynx 
Nocardia, 920 
—, rectal 
Eubacterium, 367 
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Human Diseases {continued) 
Ulcers, skin 
Corynehacterium, 406 
Micrococcus^ 695 
Spirockaeta, 1068 
—, thoracic 
Actinomyces y 915 
—, upper lip 
Nocardioy 920 
Ulcus vulvae acutum 
Bacillus y 400 
Undulant fever 
Brucellay 561, 562 
Urethritis 
Streptobacillus y 590 
Urinogenital suppurations 
Neisseria y 300 
Vaccinia 

Spirochaeta, 1074 
Vaginitis 
Bacillus y 826 
MimeaCy 595 
Neisseria y 301 
SpirochaetOy 1074 
Veld sores, Africa 
Micrococcus, 280 

-, Australia 

Micrococcusy 280 
Venereal discharges 
Micrococcusy 279 
Neisseria, 296 
Verruga peruana 
Bartonella, 1101 
Vincent's angina 
Borrelia, 1063 
Viral pneumonia 
Miyagawanella, 1118 
Vitiligo 

Nocardia, 975 
War wounds 
Corynebacleri urn , 402 

-, gangrene 

Streptococcus, 329, 330 

-, septic 

Sphaerophorus, 579 
Warts 

Bacterium, 684 
Weil's disease 
Leptospira, 1077 
Pseudomonas, 90 


Western relapsing fever 
Borrelia, 1064 
Whooping cough 
Bacterium, 589, 590 
Hemophilus, 587 
Wolhynian fever 
Rickettsia, 1095 
Wounds, gangrenous 
Bacillus, 738 
Wounds, infected 
Bacillus, 663, 826 

Clostridium, 773, 776, 783, 792, 794, 
798, 799, 801, 811, 812, 825 
Diplococcus, 310 
Inflahilis, 823 
Micrococcus, 696 
Plectridium, 826 
—, superficial 
Corynehacterium, 385 
—, surgical 

Bacteroides, 574 
Yaws, ulcerated lesions 
Spirochaeta, 1065, 1068 
Treponema, 1072 
Yellow fever 

Bacillus, 648, 659, 661, 662, 752, 819, 
826 

Bacterium, 613, 675, 676, 679, 681, 
687 

Clostridium, 813 
Corynehacterium, 404 
Micrococcus, 261, 280, 281 
Streptococcus, 338 
Yellow fever vomit 
Streptococcus, 340 

Human Sources 

Alimentary canal 
Micrococcus, 251 
Amniotic fluid 
Streptococcus, 329, 330 
Veillonella, 303 
Aorta 

Bacterium, 677 
Appendix 

Bifidobacterium, 369 
Catenabacterium, 368 
Arm 

Martellillus, 323 
Plectridium, 826 
Reglillus, 323 
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Human Sources {continued) 

Ascitic fluid 
Corynebacterium, 402, 403 
Bartholin’s gland 
Streptococcus^ 329 
Bladder 
Sarcina^ 294 
Blood 

Actinomycesf 927, 973 

AlcaligeneSf 413, 416 

Bacillus, 580, 650, 659, 668, 669, 827 

Bacterium, 553, 674, 686 

Bartonella, 1102 

Brucella, 561, 562 

Clostridium, 821 

Corynehacterium, 386, 400, 403, 405, 
406 

Diplococcus, 307, 311 
Eberthella, 534 
Escherichia, 447 
Ileliconema, 1064 
Hemophilus, 585, 589 
Leptospira, 1078, 1079 
Malleomyces, 556 

Micrococcus, 255, 260, 264, 272, 277 
Miyagatvanella, 1116 
Neisseria, 296 , 297 
Nocardia, 975 
Pasteurella, 549, 551 
Proteus, 490, 491 
Rickettsia, 1085, 1092, 1098 
Salmonella, 512, 514, 518, 628, 631 
Sphaerophorus, 579, 580 
Spirillum, 217 

Spirochaeta, 1067, 1069, 1070 
Streptococcus, 316, 321, 326, 327, 329, 
330, 336, 340, 341, 343, 344 
Streptomyces, 960, 965 
Vibrio, 204 

Blood culture, post mortem 
Clostridium, 798 
Blood, putrefying 
Spirillum, 217 
Blood vessels 
Rickettsia, 1086 
Body secretions 
Micrococcus, 240, 261 
Brain 

Streptococcus, 340 
Breast 

Actinomyces, 927 

Buccal cavity, see Mouth cavity 


Cadaver 

Bacillus, 752, 819 , 826 
Bacterium, 687 
Clostridium, 813, 826 
Streptococcus, 327 
Cadaver, yellow fever 
Bacillus, 612, 659, 662, 819, 826 
Bacterium, 675, 676, 679, 687 
Clostridium, 813 
Salmonella, 531 
Streptococcus, 338 
Caecum 

Alcaligenes, 415 
Carriers 

Salmonella, 512, 514 , 515, 519, 520, 
521, 524 , 525, 526 , 528, 529 
C/crebrospinal fluid 
Corynehacterium, 404 
Diplococcus, 307 
Hemophilus, 585, 589 
Neisseria, 296, 297, 301 
Streptothnx, 366 
Cervix 

Streplococxus, 341 
Cervix exudate 
Chlamydozoon, 1115 
Vibrio, 198 
C'hyluria 
Bacillus, 651 
Conjunctiva 

Bacillus, 590 , 666 
Bacterium, 677, 684, 689 
Chlamydozoon ,1115 
Corynebactertum, 385, 386 
Diplococcus, 311 
Hemophilus, 585 
Micrococcus, 248, 257, 261 
Mimeae, 595 
Moraxella, 591, 592 
Neisseria, 296, 297 
Pacinia, 691 
Sarcina, 291 
Conjunctival exudate 
Chlamydozoon, 1115 
Cornea 

Actinomyces, 969, 973 
Chlamydozoon, 1115 
Digestive tract 
Diplococcus, 309, 310 
Micrococcus, 247 , 251 
Streptococcus, 320,332 
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Human Sources (continued) 

Digestive tract (continued) 

Veillonellaj 303 
Duodenum 
Bacterium^ 688 
Staphylococcus, 701 
Streptococcus, 702 
Ear 

Corynebacterium, 403 
Endothelial cells 
Bartonella, 1102 
Rickettsia, 1086 

Epithelial cells, intestinal mucosa 
Rickettsia, 1085 
Eye 

Bacillus, 655 
Micrococcohac'illus, 600 
Staphylococcus, 282 
Eyelid 

Actinomyces, 972 
Female genital canal 
Coccus, 250 
Micrococcus, 246, 252 
Female genital tract 
Coccus, 250 
Gaffkya, 284 
Vibrio, 205 
Female genitalia 
Baderoides, 567 
Food handlers 

Salmonella, 512, 519, 521, 524, 526. 

527, 530, 531 
Foot 

Bacillus, 658, 661, 662, 670, 671 
—, skin of 
Sarcina, 290 
Gall bladder 
Bacillus, 612 
General 

Streptococcus, 338, 343 
Genital canal 
Bacillus, 361, 362, 580 
Corynebacterium, 402 
Streptococcus, 336 
Streptostaphylococcus, 345 
Genital mucous membranes 
Borrelia, 1063 
Genital secretions 
Miyagawanella, 1116 
Treponema, 1071, 1072 


Genital tract 
Staphylococcus, 281, 282 
Genitalia 
Basteroides, 574 
Borrelia, 1063 
Genitourinary tract 
Chlamydozoon, 1115 
Klebsiella, 458 
Gums 

Streptococcus, 340 
Hair 

Micrococcus, 253 
—, beard 

Bacterium, 687 
—, follicles 
Basteriurn, 686 
Corynebacterium, 387 
Micrococcus, 259 
—, showing trichorrhexia 
Bacterium, 688 
Healthy persons 
Vibrio, 204 
Heart 

Bacterium, 677 
Intestine 
Aerobacter, 455 
Alcaligenes, 413, 415 
Bacillus, 659, 671, 739, 744, 745, 746, 
747, 757, 758, 813, 814, 815, 817, 
825, 826 , 918 

Bacterium, 580, 672, 677, 678, 686 
Bacteroides, 667, 568, 569, 570, 571, 
572, 573, 674 
Bifidobacterium, 369 
Butyribacteri urn , 369 
Catenabacterium, 368 
Clostridium, 783 , 794 , 799 , 8(K), 809, 
820, 821 

Corynebacterium, 402, 404 
Eberthella, 533, 534 
Escherichia, 447 , 449 , 450 
Eubacterium, 367, 368 
Klebsiella, 458 
Lactobacillus, 353, 354 , 361 
Microbacterium, 370 
Micrococcus, 248, 251, 272, 274 
Microspira, 202, 203 
Neisseria, 301 
Paracolobactrum, 460 
Proteus, 489 



INDEX OF SOURCES AND HABITATS 


1335 


Human Sources {contimied) 

Intestine (continued) 

Pseudomonas, 97, 145, 146, 147, 148, 
150 

RisteUa, 577 

Salmonella, 462, 516, 523 
Sarcina, 292 
Shigella, 539, 542, 543 
Sphaerocillu^, 580 
Spirillum, 217 
Spirochaeta, 1067, 1074 
Streptococcus, 326, 327, 328, 330, 331 
Veillonella, 304 
Vibrio, 194, 198, 204, 205 
Zuherella, 577, 578 
Joints 

Corynebactemim, 386 
Neisseria, 296, 297 
Kidney 

Bacterium, 677 
Corynebacterium, 400 
Spirochaeta, 1067 
Large intestine 
Micrococcus, 247 
Larynx 

Corynebacterium, 385 
Liver 

Bacillus, 658, 659, 660, 662, 667 
Bacterium, 613, 676, 679, 683, 685 
Bartonella, 1102 
Clostridium, 821 
Pasteurella, 549, 551 
Streptococcus, 338 
Streptomyces, 967 
Lung 

Actinomyces, 927, 968 
Bacillus, 667 
Corynebacterium, 386 
Hemophilus, 589 
Miyagawanella, 1118, 1119 
Oospora, 922 
Spirillum, 217 
Spirochaeta, 1065 

Streptococcus, 329, 330, 331, 332, 343 
Veillonella, 302 
Lymph glands 
Bacillus, 668 
Bacterium, 689 
Bartonella, 1101, 1102 
Corynebacterium, 402, 403, 404 
Lymphoid tissues 
Diplococcus, 310 


Maxilla 

Robertsonillus, 823 
Mouth cavity 

Actinomyces, 926, 927, 971 
Ascococcus, 250, 693 
Bacillus, 365, 580, 650, 656 , 657, 
667, 743, 744 

Bacterium, 676, 678, 679, 687,761 
Bacteroides, 574 
Bifidobacten urn , 369 
Borrelia, 1062 
Catenabactenum, 368 
Coccus, 694 

Corynebacterium, 386, 402, 401, 405 
Diplococcus, 310 
Fusobacterium, 582, 583 
// elicohacterium, 690 
Jodococcus, 695 
Lactobacillus, 361 
Leptospira, 1079 
Leptothnx, 365, 366 
Leptotrichia, 364, 365 
Micrococcus, 248, 251, 257 , 260 , 262, 
263, 264, 269, 273, 277, 696 
Neisseria, 300 
Proactinomyces, 923 
Sarcina, 294 
Spirillum, 218 

Spirochaeta, 1065, 1066, 1070, 3074, 
1079 

Staphylococcus, 701 
Streptococcus, 316, 320, 321, 323, 329, 
330, 331, 333, 336, 338, 339, 341, 
342, 343, 344 
Treponema, 1072, 1075 
Vetllmella, 302, 303, 304 
Vibrio, 203 , 204 , 205 , 206 , 207 , 703 
Mouth cavity, putrid tissue 
Clostridium, 820 
Granulobacter, 822 
Mucous membrane 
Bacteroides, 574 
Pasteur ella, 552 
Streptococcus, 342, 344 

-, mouth cavity 

Caryophanon, 1004 

-, nasal 

Micrococcus, 274, 276 
Sarcina, 292 
Zvberella, 578 
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Human Sources (continued) 

Mucous membrane, nose and throat 
Neisseria, 301 

-, respiratory tract 

Borrelia, 1062, 1063 
Dialisier, 595 
Gaffkya, 283 
Neisseria, 298, 299, 301 
Mucus 

Bacillus, 737 
Mucus, intestinal 

Bacillus, 648, 649, 664, 679 
—, nasal 

Bacillus, 658, 659, 667, 669 
Corynehacierium, 406,407 
Micrococcus, 257, 278 
Neisseria, 301 
Pseudomonas, 95 
Streptococcus, 342, 344 
Vibrio, 203 
Nasal washings 
Veillonella, 303 
Nasopharyngeal secretions 
Dialister, 595 
Neisseria, 301 
Nasopharynx 
Hemophilus, 585 
Neisseria, 297 , 298, 299, 301 
Pasteurella, 581 
Staphylococcus, 282 
Zuberella, 577 
Natural cavities 
Gaffkya, 284 
Veillonella, 303 
Nerves, peripheral 
Mycobacterium, 882 
Nose 

Corynebacteriurn, 385, 403 
Diplococcus, 311 
Micrococcus, 260, 262 
Sarcina, 292 
Streptococcus, 318, 321 
—, mucous membrane, see Mucous 
membrane, nasal 
Oral cavity, see Mouth cavity 
Organs, internal 
Leptospira, 1078 
Peritoneum 
Bacillus, 666 
J’harynx 

Corynebacteriurn, 385, 403 


Diplococcus, 310, 311 
Streptococcus, 320, 321 
Pia mater 
Nocardia, 975 
Pleural fluid 
Pasteur ella, 549 
Preputial secretions 
Bacillus, 612 
Rectum 

Alcaligenes, 415, 416 
Bacillus, 650 
Red perspiration 
Micrococcus, 263 
Red pus 
Bacterium, 685 

Respiratory mucous membrane, see 
Mucous membrane, respiratory tract 
Respiratory system 
Cillobacterium, 369 
Diplococcus, 307 
Eubacterium, 368 
Respiratory tract 
Hemophilus, 585, 586, 587, 589 
Klebsiella, 458 
Neisseria, 298, 299, 300 
Streptococcus, 316, 319, 321, 331, 332, 
333, 334 
Saliva 

Bacillus, 647, 671 
Diplococcus, 307 
Flavobacterium, 440 
Leptothrix, 366 
Micrococcus, 258, 275 
Neisseria, 298 
Staphylococcus, 282 
Streptococcus, 320, 321, 337, 344 
Veillonella, 304 
Scalp 

Micrococcus, 266 
Sebaceous glands 
Corynebacteriurn, 387 
Sinuses 

Hemophilus, 585 
Streptococcus, 321, 333 
Skin 

Bacillus, 647, 650, 651, 655, 656, 658, 
660, 661, 662, 663, 668, 670, 671, 
742, 743 

Bacterium, 674, 683, 686 
Corynebacteriurn, 386, 403, 406 
Eubacterium, 368 
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Human Sources (continued) 

Skin (continued) 

Gaffkya, 283 

Micrococcus, 239 , 242 , 243, 244, 251, 
252 , 254 , 255 , 256 , 257 , 258, 259, 
262, 274, 695 
Mycobacterium, 882 
Nocardia, 919, 921 
Plocamohacterium, 691 
Pseudomonas, 148 
Rickettsia, 1086 
Sardna, 288, 290 
Streptococcus, 318, 333 , 343 
Skin, dry scalp lesions 
Discomyces, 975 
Skin of foot 

Micrococcus, 251, 252, 256, 262 
Smegma 

Mycobacterium, 8iH) 

Sardna, 291 
Treponema, 1072 
Spinal fluid 
Bacillus, 667 
Miyagawanella, 1176 
Salmonella, 522 
Spleen 

Badllus, 613 
Bacterium, 677 
Brucella, 561 
Pasteurella, 549, 551 
Salmonella, 522 
Streptococcus, 341, 344 
Streptomyces, 958, 962, 963, 964 
Sputum 

Actinomyces, 916, 917, 970, 972 
Bacillus, 647, 653, 664, 665, 667, 668, 
669, 672, 703, 738, 740, 741, 752, 
754, 918 
Bacterium, 761 
Brucella, 693 
Cladothrix, 974 
Diplococcus, 307 
Gaffkya, 283 
Hemophilus, 585 
Klebsiella, 458, 459 
Micrococcus, 257, 267, 277 
Miyagawanella, 1119 
Moraxella, 592 
Neisseria, 298 
Nocardia, 920, 921, 976 
Oospora, 922, 923, 976 
Pasteurella, 549 


Proactinomyces, 923 
Pseudomonas, 698 
Sardna, 293, 294 
Serratia, 484 
Spirillum, 701 

Streptococcus, 320, 321, 340, 341, 
343, 344 

Streptothrix, 924 
Vibrio, 198 
—, green 

Pseudomonas, 149 
Stomach 

Actinomyces, 969 
Alcaltgenes, 416 
Bacillus, 647, 650, 666 
Eubacterium, 367 
Helicobacterivm, 690 
Sarcina, 286, 290, 291,294 
Stomach contents 
Bacillus, 814 
Gaffkya, 284 

Submaxillary lymphatic gland (child) 
Micrococcus, 280 
Sweat 

Bacillus, 666, 673 
Tear duct 

Actinomyces, 970 
Teeth 

Acidobacterium, 361 
Aerobacter, 456 
Fusobacterium, 582, 583 
Granulobacter, 822 

Streptococcus, 320, 339 , 340, 341, 342 
—, carious 
Bacillus, 653 
Micrococcus, 262 
—, decayed 
Cladothrix, 918, 974 
Throat 

Corynebacterium, 386, 387, 404, 406 
Diplococcus, 311 
Micrococcus, 280 
Spirochaeta, 1065 

Streptococcus, 316, 318, 320, 321, 333, 
334, 335, 337, 339, 341, 342, 343 
Veillouella, 303 
Tongue 

Acidobacten urn, 361 
—, deposit on 
Nocardia, 920 
Streptococcus, 340 
Vihno, 205 
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Human Sources (continued) 

Tongue, epithelium 
Micrococcus^ 267 
Tonsillar crypts 
Actinomyces f 927 
VibriothriXy 833 
Tonsillar granules 
Spirillum y 218 
Tonsils 

AlcaligeneSj 416 
Bacillus y 583 
Corynebacteriumy 405 
DiplococcuSy 310 
SphaerophoruSy 579 
Streptococcusy 338 
Veillonellay 304 
Trachea 

Corynebacteriumy 385 
Urethra 

Corynebacteriumy 404 
LeptothriXy 366 
Micrococcusy 248 
StreptobacUltLSy 590 
Streptococcusy 340 
Urethral exudate 
Chlamydozoon, 1115 
Urinary tract 
Micrococcus y 248 
Neisseria y 300 
Staphylococcus y 282 
Urine 

Bacillusy 647, 652, 653, 655, 660, 661, 
663, 664, 668, 669, 671, 741. 757, 758 
Bacteriumy 678, 688, 760 
BacteroideSj 574 
LeptospirUy 1077, 1079 
MicrococcuSy 238, 247, 260, 266, 267. 

269, 279, 280 
Mycobacteriumy 890 
Proteus y 490, 491 
Salmonella, 518, 531 
Sarcina, 289, 293 
Spirochaeta, 1067, 1070 
Spiroschaudinnia, 1071 
Staphylococcus, 282 
Streptococcus, 323, 338, 340, 341 
Uterus 

Actinomyces, 580 
Bacillus, 668 
Proteus, 490 


Spirochaeta, 1067, 1074 
Streptococcus, 329, 331, 33^ 

Vaccine pustules 
Corynebacteriumy 401 
Vagina 

Bacillusy 580, 612, 652, 667 
Lactobacillus, 362 
Leptothrix, 366 
Mimeae, 595 
Neisseria, 301 

Streptococcus, 318, 319, 327, 329, 330, 
332, 333, 334, 337, 338 
Vaginal secretions 
Micrococcus, 261, 278 
Vulva 

Streptococcus, 338 

Ice 

Micrococcus, 272 

Ice Cream, see Dairy Products 

Infusions 
Asparagus 
Bacillus, 656 
Bacterium, 679 
Micrococcus, 262 
Bean 

Bacillus, 657, 664, 669, 750 
Bacterium, 679, 685 
Micrococcus, 262, 264 , 268, 271, 273, 
279 

Spirillum, 218 
Beef 

Clostridium, 811, 821 
Brewer^s grain 
Bacillus, 656 
Carrot 

Micrococcus, 261, 264 
Streptococcus, 341 
Cheese and white beets 
Bacillus, 711 
Corn 

Bacillus, 650, 748 
Bacterium, 681 
Digitalis 
Bacillus, 745 
Micrococcus, 262, 263 
Egg white, cooked 
Bacillus, 757 
Fermenting 
Bacillus, 672 
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Infusions (continued) 

General 

Bacillusy 755 
Proteus y 488 
llay 

Aerohactery 456 
Bacillusy 711, 743, 815, 824 
Herbs 

Spirochaeta, 1053 
Jequirity seed 
Bacillusy 672 
Kohlrabi 
Vibrio y 206 
I^eaves, indigo plant 
Bacillus y 659 
lentils 

Bacillus y 711 
Malt 

xMicrococcuSy 263 
Meat 

Bacillus y 654 
Pseudomonas y 147 
—, extract 
Micrococcus y 255 , 267 
putrefying 
Micrococcus y 254 , 256 
Potato 

Bacillusy 650 
Putrefying 
Bacterium y 682 
Snakeroot 

Micrococcusy 263 
Vegetable 

Bacillusy 654 , 656, 671 
Bacteriumy 675 , 679, 681, 687 , 688, 
689 

MicrococcuSy 277, 278, 280 
Pseudomonas y 147, 148 
Wheat 

Bacillus, 650 

Insecta, Scientific Names 
Adoretus compressus, 657 
Amitermes minimus, 980 
.'Inasa tristis, 654 

Apis melliferay 490, 648, 657, 660, 667, 
669, 670, 673, 676, 693, 724, 726, 737. 
738, 740, 744, 749, 757 
Apis mellifica, 266, 326, 327, 337, 422 
Arciia caja, 690 
Blaita germanica, 402 
Blatia orientalis, 1003 


Blatla (Periplaneta) onentalis, 740 
Blissus leucopteruSy 264 
Bombyx moriy 254 , 265, 282 , 336, 337, 
342, 481, 490, 650, 652, 739 , 754 
Caloiermes (Olyptotermes) iridipennis, 
583, 742 

Caloiermes spp., 1070 
Ceratomia catalpaCy 746 
Chironomus plumosus, 173 
Chironomus sp., 635 
Cimex hirundinis, 1096 
Ctmex lectulariusy 392, 605, 1060, 1096, 
1104 

Cimex rotundaluSy 1062 

disiocampa fragilis, 660 

t^nethocampa pityocampa, 342, 684 

( occinella novemnotatay 431, 440 

CoenagrionidaCy 269 

Conocephalu'^ fasciatus, 440 

Ctenocephaltdes felts y 1096 

Ctenorephalus felis, 1066 

Ctenocephalus sp., 1104 

Culex fatigansy 1096 

Cnlex pipienSy 1098 

Culex sp.y 1066 

Danais at chi pus, 260 

Diabrotica sp.y 124 

Jhapheromera femoratUy 433, 679 

I)iprion sertifer, 668 

Drosophila confusa, 1075 

Kacles impet lolis, 608 

Echidnophaga gallinacea, 1086 

Encaptolopus sordidus, 665 

Ephcstia kuchniella, 259, 260, 647, 759 

Euxoii segetum, 336, 425, 460, 689 

Euxod (Agtotis) segetum, 73/ 

Galleria mellonelta, 200, 259 , 340, 452, 
759, 762 

Gelechia go.^sypiella, 678, 686 
Glosstna palpalis, 1062 
Glyptotermes indipennis, 1075, 1076, 
1121 

Gortyna ochiacea, 657 
Gi yllotalpa gryllotalpa, 745 
Ifyponomeuta evonymella, 750, 754 
Ifyponomcuia sp., 267 
Isophya (Barbitistes) amplipennis, 730 
Kaloteimes sp., 1003, 1121 
Lachnosterna 5p.,'269 
Lathridius rugicolliSy 971 
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Insects {continued) 

Leptmotarsa decemlineata, 419, 440,660 
Leucoiermes lucifuguSy 1067 
Linognathus etenopsis, 1097 
Locuaia migraioria^ 666 
Lucilia caeaar^ 780 
Lucilia sericatOy 274, 301, 748 
Lygus pratensisj 603 
Lymantria dtspar, 739 
Lymaniria monachUy 267 , 648, 661, 652, 
659 , 660, 663, 682, 749, 753 , 755 
Malacosoma americanay 416 
Malacosoma castrensisy 690 
Melanoplus femurrubrumy 665 
Melolontha melolonthay 336 , 662 , 681, 
690, 753, 757 

Musca domesticay 282, 528, 677 
Neotermes howay 1121 
Neurotoma nemoraliSy 268, 663 
Neurotoma nemorahsy larvae of, 268 
SociuidaCy 491 
Oncopelius faaciatusy 490 
Orgyia pudibundCy 670 
Peciinophora gossypiellay 664 
Pedicinua longicepSy 1085 
Pediculus humanuny 664, 1060, 1097 
Pediculus humanus var. capitiSy 1085, 
1095 

Pediculua humanus var. corporiSy 1085, 

1095 

Pediculus veaiimentiy 1061, 1062 
Periplaneta americanay 217, 405, 425 
Periplaneta orientalisy 652, 1069 
Phlebotomus noguchhy 1102 
Phlebotomus perniciosusy 1074 
Phlehotmnus verrucarum 1102 
Photuris pennsylvanicusy 491 
Pieris hrasaicacy 336, 665, 666, 690 
Pier is rapaCy 271,440, 737 
Polyplax serrata, 1112 
Polyplax spinuloauSy 1086, 1104 
Popillia japonicUy 727 
Portheria dispar y 250 
Portheria (Lymantria) dispary 336,660, 
661 

Potosia cupreay 808 ‘ 

Procryplotermes sp., 1121 
Prodenia lituray 684 
Protoparce »p., 491 
Pyrameis (Vanessa) carduiy 667 


Pyrausta nubilahSy 200, 259, 452, 685, 
690, 750, 759, 760, 761 
Reticulitermes flavipes, 1003 
Reticuliterrnes lucifugus, 1069 
Rhagoletia pomonellay 141 
Rhodnius prolixuSy 914 
Sceliphron cemenlariumy 605 
Scoliopteryx libatriXy 659 
Simulium noelleriy 1068 
Stomoxys calcitranSy 677 
Stylopyga orienialiSy 1076 
Stylopyga (Blatta) (Periplaneta) art- 
entaliSy 1075 

Temmorhinus (Cleonus) mendicua^ 652 
Tenebrio molitory .634, 680 
Terrnes hicifuguSy 1070 
Thyridopteryx ephemeraeformia^ 392, 
604 

Ttbicen Itnneiy 269, 608 
Triatoma ruhrojasciatay 1098 
Trichodectas pUosns, 1097 
Urographm fasciatUy 420 
Vanessa polychloruSy 655 
Vanessa utricaSy 653, 656 
XenopsyllcC astiay 1086 
Xenopsylla cheopisy 1086, 1104 
Insect Diseases, see Insects 
Insects, see Insects for Scientific Names 
Apple maggot 
Pseudomonas y 141 
Bagworm 

Bacterium y 604 
Corynebacteriumy 392 
Bedbug 

Bacterium, 605 
Borrelia, 1060 
Corynebacteriumy 392 
Haemobaffonella, 1104 
Bee moth 

Bacterium y 759, 762 
Escherichia y 452 
Micrococcus y 259 
Streptococcus y 340 
VihriOy 200 
Bees 

Bacillus, 693 
Bacterium, 673, 676 
Bifidobacterium, 369 
Proteus y 490 
Salmonella, 532 
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Insects {continued) 

Bees and larvae* 

Bacillus, 648 667, 669, 670 
—, diseased 

Bacillus, 657, 738, 740, 749, 757 
—, foulbrood 

Bacillus, 737, 744 
Micrococcus, 266 
Streptococcus, 326, 327, 337 
—, foul brood, American 
Bacillus, 726 
—, foulbrood, beuign 
Bacillus, 660 
—, foul brood, European 
Achrornobacter, 422 
Bacillus, 724 
—, infectious diarrhoea 
P rote us f 490 
Beetle larvae 
Achrornobacter, 420 
Beetles 

Actinomyces, 971 
Bacillus, 657 
Fusiformis, 694 
Pseudomonas, 124 
Blood-sucking insects 
Pasteurella, 551 
Blue bottle fly larvae 
Clostridium, 780 
Butterfly 

Bacillus, 653, 655, 056, 667 
Cabbage butterfly 
Bacillus, 665, 666, 737 
Diplobacillus, 6tK) 
Flavobacterium, 440 
Streptococcus, 336 

-, larvae 

Micrococcus, 271 
Caterpillars 
Bacillus, 657 
Bacterium, 612 
CocccHiacillus, 690 
Pseudomonas, 94, 148 
Streptococcus, 339 
—,feces 

Pseudomonas, 148 
—, wilt disease 
Micrococcus, 261 
C.’hinch bug, caecal organs 
Micrococcus, 264 
Cicada, Lyreman 


Bacterium, 608 
Micrococcus, 269 
Cockchafer 

BociMwa, 662,753,757 
Bacterium, 681 
Diplobacillus, 690 
Streptococcus, 336 
Cockroach 
Bacillus, 740 
Fusiformis, 694 
Sarcina, 294 
Spirochaeta, 1060 
Treponema, 1075 
—, fat Ijody 
Bacillus, 652 

Corynehactenum , 402, 405 
—,feces 

Achrornobacter, 425 
—, intestine 
Arthromitis, 1003 
Spirillum, 217 
Treponema, 1076 

(k)lorado potato beetle, intestine 
Achrornobacter, 419 
Bacillus, 660 
Flavobacterium, 440 
('orn borer, European 
Bacillus, 750 

Bacterium, 685, 759, 760, 761 
Coccobacillus, 690 
Escherichia, 452 
Micrococcus, 259 
Vibrio, 200 
Cricket 

Bacillus, 745 
Cutworm septicemia 
Proteus, 491 
Damsel fly 
Micrococcus, 269 
Firefly 
Proteus, 491 
Fleas 

Haemobartonella, 1104, 1106 
—, cat 

Rickettsia, 1096 
Spirochaeta, 1066 
—, chicken 
Rickettsia, 1086 
—, dog 

Haemobartonella, 1104 
—, mt 
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Insects (continued) 

Fleas, rat (continued) 

Pasfeurella, 549 
Rickettsia^ 1086, 1087 
Flies 

Salmonella j 528 
Staphylococcus t 282 
—, black 
Spirochaeta, 1068 
—, blue bottle 
Micrococcus t 274 
NeissenGj 301 
—, fruit 

Treponema, 1075 
—, green blow 
Bacillus, 748 
—, tsetse 

Borrelia, 1062 
Fly larvae 

Bacterium, 677 

-, blue bottle 

Clostridium, 780 
General 
Leptothrix, 366 
Micrococcus, 281 

Rickettsiadike organisms, 1098, 1099 
Grasshoppers 
Eherthella, 534 
Flavobacterium, 440 
Gypsy moth 

Bacillus, 660, 661, 739 
Gyrococcus, 250 
Streptococcus, 336 
Hornworm septicemia 
Proteus, 491 
Imperial moth 
Bacterium, 608 

Japanese beetle. Milky disease 
Bacillus, 727 

-, milky disease, Type B 

Bacillus, 727 
June bug or beetle 
Bacillus, 746 
Micrococcus, 269 
Lady beetle larvae 
Flavobacterium, 440 
Lady beetle, nine-spotted 
Flavobacterium, 431, 440 
Larvae 
Bacillus, 649 


Leaf beetle 
Bacterium, 679 
Lice 

Bacillus, 664 
Borrelia, 1060, 1061 
Rickettsia, 1085, 1095, 1097, 1099 
—, biting 

Rickettsia, 1097 
—, body 

Rickettsia, 1085 
goat 

Rickettsia, 1097' 

—. head 

Rickettsia, 1085 
—, mouse 

Eperythrozoon, 1112 
—, rat 

Rickettsia, 1086, 1104 
Locusts 

Bacillus, 666 
—, diseased 
Micrococcus, 251 
May fly nymph shells 
Cfliitin-digesting bacteria, 632 
Meal worm 

Bacterium, 634, 680 
Mediterranean flour moth 
Bacillus, 647 

-, larvae 

Micrococcus, 259, 260 
Midge 

Bacterium, 635 
—, larvae 

Pseudomonas, 173 
Milkweed bugs 
BJberthella, 534 
Proteus, 490 

Monarch butterfly larvae, wilt disease 
Micrococcus, 261 
Mosquito 

Rickettsia, 1096, 1098 
—,feces 
Micrococcus, 280 
—, larvae 
Spirochaeta, 1066 
Moth 

Bacillus, 659, 660, 737, 750, 754 
Bacterium, 678, 682 , 684 , 686, 689 
Coccobacillus, 690 
Paracolobactrum, 460 
Streptococcus, 336 
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Insects (continued) 

Moth (continued) 

—f crushed egg masses 
AlcaligeneSf 416 
Mud dauber wasp 
Bacteriumf 605 
Nun moth 

Bacillus, 648, 651, 652, 659, 660, 663, 
749,753 755 

-, larvae 

Micrococcus, 267 
Olive fly 
Bacillus, 647 
Pink bollworm 
Bacillus, 664 
Processionary moth 
Bacterium, 684 
Streptococcus, 342 
Reduvid bug 
Nocardia, 914 
Rickettsia, 1098 
Roseleaf beetle 
Clostridium, 808 
Sandfly 

Bartonella, 1102 
Spirochaeia, 1074 
Sawfly 

Bacillus, 663, 668 
Silkworm 

Bacillus, 650, 652 
Proteus, 490 
Serratia, 481 
Staphylococcus, 282 
Streptococcus, 336, 342 
—, blood and organs 
Micrococcus, 254, 265 
—diseased 
Bacillus, 739 
Micrococcus, 265 
Streptococcus, 337 
Sphinx moth 
Bacillus, 746 
Squash bug 
Bacillus, 654 
Stink bugs 
Eberthella, 534 
Tarnished plant bug 
Bacterium, 603 
Tent caterpillar 
Bacillus, 746 
Termites 


Caryococcus, 1121 
Fusiformis, 583 
Spirochaeia, 1067 
Treponema, 1075, 1076 
—, intestine 
Arthromitis, 1003 
Bacillus, 728, 742 
Coleomitus, 1003 
Micromonospora, 980 
Spirochaeia, 1069, 1070 
Tettigonids, diseased 
Bacillus, 739 
Tipulid 

Fusiformis, 694 
Walking stick 
Bacterium, 679 
Flovobacterium, 433 
Wasps 

Salmonella, 532 
Weevils 

Bacillus, 652 
Winter wheat cut worm 
Achromobacter, 425 
Leaven, see Yeast 

Mammals, also see Cats, Cattle, Dogs 
Goats, Guinea pigs. Hogs, Horses 
Mice, Rabbits, Rats, and Sheep 

Ant eater, five-toed 
Bartonella, 1108 
Ape, alimentary tract 
Serratia, 481 
Bandicoot 
Coxiella, 1093 
Bat, blood 
Spirochaeia, 1070 
Spironema, 1070 
—, erythrocytes 
Bartonella, 1108 
Grahamella, 1110, 1111 
—, intestine 

Chitin digesting bacteria, 632 
Buffaloes, blood 
Spirochaeia, 1065 
—, erythrocytes 

HaemobarJLonella, 1106 
—, leucocytes 
Rickettsia, 1098 
Camel 

Salmonella, 513 
Carnivora 
Salmonella, 509 
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Mammals (continued) 

Chimpanzee, feces 
Clostridium, 785 
—, general 
Spirochaeta, 1079 
Deer mouse, erythrocytes 
Grahamella, 1111 

Haeinobartonella, 1106, 1107, 1108 
Deer mouse, gray-backed 
Erythrocytes 
Eperythrozoon, 1113 
Haemobartonella, 1107 
Domestic animals, general 
Salmonella, 523 
Streptococcus, 317, 318 

-, lymph 

Coryjiebacterium, 404 

-, mouth cavity, mucous membrane 

Caryophanon, 1004 

-,throat 

Streptococcus, 334 
Dormice, erythrocytes 
Haemobartonella, 1108 
Ferrets 

Brucella, 563 
—, respiratory tract 
Hemophilus, 589 
Flying fox, intestine 
Acufonms, 813 
Bacillus, 818 
Foxes 

Salmonella, 517, 525 
General 

Streptococcus, 338 
—, intestine 

Bacillus, 817, 826 

Bacteroidcs, 567, 568, 569, 570, 571, 
572, 573, 574 
Butyribacteri um, 380 
Clostridium, 796, 810 
iMctobacillus, 354 
Streptococcus, 331 
—, mouth 

Streptococcusj 331 
—, mucous membrane 
Bacteroidcs, 574 
Streptococcus, 242, 243, 244 
—, natural cavities of mammals 
Gaffkya, 284 
—, saliva 
Streptococcus, 304 


Gerbilles, erythrocytes 
Hemobartonella, 1108 
Ground hogs 
Fasteurella, 551 
Hamsters, erythrocytes 
Grahamella, 1110, 1111 
Haemobartonella, 1104 
Hamsters, Chinese 
Erythrocytes 

Haemobartonella, 1108 
Jerboa, erythrocytes 
Haemobartonella, 1108 
Laboratory animals 
Streptococcus, 317 
Lenunings 
Fasteurella, 551 
Moles, erythrocytes 
Grahamella, 1109 
Monkeys 

Bartonella, 1108 
Spirochaeta, 1068 
—, blood 

Rickettsia, 1088 
Spirillum, 1065 
—, erythrocytes 
Grahamella, 1111 
Haemobartonella, 1104 
—infected with yellow fever 
Corynebacterium, 404 
—, trachoma 
Chlamydozoon, 1114 
Musk rats 
Fasteurella, 551 
Opossum, blood 
Spirochaeta, 1066 
—, erythrocytes 

Haemobartonella, 1108 
Otter, blood 
Spirochaeta, 10()7 
Primates, lower 
Salmonella, 502 
Rodents 

Fasteurella, 549, 551 
Salmonella, 517, 527 
Spirochaeta, 1068 
Streptococcus, 310 
—, blood 

Borrelia, 1064 
Shrew mouse 
Spirochaeta, 1066 
Shrew, short tailed 
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Mammals {continued) 

Shrew {continued) 

Erythrocytes 
Haemobartonellaf 1107 
Squirrel bite 
Actinomycea, 974 
Squirrels 
Eiythrocytes 
Haemdbartonella^ 1108 
Squirrels, gray 
Erythrocytes 

Haemobartofiellaf 1107 
Squirrels, ground 
Bacillua, 669 
Pasteurella, 549, 561 
Vole 

Erythrocytes 

Eperythrozoofit 1113 
Grahamellay 1110 
Haemobartonellay 1104,1106 
Vole, Field 
Leptospira^ 1077 
Water rats 
Pasteurella^ 551 
Weasel bite 
Actinomycesf 973 
Whales 
Ambergris 
Spirillum, 217 
Wolf 

Erythrocytes 
Grahamella, 1110 

Mammals, Diseases of 

Apes 

Conjunctivitis, granular 
Noguchia, 593 
Enterocolitis 
Salmonella, 510, 519 
Orchitis 

Spirochaeta, 1074 
Parotitis 
Spirochaeta, 1074 
Syphilis 

Treponema, 1071 
Trachoma 
Chlamydozoon, 1114 
Beavers 

Hemorrhagic septicemia 
Pasteurella, 551 
Buffaloes 

Hemorrhagic septicemia 
Pasteurella, 64S, 549 


Infections 

Corynebacterium, 391 
Camels 

Pseudotuberculosis 
Actinomyces, 915 
Chimpanzees 
Bacillary dysentery 
Salmonella, 519 
Deer 

Hemorrhagic septicemia 
Pasteurella, 547 
Domestic animals 
Abortion 

Brucella, 5^1, 562 
Abscesses 

Corynebacterium, 388 
Tuberculosis 
Mycobacterium, 879 
Ulcerative lesions 
Corynebacterium, 389 
Ferrets 

Pasteurella, 552 
Foxes 
Listeriosis 
Listeria, 409 
Pneumonia 
Streptococcus, 317 
General 
Blue pus 
Pseudomonas, 89 
Cholera 
Vibno, 196 
Conjunctivitis, acute 
Miyagawanella, 1119 
Infections 
Streptococcus, 342 
Malignant edema 
Clostridium, 776 
Bacillus, 826 
Septicemia 

Streptococcus. 232, 233 
Gerbilles 
Listeriosis 
Listeria, 409 
Relapsing fever 
Spirochaeta, 1069 
Kangaroos 

Gastroenteritis 
Nocardia, 921 
Lumpy jaw 
Nocardia, 921 
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Mammals Diseases of* (continued) 
Kangaroos (continued) 
Septicemia 
Nocardia, 921 
Laboratory animals 
Brucellosis 
Brucella, 561, 562 
Monkeys 
Abortion 
Brucella, 562 
Brucellosis 
Brucella, 562, 563 
Conjunctival folliculosis 
Noguchia, 594 
Conjunctivitis, granular 
Noguchia, 593 

Conjunctivitis, inflammatory 
Noguchia, 594 
Fever, boutonneuse 
Rickettsia, 1089 
Fever, relapsing 
Spirochaeta, 1069 
Tuberculosis, bovine 
Mycobacterium, 879 
Tuberculosis, human 
Mycobacterium, 878 
Moose 

Tick paralysis 
Klebsiella, 459 
Mules 
Botulism 
Clostridium, 779 
Gangrenous dermatitis 
Sphcterophorus, 579 
Reindeer 

Hemorrhagic septicemia 
Pasteurella, 549 
Rodents 

Epery throzodnosis 
Eperythrozoon, 1111 
Glanders-like disease 
Malleomyces, 556 
Grahamellosis 
Grahamella, 1109 
Haemobartonellosis 
HaemobartoneUa^ 1102 
Melioidosis 
Malleomyces, 556 
Pseudotuberculosis 
Pasteurella, 549, 551, 553 


Sea calf 
Septicemia 
Bacterium, 689 
Squirrels, ground 
Tularemia 
Pasteurella, 569 
Water buffaloes 
Pleuropneumonia, bovine 
Aster ococcus, 1292 
Osteomyelitis 
Clostridium, 825 
Septicemia 
Chromobacterium, 233 
Whales 
Septicemia 
Clostridium, 819, 825 

Mammals, Scientific Names 

Acodon serrensis, 1109 
Alactaga spp., 1109 
Apodemus agrarius, 1108 
Arctomys marmota, 1068 
Arvicola arvalis, 1113 
Blarina brevicauda, 1107, 1110 
Bos taurus, 1110 
Cavia porcellus, 1106 
Cercopithecus patas, 1065 
Citellus pygmaeus, 1110 
Cricetulus spp., 1108, 1110 
Cricetus domesticus, 1110 
Cricetus phoca, 1111 
Ctenodactylus gondi, 1064 
Desmodus rufus, 1110 
Didelphys aurita, 1066 
Didelphys didelphys, 1108 
Eliomys querdnus, 1110 
Gerbillus tamaridnus, 1110 
Olis glis, 1108 
Oolunda fallax, 1110 
Hemiderma brevicauda, 1108 
Isodon macTurus, 1093 
Jaculus jaculus, 1109 
Jerboa sp., 1113 
Luira sp., 1067 
Macacus rhesus, 594 
Macacus sp., 1104, 1111 
Manis pentadactyla, 1108 
Mastomys coucha, 1110 
Meriones tristrami, 1004, 1110 
Metachirus opossum, 1108 
Mierotus arvalis, 1109, 1110, 1113 
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Mammals (continued) 

Microius montehelli, 1077 
Microtus pennsylvanicus pennsylvant 
CU8, 1105, 1110, 1113 
M^^8 acomySj 1113 
Mus decumanus, 1107,1110 
Mils minutus, 1113 
Mus musculuSj 1110 
Mus norveyicuSy 1107 
Mus ralius y 891, 1107, 1110 
M'lts ralius griseiventer y 1107 
Mus sylvaticuSy 1107 
Myoxus gliSy 1108 

Peromyscus leucopus novaboiacensisy 

1106, 1108, nil 

Peromyscus maniculaluSy 1111 
Peromyscus maniculatus gracilisy 1107, 
1113 

Phodopus praedilectusy 1108 
Phoga viiulinay 689 
Phyllotis danvini linalus, 1111 
Pipistrellus nathusiiy 1111 
Pseudocebus apella, 1108 
Pteropusy 813, 818 
Rattus ralius y 1107, 1113 
Rattus rattus frugivorus, 1107 
Sciurus carolinensis leucotiSy 1107 
Sciurus vulgar is y 1108, 1113 
Spalax lyphlops, 1104 
Spermophilus musicuSy 669 
Thalassochelys careilay 1111 
Vespertilio kuhliiy 1070 
Vespertilio nactulay 1110 
Vesperugo kuhliiy 1070 

Manure (Dung) 

Black cock 
MycoroccuSy 1042 
('at 

Streptococcusy 337 
Compost 
Serratiay 484 
Cow 

Achromobactery 423 
Bacillusy 815, 824 
CaryophanoUy 1004 
Corynebacteriurny 403 
Microbacteriumy 370, 371 
Micrococcusy 271 
Mycobacteriumy 889 
MyxococcuSy 1042, 1043 


Ristellay 576 

Streptococcusy 322, 323, 337, 338, 342, 
345 
Deer 

AngiococcuSy 1048 
Archangiumy 1018 
ChondrococcuSy 1045, 1046 
ChondromyceSy 1037, 1038 
Mehttangium y 1034 
MyxococcuSy 1042 
Synangiumy 1033 
Derr (Antelope) 

ChovdromyceSy 1037, 1038 
Deer (Rf)c) 

Archangiumy 1019 
ChondrococcuSy 1046 
MyxococcuSy 1042 
Deer (Stag) 

MyxococcuSy 1042 

Dog 

Bacillusy 815, 826 
MyxococcuSy 1042 
Spirochaela y 1065 
Streptococcusy 337 
Fox 

Streptococcusy 323 
Frog 

Bacillus y 742 
(leneral (usually cow) 

Aerobaclery 456 
Bacillus, 729, 737, 738 
Bacteriumy 602, 613, 613, 682, 686, 
690, 761 

ChoiidrornyceSy 1037 
Clostridiumy 776, 778, 783, 803, 809, 
810, 815, 816, 817, 818, 820, 821, 822 
Granulobactery 826 
Micrococcusy 271, 275 
Mycobactcilumy 890, 891 
MyxococcuSy 1042, 1043 
Plcctridiuniy 823 
Podangiuniy 1035 
Pohjangiuniy 1030 
PseudornonaSy 105, 145 
Streptomycesy 940 
Goat 

ChondrococcuSy 1045, 1046 
MyxococcuSy 1042 
Podangiuniy 1035 
Goose 

ChondromyceSy 1038 
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Manure (Dung) {continued) 

Grouse 

ChondrococcuSy 1045 
Guano 

Bacillusy 745 
Guinea pig 

Bacillus, 734, 736 
Hare 

ArchangiuiUy 1018,1019 
ChondrococcuSy 1045, 1047 
Polyangiunty 1031 
Sorangiuniy 1023 
Hen 

MyxococcuSy 1042 
Herbivorous animals 
Micrococcusy 248 
Hog 

Vibrioy 206 
Horse 

Achromohactery 425, 126 
Bacterium y 642, 819 
BacilluSy 733, 734, 736, 749, 754 
CaduceuSy 819 
ChondrococcuSy 1045 
Clostridiumy 783, 799, 810, 813, 814, 
815, 821 

Flavobacieriumy 441,442, 822 
MyxococcuSy 1042 
PodangiuMy 1035 
Sorangiumy 1023 
Streptococcusy 337 
liiquid 

Sarcina, 290, 291 
Spirillum, 216 
VihriOy 204, 206 
Mouse 

Mycobacterium, 890 
MycococcuSy 1042 
Podangiwriy 1035 
Mouse, Held 
ChondrococcuSy 1045 
Muskrat 

AngiococcuSy 1048 
Parrot 

Miyagawanella, 1117 
liabbit 

Archangium, 1018, 1019, 1020 
ChondrococcuSy 1045, 1046 
ChondromyceSy 1038 
MtUUangium, 1034 


Methanobacterium, 646 
MyxococcuSy 1042, 1044 
Podangium, 1035 

Polyangium, 1026, 1027, 1030,1031 
Sorangium, 1022, 1023 
Synangium, 1033 
Kobin 

Bacillus, 756 
Stable 

Bacillus, 631 
•Stoat (Ermine) 

Streptococcus, 323 

Mice 
Blind gut 
FusiformiSy 583 
Blood 

Bacillus, 647 
Hemophilus, 589 
Spirochaeta, 1068. 

Spirillum, 215 
Erythrocytes 
Dwarf mice 
Eperythrozoon, 1113 
Erythrocytes 
Multiinanunate mice 
Graharnella, 1110 
Erythrocytes 
Peruvian mice 
Graharnella, 1111 
Erythrocytes 
White mice 

Eperythi ozoouy 1112 
Haemobartonella, 1105, 1106 
General 

Bacillus, 816, 817, 825, 826 
Clostridium, 820, 826 
ErysipelothriXy 411 
JIaemJ/artonella, 1104 
Pasteurella, 549 , 550, 551 
Salmonella, 503 
Lungs 

Hemophilus, 589 
Miyagawanella, 1118 
Middle ear 

Coccobacillary bodies of Nelson, 1294 
Spleen 

Hemophilus, 589 

Mice, Diseases of 
Anthrax 

Bacillus, 720 
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Mice, Diseases of {continued) 
Bronchopneumonia 
Miyagawanella^ 1118 
('ancerous ulcers 
Spirochaeta, 1074 
C’heesy masses in lung 
Corynehacteriurny 390 
Epizootic in Japanese waltzing mice* 
Bacillus, 751 
(langrone 
Streptococcus, 342 
Joints, infected of white mice 
Corynebacterium , 402 
Mouse typhoid 
Salmonella, 503 
Plague in field mice 
Bacterium, 682 

Pleuropneumonia-like disease, 1293 
Pneumonitis 
Miyagawanella, 1118 
Q (Queensland) fever 
Coxiella, 1093 
Septicemia 
Corynebacterium, 390 
Septicemia in white mice 
Erysipelothrix, 390 
Tuberculosis, avian 
Mycobacterium, 881 
Tumors, breast 
Spirochaeta, 1068 

Milk and Cream 

Cream 

Bacterium, 602 
Leuconostoc, 348 
Micrococcus, 280 
Pseudomonas, 98, 700 
Streptococcus, 337, 339, 340, 343 
—, bitter 
Micrococcus, 265 
—, rancid 
Alcaligenes, 416 
—, ripening 
Achromobacier, 423 
Micrococcus, 274, 280 
—sour 

Flavobacterium, 440 
Milk 

Achromobacier, 421, 423, 425, 427, 
609 

Acuformis, 812 
Actinomyces, 974 


Aerobacter, 456, 457 
Alcaligenes, 416 
Aromabacillus, 735 
Bacillus, 644, 647, 648, 649, 653, 664, 
660,662,668,672,712,717,721,726, 
730, 731,733, 734,736, 737,738,741, 
742,743,744,745, 746,748, 761,762, 
753, 755, 757, 758, 813, 814, 815, 
818, 824 

Bacterium, 601, 602, 604, 674, 675, 
679, 680, 681, 684, 687, 760,761, 762 
Brucella, 561 
Chromobacterium, 694 
Clostridium, 770, 773, 791, 820, 824 
Corynebacterium, 390, 406 
Escherichia, 447 

Flavobacterium, 435, 440, 442, 611 
Galactococcus, 250 
Granulohacillus, 824, 826 
Lactobacillus, 352, 353, 355, 356, 357, 
358, 359, 361, 363, 364 
Leuconostoc, 347, 348 
Microbacterium, 371 
Micrococcus, 238, 239, 240, 241, 243, 
261, 252, 253, 254, 255, 256, 257, 258, 
259, 262, 263, 264, 265, 266, 267, 
268, 273 , 274, 278, 279, 280 
Mycobacterium, 879 
Paraplectrum, 825 
Plocamobacterium, 691 
Propionibacterium, 373 
Pseudomonas, 99, 100, 101, 145, 149, 
179, 700 

Sarcina, 290, 292 
Serratia, 481 

Streptococcus, 316, 320, 322, 323, 325, 
326,327,328,334,335,336,337, 339, 
342, 344 
—, curdled 

Micrococcus, 262 
—, pasteurized 

Bacillus, 721, 730, 733, 735, 755 
Corynebacterium, 406 
Lactobacillus, 355, 363 
Micrococcus, 255 
Pseudomonas, 101 
—, pasteurized skim 
Micrococcus, 255 
—^powdered, see Dairy Products 
—, raw 

Corynebacterium, 390, 406 
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Milk and Cream (continued) 
Milk, red 
Sarcina, 293 
—, akim 

Micrococc'us, 237 
—, sterilized 

Bacillus y 748, 750 

Mineral Sources 
Arrowhead, African 
Clostridium y 786 
Arrowheads, poisoned 
Bacillus y 826 
Concrete, corrosion of 
ThichadlluSy 81 
Coprolite 

Thicbacillus, 80 
Cutting compound 
Pseudomonasy 95 
Iron ore, swamp 
SiderococcuSy 835 
Lignite, fossil from 
Micrococcus y 266 
OiLbearing rocks 
Desulfovibrioy 209 
Oil, lubricating 
Bacillus y 756 
Oil'Soaked soils 
Bacillus y 663 
Bacteriumy 682 
Pseudomonas y 95 
Oil wells 

Desidfovibrioy 208 
Paint, fresh in greenhouses 
Ckromoibacteriumy 233 
Rocks 

ThiobacilluSy 80 
Rocks, oil-bearing 
DesvlfovibriOy 209 
Micrococcusy 271 
Salt, see Salt 
Salts, Rochelle 
Micrococcus, 260 
Tartrate 
Micrococcus, 260 
Walls, cellar 
Spirochaeta, 1053 
Walls, damp in cellars 
Bacterium y 688 
Micrococcus, 255, 277 


Walls, damp in mines 
Micrococcus, 255 
Walls, wine cellars 
Streptococcus, 340 

Mollusca, Common Names 
Ceplialopod 

Pseudomonas, 112 
Vibrio, 202 
Clam, intestine 
Bacterium, 632 
(Joneral, crystalline style 
Cristispira, 1055, 1056, 1057 
IVIussel 

Bacillus, 661, 663 
Cristispira, 1055, 1056, 1057 
Vibrio, 203, 207 
Oysters 

Inflabilis, 813 
Salmonella, 532 
Saprospira, 1054, 1055 
Spirillum, 215, 217 
-crystalline style 
Cristispira, 1055, 1056 
Scallop 

Cristispira, 1056 
Squid, intestine 
Bacterium, 632 

Mollusca, Scientific Names 
Anodonta cygnea, 1055 
Anodonta mutabilis, 1055, 1057 
Cardium edule, 203, 207 
Cardium papillosum, 1056 
Chama spp,, 1056 
Gastrochaena dubia, 1056 
Lima spp., 1056 
Loligo eduliSy 636 
Loiigo pealeii, 632 
Mactra sulcataria, 1056 
Mustelus mustelus, 632 
Mytilus edulis, 661, 663 
Ostrea edulis, 1056 
Ovalipes ocellatus, 632 
Pachalabra moestra, 1056 
Pecten jacobaeus, 1056 
Pholadis dactyli, 635 
Pinna sp., 1074 
Rondeletia minor, 112* 

Saxicava arctica, 1057 

Sepia sp,, 634 

Sept da intermedia, 202 
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Mollusca {continued) 

Solen ensiSf 1057 

Spheraides maculatus, 632 

Tapes decussataj 1057 

Tapes laeiay 1056 

Venus mercenariay 632 

Vemis {Meretrix) castra^ 1056, 1057 

Mud 

Aerohacter^ 692 
AmoebacteTj 849, 850 
Bacillus, 728, 741, 745, 814, 815 
Chitin-digesting bacteria, 632 
Chlorobiurn, 870 
Chlorochraniatium, 873 
Clathrocystis, 872 

Clostridium, 793 , 795, 803, 820, 824, 
825 

Cylindrogloea, 874 
Lamprocystis, 848 
Methanococcus, 248 
Micrococcus, 258, 275 
Pelochromatium, 859 
Pelodictyon, 871, 872 
Pseudomonas, 698 
Rhabdomonas, 854, 855 
Rhodopseudomonas, 864, 865, 866 
Rhodothece, 855 
Sarcina, 286, 287 
Thickacillus, 78, 79, 81 
Thiocapsa, 845 
Thiocystis, 847 
Thiodictyon, 846 
Thiopedia, 843 
Thiopolycoccus, 850 
Thiosarcina, 843 
Thiospirillum, 851,852, 853 
Thiothece, 846 

—. black (fresh, brackish and salt water) 
Methanococcus, 248 
Streptococcus, 337 
Urobacterium, 691 
—, canal 

Methanobacterium, 646 
—, containing sulfur 
Achromatium, 999 
Actinomyces, 973 
Macromonas, 1001 
Thioploca, 994 
Thiospira, 702 
—, curative 


Spirillum, 212 
Mud, lake 
Leptothrix, 986 
Micromonospora, 979 
Mud, marine 
Achromatium, 999 
Achromohacter, 418, 419, 421, 425 
Actinomyces, 970, 972, 974 
Bacillus, 658, 660, 661, 736, 741, 743, 
745, 748, 750, 818 
Bacterium, 632 
Clostridium, 795 , 820 , 821 
Desulfovibrio, 208 
Diplococcus, 694 
Flavobacterium, 430, 431, 432 
Methanobacterium, 646 
Micrococcus, 696 
Pseudomonas, 108, 697, 698, 699 
Spirochaela, 1053 
Thioploca, 994 
Vibrio, 703 

Muddy bottom, brackish waters 
Spirillum, 215 
Muddy water 
Bacterium, 688 

Oil, see Mineral Sources 

Peat 

Actinomyces, 969, 974 
Chromobacteriwn, 234 
Ilydrogenomonas, 78 
Thiobacillus, 81 

Petroleum, see Mineral Sources 

Pigs, see Hogs 

Phosphorescent Bacteria 

Achromobacter, 634 
Bacillus, 635 
Bacterium, 633, 634, 635 
Pseudomonas, 111, 112, 147 
Sarcina, 637 
Vibrio, 203 

Phosphorescent Materials 

Amphipod, dead. 111 

Fresh w^ater shrimp, 636 

General, 702, 703 

Luminous cephalopod, 112, 202 

Luminous cuttle fish, 634 

Luminous squid, 636 

Luminous fish, 633, 634, 635, 636, 637 
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Plant Disease Attacking 

Acer rnacrophilumt 113 

Acer spp.f 113,165 

A esc ulus turbinaia^ 165 

Agaricus campesirisy 128, 129 

Agropyron repensy 116 

Agrapyron smitkiiy 395 

Aleuritis fordiy 131 

Allium cepUy 136, 146, 740 

Amaranthus spp., 178 

Amorphophallus knojacy 171 

Ananas comosuSy 127, 128 

Ananas sativus, 472 

Antirrhinum majuSy 167 

Apium graveolenSy 122 

Arctium lappUy 168 

Aster chinensis, 477, 738 

Astragalus sp,, 139 

Avena sativay 113, 116 

Avena spp.y 162, 163 

Begonia spp,, 155 

Berberis thunbergeriiy 116 

Berberis vulgarisy 116, 155 

Beta vtdgarisy 144,468,478,613,639,663 

Bowlesia septentrionalisy 125 

Brassica rapa, 136 

Bromus inermisy 116 

Calendula officinalis y 133 

Canna indica, 171 

Capsicum annum y 164, 740 

Capsicum spp.y 120 

Carnegiea giganteay 468 

Castanea spp.y 138 

Chaetochloa lutescens, 142 

Cichorium intybuSy 125, 134 

Cichorium spp.y 133, 134 

Cissus japonica, 134 

Citrus spp.y 156, 178 

Coffea arabicUy 639 

CoTchofus capsularisy 164 

Corylus colurnay 139 

CoryluSy spp.y 157 

Cucumis sativus, 117 

Curcurbitaceae, 468 

Cuminum spp., 121 

Dactylis glomeratay 394 

Dahlia sp.y 473 

Daucus carotUy 136 

Daucu^ carota var. saliva, 166 

Delphinium spp., 115, 134, 696 


Dandrdbium sp,, 613 
Dianthus caryophyllus, 137, 143 
Dianthus sp., 639 
Dieffenbachia picta, 157 
Dclichos lablaby 160 
Dracaena fragrans, 157 
Edgeworthia chrysantha, 478 
Eriobotrya japonica, 144 
Erodium texanum, 122 
Eugenia latifolia, 399 
Euphorbia pulcherrima, 399 
Fraxinus spp., 132 
Gardenia jasminoides, 136, 696 
Geranium spp., 160, 167 
Gladiolus spp., 118, 130, 168, 478 
Glycine max, 131, 132 
Glycine sp., 160, 161 
Gossypium spp., 160 
Gossypium sp., 471, 477, 745 
Gypsophila paniculata, 230 
Hedera helix, 166 
Hdianthus debilis, 141 
Holcus sorghum, 143, 754 
Holcus spp.y 158 

Hordeum vulgare, 113,116,162,163, 740 
Hyacinihus orientalis, 152 
Ipomoea batatas, 136, 739 
Iris spp.y 118, 140, 147, 639 
Juglans spp., 159 
Koelranteria paniculata, 165 
Lactvca saliva, 114, 115, 125, 126, 129, 
134, 153, 154, 746 

Lacttxa saliva var. angustata, 168 
Lactuca scariola, 154 
Lathyrys odoratus, 477 
Lens esculenta, 141 
Lespedeza spp., 159 
Levisticum offitciale, 141 
Ligustrum japonicum, 128 
Lupinus polyphillus, 160 
Lupinus sp.y 747 
Lychnis sp., 639 

Lycopersicon esculentum, 145, 164, 747, 
757 

Lycopersicon lycopersicum, 112, 138 
Mangifera indica, 475 
Manihotus sp., 466 
Manihotus utilissima, 170 
Martynia louisiana, 112 
Matthiola incana, 158 
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Plant Disease Attacking (continued) 
Maithiola incana var. annua, 122 
Medicago saliva, 166, 393 
Medicago sp., 118 
Milletia florihunda, 466 
Morus sp., 135 
Musa sapienium, 140, 169 
Nerium oleander, 133 
Nicotiana iahacum, 114', 124, 127, 130, 
138, 167 

Odontoglossum cttrosmum, 751 
Olea sp., 132 
Oncidium krameriani, 145 
Oncidium sp,, 640 
Oryza saliva, 169 
Panax quinquefolium, 131 
Panicum miliaceum, 144, 169 
Papaver rhoeas, 165 
Passiflora edvlis, 138 
Pelargonium spp., 122, 160 
Pelasiles japonicus, 142 
Pelasiles sp., 142 

Phasedus vulgaris, 119, 127, 131, 160, 
161, 747 

Phleum pralense, 703 
Phormium lenax, 166 
Pinus halepensis, 640 
Piper belle, 130 
Pisum sativum, 119, 138, 747 
Pisum sativum var. arvense, 119 
Plantago lance olata, 161 
Pdygonum convdvulus, 140 
Populus spp., 123,751 
Primula polyaniha, 114,115 
Primula spp., 114 
Protea cynaraides, 170 
Prunus spp., 123, 153 
Pseudotsuga taxifdia, 231 
Pueraria hirsuta, 119 
Rhododendron ferrugineum, 639 
Ricinus communis, 131,162 
Rosacea^, 465 
Rubus spp., 229 

Saccharum officinarum, 121, 124, 163, 
171, 472, 473, 639, 763 
Salix alba, 467 
Salix spp., 144, 746 
Saponaria, 639 

Seeale cereale, 116, 162, 168, 740 
Sesamum, 753 
Solaria italiea, 126 


Soja max, 131,132 

Sdanum tuberosum, 129, 138, 757 

Slizdobium deeringianium, 135 

Taraxacum kok-saghz, 179 

Thea sinensis, 756 

Trifdium pralense, 141 

Trifolium spp., 757 

Triticum aeslivum, 116, 121, 400 

Trilicum sp., 162, 163; 740 

Ulmus sp., 142, 472 

Viburnum spp., 135 

Vida faba, 136, 139 

Vigna sinensis, 703 

Vigna sp., 160 

Vilis sp., 145, 276, 466, 478, 758 
Vilis vinifera, 639 
Washingtonia filifera, 697 
Zea mays, 472 
Zingibar oflidnale, 171 

Plant Diseases 

Alfalfa 

Leaves of, 165 

Stem and leaves, brown lesions, 118 
Vascular pathogen, 393 
Aloes, 758 
Amaranthus, 178 
Antirrhinum 
I^af spot, 107 
Apples 

Blister spot, 697 
Blisters and rough bark, 124 
Canker, 640 
Fire blight, 465 
Hairy root of, 229 
Rot of, 141 
Apricots, 153 
Arrowwood 

Angular leaf spot and stem lesions, 
135 

Ash 

Cankers, 132 
Asparagus lettuce 
Leaf spot on, 168 
Aster, 477 
Aster, China, 738 
Astragulus 
Black leaf spot, 139 
Bananas, 613 
Black rot, 140 
Blood disease of, 169 
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Plant Diseases (continued) 
Barberry 

Leaves and twigs, 116 
Barley, 116, 740 
Leaf streak, 113 
Leaves and seed of, 162, 163 
Bean 120, 131, 160, 161, 341 
Blighted leaves and stems, 127 
Halo blight, 119 
Wilt, 399 

Bean, Broad, 136, 139 
Castor oil, 131 
Leaf spot, 162 
Hyacinth, 160 
Kidney, 747 
Soy, 131, 132, 160, 161 
Spotted, 127 
Velvet 

Leaf spot, 135 
Windsor, 136, 139 
Beets 

Gall on, 154 
Leaves, 114 
Vascular rot, 144 
Beets, Sugar 
Gall on, 154 
Begonia 
Leaf spot, 155 
Betel vine 
Leaf spot, 130 
Bindweed, Black 
Diseased leaves, 140 
Bird’s nest fern 
Leaf blight, 696 
Blackberries, 229 
Bowlesia 

Water-soaked spots of, 125 
Brome-grass 
Water-soaked spots, 116 
Broom corn 
Lesions, 143 
Burdock 

Leaves and petioles of, 168 
Cabbage, 117 
Black rot, 155,156 
Soft rot, 471, 474, 477 
Cactus, 613 
Rot, 477 
Calla lily 
* Soft rot, 474 


Canna 
Leaves, 17 
Cantaloupes 
Wilt, 468 
Carnations 
Leaves, 640 

Root and stalk disease, 137 
Water-soaked lesions and leaves, 143 
Carrots, 136 
Leaves, 166 
Rot, 468 
Soft rot, 471 
Cassava 

Necrotic lesions of leaves, 466 
Wilt disease, 170 
Cauliflower 
Black rot of, 155,156 
Leaves, 117 
Soft rot, 474 
Celery 
Leaves, 122 
Rot, 639 
Soft rot, 471 
Cherries, 120 
Chestnut 
Canker, 640 

Water-soaked spots on leaves, 138 
Chrysanthemum 
Fasciated growth, 395 
Citrus, 120 
Canker of, 156 
Citrus fruits 
Spot disease, 475 
Clover, 757 
Clover, red 
Root rot, 141 
Corn, Field 
Blight, 457 

Stalk rot, 124, 125, 472 
Cotton, 477 
Angular leaf spot, 160 
Boll rot, 745 
Root rot, 471 
Stem and boll lesions, 160 
Cow peas, 120, 161, 703 
Cricket bat willow 
Watermark disease, 467 
Cucumber 
Leaves, 117 
Soft rot, 471, 474 
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Plant Diseases (continued) 
Cucumber (continued) 

Wilt, 468 
Cumin 
Blighted, 121 
Dactylis glomerata 
Slimy heads, 394 
Dahlia 

Tuber and stem rot, 473 
Delphinium 

Black spot on leaves, 115 
Douglas hr 
Galls on, 231 
Dill 

Blighted, 121 
Egg Plant 
Soft rot, 471, 474 
Elms, 279 

Dark discoloration of wood, 142 
Wet wood, 472 
English walnut 

Black spot of leaves and nut, 159 
Eugenia latifolia 
Witches’-broom, 399 
Fig 

Blight, 640 
Filbert trees, 157, 640 
Flax 

Leaf stripes, 166 
Foxtail, 142 
French endive 
Rot, 125, 134 
Gardenias, 696 
General, 89, 344 
Leaf spot, 136 
Geranium 

Fasciated growth, 395 
Galls on, 228, 229, 230, 231 
General, 167 
I-ieaf spot, 160 
Giant cactus 
Rot, 468 
Ginger 

Sprout rot, 171 
Ginseng 

Root rot, 131, 477 
Gladiolus, 118, 478 
Gummy lesions on leaves, 168 
Tubers, corm rot, 130 
Grapes, 145, 466, 478, 639, 758 
Grapevines, 276 


Grasses, 142 
Hazelnut, Turkish 
Leaves and stems of, 139 
Heron’s bill 
Leaf spot, 122 
Horse-radish, 164 
Black rot of, 165,166 
Root rot, 477 
Hyacinth 
Soft rot, 471 
Yellow rot, 152 
Iris, 118, 140, 147 
Blight on leaves, 639 
Brown leaf spot, 140 
Soft rot, 177, 471 
Italian millet 
Brown stripe, 126 
Ivy 

Lt^aves, 166 
Ivy, Japanese 
Black spot on leaves, 134 
Johnson’s grass 
Leaf stripe, 171 
Jute 

Water-soaked to brown spots on 
leaves, 164 
Konjac, 171 
Kudzu vine 
Halo blight, 119 
larkspur 

Bacterial blight, 696 
Rot, 134 
lentils 
Root rot, 141 
Lettuce, 154, 158, 746 
Leaves, 114, 115 
Marginal lesions, 126 
Root disease, 129 
Rosette disease, 129 
Rot, 125, 134 
Lettuce, wild, 154 
Lilac, 120 
Lily 

Brown spots on bulbs, 477 
Ix)quat 
Bud rot, 144 
Ix)vage 

Spot on leaves, 141 
Lucerne 
Root rot, 141 
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Plant Diseases (continued) 

Lupine, 161, 747 
Maize, see Corn 
Mango, 475 
Maple 
Leaves, 165 
Maple, large leaf 
Leaves, 113 
^larigokls, 133 
Millet 

Leaf stripe, 144 
Leaves, sheaths and culms, 169 
Mulberry 
Blight, 135 

Mushrooms, cultivated 
Brown spots on, 128 
Muskmelon 
Soft rot, 471 
Wilt, 468 
Nasturtium 
Leaves, 114 
Oats 

Black chaff, 162,163 
Galls, 133 
Halo spot, 116 
Leaf blight, 116 
Leaf streak, 113 
Olive, 761 

Galls and tubercles, 132, 750 
Onions, 740 
Bulb rot, 136, 146 
Rot, 146 
Soft rot, 471 
Orange 

Canker of, 156 
Orchid, 145, 640, 759 
Papaya, 478 
Paris daisy 
Galls, 228 
Parsnip 

Soft rot, 471, 474 
Passion fruit 
Leaves and fruit, 138 
Peaches, 153 
Pear 

Blossom blight, 129, 130, 134 
Canker, 640 
Fire blight, 465 
Peas, 747 

Diseased seeds, stems and pods, 138 


Peas, field 

Water-soaked lesions, 119 
—, garden 

Water-soaked lesions, 119 
Pelargonium 
Leaf spot, 160 
Peppers, 120 
Leaf wilt, 740 
Soft rot, 471 
Spotted fruit, 164 
Petunia 

Fasciated growth, 395 
Pine 

Galls, 640 
Pineapples 
Brown rot, 473 
Hot, 127, 128 
Plantago spp. 

Leaves, 161 
Plum 

Cankers, 123 
Plum, Japanese, 153 
Poinsettia 

Canker of stems and leaf spots, 399 
Poplar 
Cankers, 123 
Galls on branches, 751 
Poppy 

Black sfH)ts on leaves, buds and pods, 
165 
Potatoes 
Black leg, 469 

Black rot of stem and tuber, 469 
Blight and rot, 342 
Brown rot, 138 
Dark colored stem, 968 
Dry rot, 259 
Leaves, 757 
Ring rot, 393 
Rot, 129, 138, 293, 468 
Scab 958, 968, 969 , 970, 971, 972, 973, 
974 

Soft rot, 471, 474, 477 
Tubers, 640 
Primrose 

Leaf spot, 114,115 
Privet, Japanese, 128 
Proso millet 

Leaves, sheaths and culms, 169 
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Plant Diseases (continued) 

Protea 

Leaf spot^ 170 
Pumpkin 
Wilt, 468 
Radishes 
Leaf spot, 164 
Rot, 468 

Soft rot, 471, 474 
Raspberries, 229 
Galls on canes, 229 
Rhubarb 
Crown rot, 476 
Rice 

Leaf blight, 169 
Russian dandelion 
Root rot, 179 
Rutabagas 
Black rot of, 155,156 
Rye, 740 

Black cliaff, 162, 163 
I^af blight, 116 
Salsify 
Soft rot, 474 
Sesame, 753 

Brown spots on leaves and stems, 128 
Soft rots, 640 
Solanaceous plants 
Brown rot, 137, 138 
Sorghum, 754 
Leaf stripe, 171 
Lesions, 143 
Rot, 750 

Streak disease of leaves, 168 
Sorgo 

Lesions, 143 
Squash 
Leaf spot, 157 
Wilt, 468 

Stock, flowering, 158 
Vascular disease, 122 
Sugar beet, 114, 477, 639 
Curly top, 663 
Rot, 468 
Soft rot, 613 
Sugar cane 

Bacterial gumniosis, 163 
Leaf scald, 639 
Mottled stripe, 170 
Red stripe, 154 
Sereh, 753 


Soft rot, 472, 473 
Stalk rot, 124, 125 
Stinking rot, 121 
White stripe, 639 
Sunflower, 141 
Sweet peas, 477 
Fasciated growth, 395 
Sweet potato, 136, 949, 958 
Rot, 739 
Tea, 766 
Timothy grass 
Streak disease, 703 
Tobacco, 167, 477 
Angular leaf spot, 114 
Black rust, 124 
Brown rot, 137, 138 
Collar rot, 477 
Fasciated growth, 395 
Leaf spot, 127, 477, 639 
Rusty spot on leaves, 130 
Wildfire, 124 
Tomatoes, 747, 757 
Bacterial canker, 394 
Blossom end rot, 477 
Brown rot, 138 
Leaves, 113 
Rot, 468, 640 
Soft rot, 471, 474 
Spotted fruits, 164 
Tung oil tree, 131 
Turnips, 136 
Leaf spots, 164 
Soft rot, 471, 474 
Unicorn plant 
Leaves, 112 
Vanilla vine, 640 
Walnut 

Black spot of leaves and nuts, 159 
Washington palm, 697 
Wheat, 279, 639 
Basal glume rot, 121 
Black chaff of, 162, 163 
Leaf blight, 116 
Slimy heads, 400 
Wheat grass 
Slimy heads, 395 
Willow, 746 
Wilted branches, 144 
Winter cress 

Black rot of leaves and stems, 155 
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Plant Diseases (continued) 

Wisteria 
Canker, 640 
Wisteria, Japanese, 

Gall, 466 

Plant Sources 

Ahri precatoriif 672 
Alepecurua pratensis, 738 
Algae, 218, 366 
Almus spp., 944, 968 
Aquatic plants, 672 
Arachie hypogasa, 681 
Asparagus infusions, 262 
Aucuba japonica, 146 
Bark, covered with lichens, 1035 
Bark, decaying, 1042 
Bark, old, 1045 
Bark, poplar, 1026, 1031 
Bark, wet, 1026, 1030 
Barley, 679 

Bean infusions, 218, 262, 264, 268, 271, 
273, 277, 750 

Beans, purple discoloration salted, 109 
Beer wort, 146 
Beet juice, 657 
Beet juice, fermented, 189 
Beets, 825 
Fodder, 100 
Leaves, 752 
Rotting, 250 
Bladder wort, 671 
Boleiua eduliSf 254 
Brewer^s grain, 744 
Cabbage, 456, 750 
Cacao beans, 951 
Carrot, slices of, 758 
Cherry trees, gum, 754 
ClcLdophora, 1032 
Clematis, stem of, 1042 
Corn, 759, 760, 761, 781, 825 
Grains soaked in water, 148 
Seedlings, 281 
Stalks, 825 
Cotton husks, 222 
Decaying vegetation, 989 
Decomposing leaves, 618 
Digitalis infusions, 262, 263 
Elodea, leaves, 259, 833 
Epiphytes, 833, 834 


Flax, retting, 803, 807, 814, 819, 822, 
823, 824 

Flour, 281, 291, 292 , 293, 294 
Flour pastes, acidified, 287 
Fodder, 733, 737, 750, 755 
Green, 750, 755 
Fruits, 694 
Fungi, 254, 689 
Fungi, old, 1037 
General, 455, 712,717 
Grains, 281, 455, 460, 602, 654, 721, 751, 
774, 824 , 825, 826, 916, 935, 967, 968, 
969, 970 

Grains, ground, 733, 736, 751 
Grapes, Spanish dried, 624 
Grapes stored in sawdust, 756 
Grass, 370, 749, 973 
Green algae, fresh water, 834 
Hay, 602, 734, 740, 890, 957 
Clover, 173 
Heating of, 740 

Hevea hrastlienstSy 256 , 260, 273, 284, 
416 

Hibiscus, Retting, 263,813, 815,819 
Hibiscus, stamens and pistils of, 258 
Ipomoea sp., 949, 958 
Jequirity seed, 672 
Kelp, 970 

Kenaf, retting of, 263, 813, 815, 819 
lAtex, 256,260,273,284, 416 
Lathyrus spp., 225 
Leaves, 173, 1046 
Indigo plant, 659 
Pitcher plant, 655,668 
Sundew, 653 
Legumes, 824 
Lens spp., 225 
Lichens, 1045 
Decaying, 1031 
Litmus solution, 743, 757 
Liverworts, 1020 

Lupine, 226, 656, 657, 661, 663, 678, 689 
Maize, see Corn 
Maple sap, 664 
Slimy, 456 

Marine algae, 200, 627, 642, 692, 697, 
698, 702, 703, 1016 
Acanthophora spicifera, 703 
Cladophoropsis sp., 702 
Gracilaria blodgettii, 697 
Oracilaria confervaides, 702, 703 
Iridaea cordata, 629, 630 



INDEX OF SOURCES AND HABITATS 


1359 


Plant Sources {continued) 

Marine algae {continued) 

Laurencia poitei, 702 
Nercocystis luetkeana, 629 , 630 
Odonthalia knmischaiica^ 628 
Porphyra perforata^ 630 
Marine phytoplankton, 421, 703 
Meadow plants, 749 
Meal, cotton seed, 689 
Medicago spp., 227 
Melilotus spp.^ 227 
Melon rind, 1037 
Myrica, 972 
Nodules on roots of 
Alfalfa, 227 
Beans, 225 
Clover, 226, 480 
Coffee, 639 
Fox grass, 738 

Legumes, 650, 656,.657, 661, 663, 678, 
689 

Lentils, 225 
Lupine, 226 
Pea, 225 
Soybeans, 226 
Sweet clover, 227 
Vetch, 225 
Nymphaea^ 833 
Oranges, 825 
Ornithopus spp , 226 
Pararubber tree, 416 
Parasitic on lichens, 1035 
Peanut plant, 681,690 
Peas, 751 
Pelargonium j 167 
Persimmons, dried, 679, 694 
Pkaseolus spp., 225 
Pine bark, 677 
Plant dust, 889 
Poison ivy, 279 
Poison on arrowheads, 826 
Poplar trees, bark, 259, 272 
Potamogeton natans, 834 
Potatoes, 264, 269, 781, 825 
Internal rust spots, 98 
Rotten, 491, 738,1074 
Rhus spp., 279 
Rice, 825 
Hulls, 222 
Paddies, 676 

Root nodules, see Nodules on legumes, 
etc. 


Roots of alder, 944, 968 
Hoots of Myrica, 972 
Rotting vegetables, 6.54 
Rotting wood, 146, 211 
Rubber tree, latex of, 256, 260, 273, 284 
Sagittaria, 833 
Salvinia, 833 
Sauerkraut, 146 
Saw dust, 210, 211 
Seaweed, see Marine Algae 
Rotting, 680 

Seeds, germinating, 678, 679 
Serradella spp., 226 
Sriakeroot infusions, 263 
Soja max {Glycine max), 226, 292 
Sorghum, 253 
Soybean mash, 292 
Spliagnum moss, 344 
Spirogyra sp., 834 
Straw, 271, 602, 935, 980 
Old, 1037 
Strawberries, 422 
Sugar beet, 748 
Sugar cane, roots, 825 
Surfaces, 484 
Timothy grass, 890 

Tobacco, 674, 677, 680, 682, 68:1, 685, 
686, 687, 690, 694 
Tomato juice, 713 
Rotted, 491 
Trifolium spp., 226 
Trigonella spp., 227 
Uiricularia vulgaris, 671 
Vegetable fibers, disintegrating, 210 
Vegetable infusions, 147, 148, 277, 278, 
280 

Victa spp., 225 
Watermelon, decayed, 748 
Wheat bran, 287 
Wood, old, 1037 

Rotting, 728, 736, 745, 747, 758, 1037 
Wet, 1026, 1030 
Yeast nmsh, 146 
Zoster marina, 1002 

Poultry Diseases, see Birds 

Protozoa, Common Names 
Flagellate ectoparasite 
Fusiformis, 583 
Treponema, 1075 
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Protozoa, Scientific Nanios 
Descovina spp.^ 583 
Devescovina hilli^ 1075 
Euglena deses^ 1121 
Lophomonas striata ^ 604 
Paramoecium aurelia^ 1122 
Paramoecium caxidatum^ 1122 
Pelomyxa palustris, 1123 
Pdymastix legeri^ 604 
Pdymastix melcionthas^ 604 
Trichomonas hatrachorum^ 1123 
Trichonynipha chattoni, 1121 
Trichonympha corbula^ 1121 
Trichonympha peplophora, 1121 
Trichonympha spp.y 1121 

Putrefying Materials 

Blood 

Bacillus y 817 

Streptococcus, 340, 341, 343, 344 
Bones, macerated 
Bacterium, 683 
Eggs, rotten 
Bacillus, 657 
£!gg white 
Bacillus, 654 
Fish 

Bacillus, 671, 814 
Clostridium, 821 
—, luminous 

Bacterium, 633, 634, 635, 636, 637 
—, spoiled semi-dried 
Flavobacterium, 694 
Game birds 
Bacillus, 817 
Clostridium, 796 
Gelatin, spoiled 
Bacillus, 756 
General 

Bacterium, 607, 608, 609, 610 
Pseudomonas, 97 
Spirillum, 214, 216, 217 
Streptococcus, 330 
Ham, sour 
Clostridium, 784 
Infusions 
Bacillus, 816 

Manure, see Manure (Dung) 

Meat 

Bacillus, 813, 816,818, 825 
Clostridium, 788, 796, 800, 821, 826 


Diplococcus, 309 
Micrococcus, 256 
Proteus, 488, 489 
Ristella, 576 
Meat infusions 
Micrococcus, 254 
—, luminous, 633, 635 
Milk 

Bacillus, 824 
Pork, macerated 
Clostridium, 783, 802 
Sulfur stinker spoilage, canned goods 
Clostridium, 803 

Rabbits 

Blood 

Bacillus, 818 
Spirochaeta, 1060 
Brain 

Flavobacterium, 437 
Erythrocytes 
Eperythrozoon, 1113 
Eye, Descemet’s membrane 
Rickettsia, 1091 
—, endothelial cells 
Rickettsia, 1091 
General 

Micrococcus, 271 
Salmonella, 513, 514, 521 
Streptococcus, 338, 339 
Veillonella, 304 
Kidney 

Corynebacterium, 405 
Liver 

Spirochaeta, 1065 
Lungs 

Bacillus, 647 
Mouth cavity 
Veillonella, 303 
Nasal mucosa 
Zuberella, 578 
Not pathogenic for 
Johne’s disease 
Mycobacterium, 881 
Tuberculosis,' amphibian 
Mycobacterium, 886 
Tuberculosis, bovine 
Mycobacterium, 879 
Tuberculosis, human 
Mycobacterium, 878 
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Tuberculosie, piscine 
My cobacterium y 883, 884 
Tuberculosis, snake 
My cobacterium j 886 
Red blood cells, see Erythrocytes 
Stomach contents 
Actinomyces, 974 
Viscera 

Bacillus, 818 

Rabbits, Diseases of 

Abscess, liver 
Aerobacter, 456 
Abscesses, skin 
Hemophilus, 589 
Neisseria, 301 
Actinomycosis 
Actinomyces, 928 
Anthrax 

Bacillus, 663, 720 
Streptococcus, 338 
Blood of diseased rabbits 
Clostridium, 820 
Micrococcus, 272 
Brucellosis 

Brucella, 561, 562, 563 
Conjunctival folliculosis 
Noguchia, 594 
Cornea, diseased 
Micrococcus, 254 

Diphtheritic inflammation of intestine 
Corynebacterium, 402 
Endometritis 
Leptothrix, 366 
Epizootic 
Bacillus, 653 
Bacterium, 681 
iMicrococcus, 261 
Erysipelas of ear 
Bacillus, 655 
(slanders 

Mallenmyces, 555, 556 
Haemobar to ne 1 losis 
Haemobartonella, 1104 
Hemorrhagic septicemia 
Pasteurella, 547, 549, 550, 551,5^2 
Infections 
Actinomyces, 928 
Corynebacterium, 403 
Nocardia, 911 
Streptococcus, 339 


Lesions, genitoperineal region 
Treponema, 1073 
Listeriosis 
Listeria, 409 
Lung plague 
Bacterium, 552 
Melioidosis 
Malleomyces, 556 
Metritis 

Corynebacterium, 404 
Necrosis of liver 
Ijisteria, 409 
Necrotic lesions 
Clostridium, 820 
Pleuritis 
Leptothrix, 366 
Pieuropericarditis 
Klebsiella, 459 
Pneumonia 
Bacillus, 647 
Pus, stinking 
Bacterium, 685 
Ilabies-like disease 
Bacillus, 663 
Septicemia 
Micrococcus, 251 
Streptococcus, 317, 340 
Spirochetosis 
Treponema, 1073 
Suppuration 
Leptothrix, 366 
Syphilis 

Treponema, 1071, 1076 
Tuberculosis, avian 
Myccbacieriurr\, 881 
Tuberculosis, human 
Mycobacterium, 879 
Tympanitis 
Bacillus, 818 
Tympanitis in young 
Bacillus, 757 

Rats 

Blood 

Leptospira, 1077 
Spirillum, 215 
—, albino rats 

Haemobartonella, 1104 
—, desert rats 
Grahamella, 1109 
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Rats (continued) 

Ery throcy tea 
Grahamellay 1110 
Ilaemobartonellay 1107, 1108 
—, albino 

Haemobartonellay 1103 
—, jumping 

Grahamellay 1110 
—, marsupial 

Haemohartonella, 1108 
—, white 

Haemobartonellay 1106 
Feces 

Salmonellay 504 , 512 , 531 
General, gray rats 
Leptospiray 1078 
Intestine 

Catenabacteriuniy 368 
—, white rats 

Corynehacleriumy 403, 404 
Kidneys 
Leptospira y 1077 
Large intestine 
RtstellOy 567 
Middle ear 

C>)ccobacillary bodies of Nelson, 
1294 

Not pathogenic for 
Tuberculosis, amphibian 
Mycobacterium y 885 
Preputial glands 
Mycobacterium, 891 
Red blood cells, see Erythrocytes 
Stomach 
Spirillum y 218 
Urine 

Leptospira, 1077 

Rats, Diseases of 

Brucellosis 
Brucella, 563 
Endemic disease of 
Mycobacterium, 883 
Epizootic among white rats 
Micrococcus, 261 
General 

Actinomyces, 972 
Bacillus, 665 
Clostridium, 779 
Nocardia, 922 
Pseudomonas, 89 


Glanders 
Malleomyces, 556 
Hemorrhagic septicemia 
Pasteurella, 548, 549, 550, 551 
Hepatized lung 
Bacterium, 402 
Leprosy 

Mycobacterium, 882 
Melioidosis 
Malleomyces, 556 
Nodular lesions, Madagascar rat 
Actinomycesy 917 
Plague 

Bacillus, 663 
Pasteurella, 549 

Pleuropneumonia-like disease, 1292 
Thyroid infection 
Bacterium, 402 

Reptiles, Common Names 
Boa constrictor 
Mycobacterium, 885 
Chucka walla 

Bacterium, 461, 462 
Gila monster 
Pseudomonas, 92 
Serratia, 462 
Horned lizards 
Pseudomonas, 92 
Serratia, 462 
Lizards 

Actinomyces, 971 
Bartonella, 1108 
Mycobacterium, 883, 884, 885 
Pseudomonas, 92 
Treponema, 1076 
—, gekkonid 
Serratia, 462 
—, inguanid 
Serratia, 462 
Python 

Mycobacterium, 885 
Snakes 

Mycobacterium, 886 
Salmonella, 503, 513, 524, 526, 527 
Serratia, 462 
Snakes, brown 
Serratia, 462 
—, garter 

Mycchacierium, 886 
Serratia, 462 
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Reptiles {coniiMied) 

Tortoise 
Bartonella, 1108 
Turtle 

Mycobacterium, 885, 887, 891 
—, musk 
Serratia, 462 

Reptiles, Diseases of 
General 

Salmonella, 513, 514, 519 
Serratia, 462 

Lizards, contagious disease 
Serratia, 462 
—tumors 
Bacterium, 461 
Serratia, 462 
Snakes, blood 
Spirochaeta, 1070 
—, tuberculosis 
Mycobacterium, 886 
—, typhoid-like infection 
Pseudomonas, 700 
Turtles, tuberculosis 
Mycobacterium, 885, 887, 891 

Reptiles, Scientific Names 
Anolis carolinensis, 462 
Anolis equestris, 462 
Brasilicus vittatus, 462 
Caluber catenifer, 885 
Hemidactylus brookii, 462 
Lacerta sp., 971 
Lacertilia sp,, 1108 
Python moiurus, 885 
Saurornalus varius, 461 
Sternothaeris odoraius, 462 
Storeria dekayi, 462 
Tarentola mauritamca, 462 
Tasaxerus cepapi, 974 
Testudo graeca, 1108, 1111 
Thamnopkis butleri, 462 
Thamnophis sirialis, 886 
Tropidonotus stolatiis, 1070 
Tropidurus pcruvianus, 1108 

Retting, Flax 
Bacillus, 722 , 814 
Bacterium, 819 
Clostridium, 803, 807, 824 
Granulobacter, 822, 824 
Plectridium, 823, 824 


Retting, Hemp 
Bacterium, 681 
Plectridium, 824 

Retting, Kenaf (Hibiscus) 

Bacillus, 813, 815 
Clostridium, 819 
• Listerella, 409 
Micrococcus, 263 

River Water 

Bacillus, 644, 652 , 654 , 655, 658, 659, 
667, 693, 741, 815 
Bacterium, 601 
Chrornobactenum, 233, 234 
Clostridium, 824 
Plavobacterium, 433, 611 
Leptothrix, 986 
Micrococcus, 270, 273 , 275 
Pseudomonas, 93,149, 697 
Saprospira, 1055 
Serratia, 484 , 485 
Spirochaeta, 1053, 1054 
Thiobacillus, 79, 81 
Urobacillus, 691 
Vibrio, 196, 203 
Zuberella, 577 

River Water, Name of River 
Elbe River, 203 

Granta River, Cambridge, 1053, 1054, 
1055 

Illinois River, 484 

Mississippi River, 484, 485, 601, 644 

Ohio River, 601 

Rhine River, 273, 433 

Schuylkill River, 93,270,275,677,693 

Seine River, 824 

Spree River, 196 , 654 , 697 , 986 

Zwonitz River, Chemnitz, 611 

Salt and Salted Materials 

Chrornobactenum, 234 
Clostridium, 784 
Pseudomonas, 109, 110 
Brines 

Bacillus, 648, 658 
Desulfovibrio, 208 
Pseudomonas, 109,110, 147 
Sarcina, 289 
Vibrio, 702 
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Salt and Salted Materials {continued) 
Salted codfish, reddened 
Bacillus f 667, 742 
Flavobacterinm, 442 
Micrococcus y 259 
Pseudomonas y 110 
Salted fish 
Bacillus y 658 

-, red spoilage 

Pseudomonas y 110 
Salted hides 
PseudomonaSy 110 
Salted intestines (Wiener skins) 
TelracoccuSy 284 

Salted sardines, anchovies, etc. 

VibriOy 204 
Salt ponds, red 
Pseudomonas y 110 
Salt waters, also see Sea Water 
Spirillumy 212 
Solar salt 
Pseudotnonas y 110 
Ristellay 576 
SarcinUy 289 

Salt Seas and Lakes 

Dead Sea 

FlavobacteriutHy 441,442 
JJalobartenumy 234 
Pseudomonas y 147 
India 

Pseudomonas y 110 
Liman, near Odessa 
Urcharierium, 691 
Russia 

ThiohacilluSy 81 
Sand, se(‘ Soils 

Sauerkraut, see Fermenting and Fer¬ 
mented Materials 

Sea Water 

Acetobacter, 692 

Achroniohactery 419, 421, 423, 424, 425, 
634 

Bacillusy 653, 658, 660, 661, 662, 667, 
741,743, 746, 750, 754,818 
Bacteriumy 606, 625, 626, 627, 632, 633, 
635, 642, 673, 674 , 675, 677, 678, 680, 
681, 683, 686 
Bader aides y 566 
Beggiatooy 991, 992, 993 


Ckromatiumy 857, 858 
Clostridium y 820 
CytophagUy 1014, 1015 
DesulfovibriOy 208 

Flavobacteriurny 429, 430, 431, 432, 435, 
438, 439, 441, 631 
Leptospira y 1079 

Micrococcusy 240, 246, 254 , 255, 262, 
263, 267, 268, 271, 695, 696 
MicrospirOy 202 
Photobactenumy 636, 637 
PseudomonaSy 107, 108, 110, 111, 112, 
175, 697, 698, 699, 700 
SarcinOy 701 
Serratiay 484 
Spirillum y 217 

Spirochaetay 1052, 1053, 1054 
Streptococcusy 330 
ThiobacilluSy 79, 81 
Tkiopediay 843 
ThiospirOy 212, 702 
ThiothriXy 990 
Thiovulumy 1000 
Urobacteri um , 691 
V^briOy 200, 205, 703 

Sea Waters 
/Vtnbergris 
Spirillumy 217 
Bottom sediments 
Bacteriumy 627 
Flav obacteri um y 631 
Brine, red 
PseudomonaSy 110 
Sarcinuy 289 

Containing rotting seaweeds 
Achromatiuniy 999 
Beggiatoa, 991, 992 
ThiothriXy 990 
Thiovulum, 1000 
General 

PseudomonaSy 175 
Harbor at Kiel 
Spirochaetay 1053 
Lime precipitation 
PseudomonaSy 108 
Marine bottom deposits 

Bacillusy 739, 741, 746, 755, 756 
Micrococcusy 696 

PseudomonaSy 697, 698, 699 , 700, 701 
Sardnay 701 
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Sea Waters (continued) 

Marine bottom deposits (continued) 
Thiospirat 702 
Vibrio, 703 

Marine mud, see Mud, Marine 
Marine phytoplankton 
Bacillus, 743 
Vibrio, 703 
Mussel beds 

Deaulfovibrio, 207 
Submerged surfaces 
Bacterium, 606, 607 
Flavobacterium, 631 
Micrococcus, 696 
Pseudomonas, 697, 699, 700 
Sulfur waters 

Beggxaioa, 991, 992, 993 
Thiopedia, 843 
Thiothrix, 990 
Tropical waters 
Pseudomonas, 108 

Sea Waters, Geographical Distribution 
Arctic Ocean, 202, 254 , 255 
Australia, Elizabeth’s Bay, 634 
Baltic Sea, 636 
Barents Sea, 423 

California Coast, 419, 421, 430, 4.31^ 
432 , 606 , 607 
Denmark, (^oast of, 217 
Kiel, Harbor at, 183, 1053 
Naples, Gulf of, 425, 745, 748 
North Pacific Coast, 175 
Norwegian Coast, 200, 626 
Pacific Coast, U. S. A. 107 
Scotland, Coast of, 741 
West Indies, 112 

Woods Hole, Massac* huso Its, 111, 660, 
661, 7.50 

Sewage 

Achromobactcr, 420, 427 
Bacillus, 654, 667, 670, 729, 730, 7.35 
813, 814, 816, 817, 833 
Bacterium, 610, 675, 685, 687, 68S 
Clostridium, 788, 791,812 
Desulfovibrio, 208 
Escherichia, 452 
Methanobacterium, 646 
Microspira, 202, 203 
Nitrobacter, 75 
Nitrocystis, 76 


Nitrosogloea, 73, 74 
Pseudomonas, 89, 90, 91 
Salmonella, 529 
Sarcina, 287 
Spirillum, 203 
Thiobacillus, 79 
Urobacillus, 691 
Vibrio, 203, 204 
Drains of slaughter houses 
Bacillus, 825 
Filterable bodies, 1294 

Sewage Deposits 

Slime 

Achromobactcr, 423 
Bacterium, 610, 615 
Sludge, activated 
Nitrocystis, 75 
Xitrosocystis, 73 
Nitrosogloea, 73, 74 
Xitrosospira, 71 
Pseudomonas, 81, 150 
Vibrio, 702 
Sludge, fermenting 
Sarcina, 287 

Sewage Effluents 

Achromobactcr, 419, 426 
(Jhromobacterium, 233 
Nitrocystis, 75 

Sewage Plants 

Filter beds 
Micrococcus, 269 
Pseudomonas, 91 
Settling basin 
Clonothnx, 983 

Sheep 

Blood 

Rickettsia, 1097 
Spirochaeta, 1068 
Bronchi 

Hemophilus, 589 

(’orneai or conjunctival discharges 
Colesiota, 1120 
Erythrocytes 
Eperythrozoon, 1112 
General 

Salmoj^ella, 502, 509, 528 
Intestine 
Bacillus, 815 
Bacterium, 690 
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Sheep (continued) 

Nasal secretions 
Streptococcus f 338 
Pancreas 
Streptococcus, 338 
Red blood cells, see Erythrocytes 
Stomach 

Streptococcus, 338 
Stomach contents 
Bacterium, 681 

Sheep, Diseases of 
Abortion 
Brucella, 561 
Salmonella, 506 
Agalactia 
Anulomyces, 1292 
Anthrax 

Bacillus, 720 
Black leg 
Clostridium, 773 
Braxy 

Bacillus, 825 
Circling disease 
Erysipelothrix, 409 
Diarrhoea 
Bacillus, 826 
Diseased lambs 
Bacillus, 648 
Entero toxemia 
Bacillus, 826 
Eperythrozoonosis 
Eperythrozoon, 1111 
Foot rot 

Actinomyces, 917 
Spirochaeta, 1074 
Treponema, 1076 
Gangrenous mastitis 
Micrococcus, 267 
Glanders 
Malleomyces, 555 
Heartwater 
Cowdria, 1094 
Hemorrhagic septicemia 
Pasteurella, 549, 554 
Infections 

Corynehacterium, 402 
Rickettsia, 1095 
Streptococcus, 342 
Infectious mastitis 
Pasteurella, 554 


Keratitis 
Colesiota, 1119 
Lesions 

Actinomyces, 916 
Listeriosis 
Listeria, 409 
Lymphadenitis, caseous 
Corynehacterium, 389 
Mastitis 

Streptococcus, 340 
Necrotic areas in kidney 
Corynehacterium, 389 
Ophthalmia, infectious 
Colesiota, 1120 
Pleuropneumonia, bovine 
Aster ococcus, 1292 
Pneumonia 
Pasteurella, 549 

Purulent infections, uriimry tract 
Corynehacterium, 389 
Pyorrhoea 
Leptothrix, 366 
Sheep pox pustules 
Streptococcus, 345 
Struck 

Bacillus, 826 
Tuberculosis, bovine 
Mycobacterium, 879 

Shellfish, see Molluscs 
Snow 

Bacillus, 735 
Bacterium, 760 
—, melting of glacial 
Pseudomonas, 145 
—, red 

Pseudomonas, 148 

Soil 

Achromobacter, 419, 423, 424, 426, 622 
Actinomyces, 968, 969, 970, 971, 972, 
973, 974 
Aercbacter, 456 
Agrcbacterium, 230 
Alcaligenes, 416 
Angiococcus, 1048 
Archangium, 1019 
Azotobacter, 220, 221 
Azotomonas, 222 

Bacillus, 622, 623, 631, 649, 650, 653, 
656, 660, 662, 663, 664, 665, 666, 668, 
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Soil {continued) 

Bacillus {continued) 

669, 670, 671, 672, 711, 712, 713, 714, 
715, 717, 719, 721, 722, 723, 724, 725, 
726, 728, 729, 730, 731, 732, 733, 734, 
735, 736, 737, 738, 739, 740, 741, 742, 
743, 744, 745, 746, 747, 749, 750, 751, 
752 , 753, 754, 755, 756, 757, 758, 8l3, 
814, 815, 816, 817, 818, 821, 825, 826, 
827 

Bacterium, 76 , 407, 408, 602 , 603 , 613, 
614 , 615, 637 , 638, 642, 643 , 673, 674, 
676, 677, 679, 682, 685, 688, 760, 761, 
762 

Bactoderrna, 76 
Butylobacter, 825 
Cellfalcicula, 211 

CellulomoncLS, 617 , 618, 619 , 620 , 621, 
622 

Cellvibrio, 210, 211 
Chondrococcus, 1045, 1046 
Chondromyces, 1037, 1038, 1039 
Chromobacterium, 233 
Cladothrix, 983 

Clostridium, 770, 772. 773, 774, 776, 
778, 779, 781, 782, 783, 784, 78.5, 788, 
789, 791, 793, 794, 795, 797, 798, 799, 
800, 801, 802, 809, 810, 811, 812, 819, 
820, 821, 824, 825 
Cornilia, 822 

Corynebacterium, 391, 393, 394, 396, 
397, 398, 403, 404, 407, 408 
Cytophaga, 1013, 1014 
Demtrobacterium, 690, 762 
Desulfovibrio, 208 
Escherichia, 449, 450, 452 
Flavobacterium, 429, 430, 436, 438, 440 
Granulobactllus, 824, 826 
Granulobacter, 822, 824 
Hiblerillus, 822 
Hydrogenomonas, 77, 78 
Hyphomicrobium, 837 
Lactobacillus, 364 
Melittangium, 1034 
Methanobacterium, 646 
Methanococcus, 248 
Methanomonas, 179 
Microbacterium, 370, 371 
Micrococcus, 238, 251, 255 , 270, 271, 
275, 281, 696 
Microderma, 76 


Micromonospora, 979,980 
Mycobacterium, 885, 887, 888, 890, 919 
Mycococcus, 891 
Mycoplana, 191 
Myxococcus, 1042, 1043, 1044 
Nitrobacter, 74, 75, 76 
Nitrosobacillus, 690, 762 
Nitrosococcus, 71 
Nitrosocystis, 72, 73 
Xitrosomonas, 70, 71, 76 
Nitrosospira, 72 
Xttrosptra, 72 

Nocardia, 897, 898, 899, 902, 903, 904, 
905, 906 , 908, 913, 914 
Par acolobactrum, 460 
Pectinobacter, 823 
Pleclndium, 823 
Podangium, 1035 

Polyangium, 1027, 1028, 1029, 1030, 
1031, 1032 

Proaciinom yces, 923 
Propionibacterium, 376 
Protamincbactcr, 190 
Pseudomonas, 90, 92, 94, 95, 97, 98, 99, 
100, 104, 105, 106, 145, 147, 149, 150, 
174, 176, 177, 179 , 698, 700 
lihodococcus, 275 
Sacchar(bacterium, 623, 624 
Sarcina, 286, 287, 288, 293, 294 
Serraiia, 481 

Sor'angium, 1022, 1023, 1024 
Spirillum, 215, 216 
Sporocytophaga, 1048, 1050 
Slreptchacillus, 823 
Streptococcus, 337, 341, 344 
Streptomyces, 935, 9.36, 937, 9i}8, 939, 
940, 941, 942, 943 , 944, 945, 946, 947, 
948, 950, 951, 952, 953, 954 , 955, 956. 
957, 958 

Thiobacillus, 79, 80, 81 
Thiospira, 212 
Urobacillus, 691 

Vibrio, 199, 200, 201, 203, 204, 205, 206, 
207 

Soils 

Acid humus soils 
Streptomyces, 956 
Adobe soil 

Actinomyces, 968 

Streptomyces, 937, 943, 945, 952 , 954, 
968 
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Soils {continued) 

Black, see Mud 
Polyangtum, 1028, 1029 
Compost of soil, sulfur and rock phos¬ 
phate 

Thiobacillus, 79 

Containing incompletely oxidized sul¬ 
fur compounds 
Thtodacillus, 79 
Containing urine 
jh tcrococctis, 238 
Desert 

Actinomycesj 972, 973 
Field 

Azotobacter, 220 
Bacillus, 732 
Nitrosospira, 71 
Filterable bodies, 1294 
Forest 

Bacillus, 666, 752 
Cellfalcicula, 211 
Cellvibrio, 210 
Nitrosogloea, 73 
Garden 

Actinomyces, 969, 970 
Bacillus, 664, 666, 669, 672, 739, 743, 
745, 750, 752, 751, 755, 815, 826 
Bacterium, 673, 685 
Clostridium, 781, 793, 798, 799, 811, 
820, 825, 826 
Cormlia, 822 
Granulobacter, 822 
Hydrogenomonas, 78 
Lactobactenum, 364 
Methanococcus, 248 
Micrococcus, 270 
Mycobacterium, 890 
Pseudomonas, 698 
Sarcina, 286, 294 
Spirillum, 216 
Sireptobacillus, 823 
Streptomyces, 936, 939, 948 
Ur (bacillus, 691 
Vibrio, 203 
Greenhouse 
Nitrocystis, 75 
Humus 

Clostridium, 770 
Urobacillus, 691 
Legume 

Rhizobium, 225, 226, 227, 230 


Made soils 
Cladothrix, 983 
Manured soils 

Clostridium, 776, 778, 783, 822 
Nitrogloea, 73 

Marine mud, see Mud, marine 
Mud, see Mud 

Oil-soaked soil, see Mineral Sources 
Orchard 

Streptomyces, 944, 954 
Pasture land 
Hydrogenomonas, 78 
Peat, see Peat 
Peat soils 

Actinomyces, 969, 974 
Podzol (Russian) 

Polyangium, 1029 
Potato fields 
Actinomyces, 971 
Roadside 
Bacillus, 671 
Sand 

Bacillus, 658 
Bacterium, 685 
Sarcina, 286 
—, beach 

Pseudomonas, 697, 698, 7(K) 

*Vibrio, 702, 703 
—, foraminiferous 
Saprospira, 1054, 1055 
—, sea 

Acetobacter, 692 
Bacterium, 627, 632 
Sandy loam 
Streptomyces, 936 
Shore soils 

Chitin digesting bacteria, 632 
Sour soils 

Actinomyces, 971, 973 
Subsoil 

Streptomyces, 953 
Swamp 

Bacillus, 662, 750 
Flavohacterium, 438 
Uncultivated 

Saccharobacterium, 623, 624 
Upland soils 

Streptomyces, 936, 946, 948, 951, 962 
Vegetable mold 

Hydrogenomonas, 78 



INDEX OF SOURCES AND HABITATS 


1369 


Soils (continued) 

Virgin 

CladothriXf 983 
Volcanic (Martinique) 

Actinomycesy 969 

Walls, cellar and mine, see Mineral 
Sources 

Soils, Geographic Distribution of 
Antartic, 72 
Argentina, 807 

Australia, 71, 897, 902,903,905,906,913 
Australia, garden soil, 397 
Australia, grass land, 393, 394, 397, 
403 

Australia, red soil, 397, 398 
Austria, 77, 738 
Brazil, 71 

California, 176, 397, 614, 615, 619. 620, 
621, 743, 746, 761, 936, 938, 943, 945, 
948, 951, 952, 954 
Connecticut, 622, 623 
Cuba, 737,738,739,741,748, 753,757 
Denmark, 947 

District of Columbia, 622, 749 
Ecuador, 71 

Egypt, 713, 737, 744, 757 
England, 97, 741, 742 
Europe, 713, 750 
Florida, 762 

France, 70, 71, 72, 73, 897 
Georgia, 623 

Germany, 210, 211, 603, 732, 736, 737, 
738, 739, 742, 745, 747, 748, 749, 752, 
753 , 755, 756, 757, 758 
Great Britain, 898, 899, 903 , 904, 906, 
913 

Hawaii, 938 
Holland, 746,905 
India, 221 

Italy, 70, 698, 739, 753, 757, 758, 803, 
807 

Japan,72 
Java,72 
Jugoslavia, 742 
Kentucky, 623 
Louisiana, 174, 617, 618, 619 
Maine, 617, 623 
Martinique, 969 
Maryland, 737 
Missouri, 174 
Montenegro, 744 


New Hampshire, 619 
New Jersey, 642, 945 
New York, 622, 623, 750 
North Carolina, 742, 762 
Palestine, 757 

Poland, 1018, 1019, 1023, 1027, 1030, 
1031, 1034, 1035, 1037, 1042, 1043 
1044, 1045 

Russia, 70, 658, 1028, 1029, 1030 
Sahara Desert, 337, 341, 819, 820, 821 
South Carolina, 622, 623 
Switzerland, 70 
Tunisia, 72 

United States, 210, 211, 807 
Utah, 92, 615, 617, 618, 741 
Virginia, 174, 179, 614 
Wisconsin, 619 

Spring Waters 
At Spalato 

Chromobacteriumy 233 
At Vranje 
Bacillus y 732 
Containing iron 
Bacillus y 732 
Gallionellay 831, 832 
Naumanniellay 834 
Hot springs 
Bacillusy 760 
Bacterium y 681 
ChlamydothriXy 986 
Micrococcus y 262, 279 
SpirochaetOy 1053 
Streptococcusy 341 
ThiobacilluSy 81 
Tkiosphaeriofiy 859 
Hot sulfur springs 
Bacillus^ 656 
MicrobacilluSy 690 
Micrococcusy 253 
Sulfur springs 

Amoehobaxtery 849, 850 
Bacillus y 732 
Chlorobiumy 870 
ClathrochloriSy 872 
LamprocystiSy 848 
IjCptothriXy 995 
Pelodictyony 871, 872 
RhabdomonaSy 854, 855 
Rhodothecey 856 
Thiocapsay 845 
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Spring Waters (continued) 

Sulfur springs (continued) 
Thiocyatia, 847 
Thiodictyony 846 
Thiopediay 843 
Thiopolycoccuay 850 
Thioaardnay 843 
Thiospirill um , 851, 852 
Thiothecey 846 
ThiothriXy 989, 990 
Warm springs 
Bacilluay 756 

Sugar 
Candy 
Bacillus y 756 
Factory 

Bacilluay 744 
Micrococcus y 260 
Molasses 
Clostridiumy 781 
Lactobacillus y 359 
Refineries 
Lampropediay 844 
Leuconostocy 347, 348 
Nevakiay 830 
Refining vats, scum 
Clostridiumy 808 
Solutions 
Clostridiumy 824 

Sugar (sucrose) solutions, slimy 
Bacillus, 742, 745, 747 
Clostridiumy 762 
Leuconostocy 347, 348 
MyxobacilluSy 762 
Streptobacteriumy 702 
Syrup 

Nevskia, 830 
Wastes 

Clostridiumy 762 

Swamps 
Aerobacter, 692 
Bacteriuiriy 676, 685, 686 
Saccharobacteriumy 623, 624 

Swamp Soils, see Soils, Swamp 
Swamp Waters, see Waters, Swamp 
Swine, see Hogs 
Tannery Wastes 
Acid dyeing liquor 
Bacterium, 677 


Tap Water 

Bacillus, 484 , 647, 648 , 649, 650, 651, 
652, 656, 657, 666, 668, 669, 671, 672, 
723, 738, 740, 742, 744, 747, 748, 749, 
751, 752, 754, 756, 758 
Bacterium, 457, 605, 613 
Hyphomicrobium y 837 
Leptospira, 1077 

Micrococc'uSy 255, 256, 257 , 258, 262, 
274 , 276, 277 
Frotaminobacier, 190 
Pseudomonas, 102, 698 
Sarcina, 290, 291 
Serratia, 481 
TerminosporuSy 823 
Vibrio, 203 

Tap Water, Place Obtained 
Berlin, 1077 

Chemnitz, 102, 256, 257 , 258, 262, 274, 
277, 290, 291, 484 , 648, 649, 650, 651, 
652 , 656, 657, 666, 668, 669, 671, 672, 
740, 742, 747 , 748, 749, 751, 752, 754, 
758 

Kiel, 698 

I^awrence, Mass., 723 
Lcitmcritz, 255, 256, 262, 276, 277, 457, 
647, 657, 738, 740, 744, 752, 754 
Ohio, 756 
Minneapolis, 823 
Plymouth, England, 481 
Rome, 613 
Rotterdam, 202 

Urine 

Micrococcus, 238, 247, 260, 266, 267, 
269, 279, 280 
Pediococcus, 250 

Vegetable Sources, see Plant Sources 

Viruses, Animal Hosts of 
Agouti, 1265 
Arias boscasy 1253 
Anas platyrhyncha, 1251, 1253 
Anatidae, 1251,1253 
Anser anser, 1251, 1253 
Anser cinereus, 1253 
Antelope, 1276 
Apidae, 1227 
Apis mellifera, 1227 
Apodemus sylvaticus, 1267 



INDEX OF SOURCES AND HABITATS 


1371 


Viruses, Animal Hosts of {continued) 
Artiheus planirostrisy 1263 
Aayndeemus leuna^ 1252 
Bat, fruit-eating, 1263 
Bat, vampire, 1263 
Bee, honey, 1227 
Birds, 1249 
Bison, 1239 
Blackbird, 1253 
Bob-white, 1253 
Bombycidae, 1226 
Bombyx mori, 1226, 1227 
Bos taurusj 1239,1241, 1242,1251,1253, 
1267, 1272, 1276, 1278 
Bovidae. 1238, 1239, 1241, 1212, 1248. 

1251, 1253, 1267, 1272, 1276, 1278 
Bubo virginianuSy 1252, 1253 
Buffalo, 1276 
Bunting, 1229 
Bushbuck, 1276 
Buieo vulgarisy 1263 
Cabbage worm, 1227 
Calf, 1253 
Camel, 1276 

Canary,1229,1279, 1280 
Canidae. 1241, 1242, 1251, 1253, 1263, 
1272, 1273, 1277 

Canis familiar is y 1241, 1242, 1251, 1253, 
1263, 1272, 1277 
Capra hircuSy 1251, 1253, 1267 
Caracal lynx, 1271 

Cat, 1235, 1236, 1255, 1262, 1263, 
1271, 1279, 1284 
Cat, black-footed, 1263 
Cat, marbled, 1271 
C^at, wild, 1263 

Cattle, also see Cow, 1234, 1236, 1239, 
1240,1242,1249,1263,1272,1276, 1278 
Cavia porcellusy 1237, 1277, 1285 
Caviidae, 1237,1277,1285 
Cebidae, 1235 
Cebm chrysopuSy 1267 
Cebus fatuelluSy 1267 
Cebus olivaceuSy 1235 
Cercocebus fnliginosusy 1235, 1267 
Cercocebm iorquaiuSy 1265 
Cercopithecidae, 1234, 1235, 1237,1259, 
1284 

Cercopithecus ' aethiopSy 1257, 1265, 

1266 


Cercopithecus callitrichus, 1267 
Cercopithecus tantalus, 1266 
Charadriidae, 1253 

Chicken, 1229, 1231, 1236, 1242, 1252, 
1253, 1262, 1263, 1265, 1274, 1279, 

1280,1283 

Chicken embryo, 1229, 1231, 1234, 

1235, 1236, 1238, 1239, 1240, 1245, 

1248, 1252, 1253, 1259, 1260, 1263, 

1267, 1268, 1270, 1271, 1274, 1277, 

1279,1280 
Chimpanzee, 1271 
Chrysemys marginatOy 1231 
Ctconia ciconioy 1253, 1263 
Circus rufus, 1253 
Citellus richardsoniiy 1253 
Colaptes cafery 1252, 1253 
Cdumba liviay 1251, 1253 
Columbidae, 1251,1253 
Cx>tton rat, 1253, 1257 
Cow, also see Cattle, 1231, 1239, 1241, 
1248, 1250, 1251, 1253. 1256, 1267 
Cowbird, 1253 
Coyote, 1273 
Cricetidae, 1253, 1285 
Cricetulm furuncxduSy 1249 
Cricetulus griseus, 1285 
Cricetus auratuSy 1267 
Cynalopex chamOy 1263 
Cymciis penicillatay 1263 
Dasyprccta agutiy 1265 
Deer, 1256, 1276 
Desmodm rufusy 1263 
Diardigallu^ diardiy 1263 
Dipodomys heermunuiy 1253 
Dog, 1235, 1236, 1241. 1242, 1251, 
1253, 1255, 1259, 1263, 1272, 1273, 
1277 

Donkey, 1277, 1282 
Dormouse, 1267 
Dove, western mourning, 1251 
Duck, 1229, 1236, 1242, 1251, 1253, 
1279 

Duck embryo, 1245, 1253 
Duck, nmllard, 1251, 1253 
Duck, Pekin, 1251, 1253 
Duiker, 1276 
Eland, 1276 

Equidae, 1251, 1253, 1277, 1278, 1282 
Equus asinuSy 1277, 1282 
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Viruses, Animal Hosts of {continued) 
Equus asinm X E. cahallm, also ser 
Mule, 1282 

Equus cahallus^ 1251, 1253, 1277, 1278, 
1282 

Ennacens cut opaeuSj 1265 

Eryihroc'cb}is pataSy 1267 

Eutamuis asiaticmy 1219 

Erotoini/fi I'ufocaniiSy 1249 

Falco sparvcrinsy 1251, 1253 

Falconidae, 1251, 1253 

Felidae, 1263, 1279, 1284 

Fells auiatUy 1271 

Fells caiacaL 1271 

Fells catusy 1263, 1271, 1279, 128*1 

Felis marmnatay 1271 

Felis neqnpeSy 1263 

Felis ocreata, 1263 

Felis pardalis, 1271 

Fells patdus. 1271 

Fehs planicepSy 1271 

Felis tKjnna, 1271 

Ferret, 1259, 1262, 1267, 1268, 1270, 
1272, 1273, 1279 
Flicker, red-shafteii, 1252, 1253 
Fox, 1272 
Fox, silver, 1273 

Gallus gallusy 1234, 1238, 1242, 1252, 
1253, 1262, 1265, 1274, 1280, 1283 
Genet cat, 1263 
Genetia felinay 1263 
Geosciurus capensiSy 1263 
Gerbille, 1277 

Goat, 1232, 1239, 1249 1253, 1267, 

1276 

Goat, Angora, 1277 

Goose, 1220, 1235, 1251, 1253, 1263, 
1279 

Goose embryo, 1253 
Gopher, 1253 
Ground squirrel, 1263 
Ground squirrel, Richardson’s, 1253 
Guenon, African, 1265 
Guinea-fowl, 1229 
Guinea-fowl embryo, 1253 
Guinea pig, 1231, 1235^ 1236, 1237, 
1238, !1239, 1240, 1253, 1254, - 1256, 
1257,1259, 1260,1268,1277,1285 
Gypsy moth, 1226 
Hamster, Chinese, 1285 


Hamster, golden, 1267 
Ilainstei, Syrian, 1259, 1278 
liapale jacchuSy 1267 
Ha pale pcnicillatay 1267 
Hare, snowshoe, 1244 
Hauk, 1229, 1253 
Hawk, mouse, 1263 
Hawk, sparrow, 1251,1253 
Hedgehog, 1235, 1265, 1268, 1279 
Hedgehog, Kuiopean, 1255 


Hominidae, 

1233, 

1234, 

1235, 

1237, 

1241, 

1248, 

1250, 

1261, 

1253, 

1257, 

1259, 

1260, 

1262, 

1263, 

1265, 

1267, 

1268, 

1270, 

1280, 

1282, 1284 


Homo } 

iapiens , 1233, 1234, 

1235, 

1237, 

1241, 

1218, 

1250. 

, 1251. 

1253, 

1257, 

1259, 

1260, 

1262, 

1263, 

1265, 

1267, 

12(>8, 

1270, 

1280, 1282, 1284 


Horse, 

1231, 

1232, 

1236, 

1210, 

1248, 

1249, 

12,50, 

1251, 

1253, 

1254, 

1255, 

1256, 

1263, 

1277, 

1278, 1282 



letanyx oranyiaCy 1263 
Jackal, silver, 1263 
Junco, 1253 
Junco oreganuSy 1253 
Kangaroo rat, 1253 
Killdeer, 1253 
Koedoe, 1276 
Leopaid, 1271 

Leporidae, 1237, 1243, 1244, 1245, 

1251 

Lepus amencanuSy 1243 
Lepus brasiliensiSy 1245 
Lepus californicnsy 1241, 1251 
Lion, 1271 

Lophortyx califonuruy 1252, 1253 
Lymantna monachay 1226 

Lyman triidae, 1226 

Macaca iruSy 1231, 1240, 1257, 1259, 
1267, 1268 

Macaca inordaXy 1257 
Macaca mulattay 1231, 1234, 1236,* 

1237, 1240, 1256, 1257, 1259, 1262, 
1265, 1266, 1267, 1284 
Macacus cynwnolguSy 1235, 1265 
Macacus f meatusy 1231 
Macacus yhesuSy 1248, 1249, 1250, 

1252 

Macacm sintcusy 1265 
Macacm apeciosus, 1265 
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Viruses, Animal Hosts of (continued) 
Macaque, crab-eating, 1259 
Man, 1231, 1232, 1233, 1234, 1235, 
1237, 1241, 1248, 1249, 1250, 1251, 
1253, 1255, 1257, 1259, 1260, 1262, 
1263, 1265, 1267, 1268, 1270, 1271, 
1278, 1280, 1282, 1284 
Mangabey, collared, 1265 
Marmota monaXj 1253 
Mastomys concha^ 1277 
Meercat, common, 1263 
Meercat, yellow, 1263 
Meleagridae, 1251, 1253 
Meleagris gallopavo, 1251, 1253 
Microtm agrestis, 1265, 1267 
Microtus californicuSt 125il 
Microtm michnoi, 1249 
Microtm montanm, 1253 
Microtm mordax^ 1253 
Microtm penmylvanicus ^ 1253 
Mink, Chinese, 1268 
Molothrus ater, 1253 
Mongoose, small gray, 1263 
Mongoose, yellow, 1263 
Monkey, 1234, 1253 
Monkey, cynomolgus, 1231. J240, 1257 
Monkey, green African, 1257 
Monkey, mona, 1257 
Monkey, rhesus, 1231, 1234, 1236, 

1237, 1240, 1250, 1251, 1256, 1257, 

1259, 1260, 1262, 1265, 1279, 1281 
Mouse, 1234, 1248, 1250, 1251, 1256. 

1257, 1260, 1262, 1265, 1267, 1268, 

1270, 1272, 1277, 1279, 1280, 1286 
Mouse, field, 1253 
Mouse, gray, 1259 
Mouse, gray field, 1236 
Mouse, luultimaminatc, 1277 
Mouse, white, 1235, 1236 1238, 1240, 
1249,1252,1253,1259,1261,1263 
Mouse, white footed, 1253, 1263 
Mouse, wild, 1253 
Mouse, wood, 1267 
Mule, 1253, 1277, 1282 
Muridae, 1238, 1251, 1253, 1259, 1261, 
1272, 1277, 1286 

Mm mmculmy 1238, 1259, 1261, 1263, 
1265, 1272, 1286 

Mmcardinm avellanarimy 1267 
Muscicapidae, 1252, 1253 


Mmtela frenata, 1253 

Mmtela furo, 1273 

Mustela Mirica, 1268 

Mustelidae, 1253, 1263, 1272, 1273 

Myonax pulverulentm, 1263 

Neotoma fmcipes, 1253 

Nun moth, 1226 

Ocelot, 1271 

Orang outang, 1231 

Oryctolagus cuniculm, 1237, 1243, 

1244, 1245 

Ovis aries 1238, 1248, 1251, 1253, 
1267, 1278 
Owl, 1263 

Owl, great horned, 1252, 1253 
Owl, western burrowing, 1253 
Oxyechus vociferm, 1253 
Partridge, 1229 
Passer domesticus, 1253 
Peromysem maniciMatm, 1253 
Peromyscus pohonotm^ 1263 
Phasianidae, 1234, 1238, 1242, 1252, 
1253,1262,1274, 1280 
Phasianus colchicuSy 1253 
Pheasant, 1229, 1242, 1263, 1274 
Pheasant-r hie ken, Fi hybrid, 1274 
Pheasant embryo, 1253 
Pheasant, ring necked, 1253 
Phyllostorna s^iperciliatum, 1263 
Picidae, 1252. 1253 
Pieridae, 1227 
Pier IS brassicaCy 1227 
Pig, also see Swine, 1231, 1239, 1248, 
1252, 1253, 1255, 1263 
Pigeon, 1‘229, 1235, 1251, 1252, 1253, 
125.5, 1263, 1279, 1280 
Pigeon embryo, 1253 
Polecat, 1263 
Portheria dispar, 1226 
Prairie chicken, 1253 
Puma, 1271 
Quail, 1229, 1253 
Quail, California, 1252, 1253 
Rabbit, 1231, 1232, 1234, 1235, 1236, 
1237, 1238, 1239, 1240, 1243, 1244, 

1245, 1247, 1253, 1256, 1268, 1279 
Rabbit, biush, 1253 

Rabbit, cotton-tail, 1244, 1245, 1247, 
1251, 1253 

Rabbit, jack, 1244, 1245, 1251 
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Viruses, Animal Hosts of {continued) 
Rat, 1238, 1239, 1248, 1256, 1267, 
1268, 1277,1279, 1286 
Hat, black, 1253 
Rat, brown, 1236, 1251 
Rat, white, 1236, 1253, 1257, 1259, 
1262, 1277 

Hatias norvcyicuSf 1238, 1251, 1277 
Rattus rattua, 1253 
Reindeer, 1239 

Reithrodoritonujs meyaIntuH, 1253 
Itobin, 1252, 1253 
Robin embryo, 1253 
Sciuridae, 1263 

Sciurotaniiue davidtauus^ 12fi8 
Sciurus carolinensiSy 1267 
Sciurus vulyariSj 1265 
Sheep, 1232, 1234, 1236, 12;i8, 1239, 
1248, 1249, 1250, 1251, 1253, 1255, 
1256, 1263, 1267, 1276, 1278 
Sigmodon hispidus^ 1253, 1257 
Silkworm, 1226, 1227 
Sparrow embryo, 1253 
Sparrow, fmglish, 122t), 1253 
Sparrow, Ganibers, 1253 
Speotylo cunicvlaria, 1253 
Squirrel, David's, 1268 
Squirrel, gray, 1267 
Squirrel, red, 1265 
Stork, 1263 
Stork, white, 1253 
Strigidae, 1252, 1253 
Suidae, 1252, 1253, 1262, 1268, 1275, 
1282 

Sur'icata suricaUi, 1263 
Suricate, (’ape, 1263 
Sus scrofay 1233, 1252, 1253, 1262, 
1268, 1275, 1282 

Swine, also see Pig, 1232, 1233, 1234, 
1236, 1240, 1262, 1268, 1275, 1276, 
1282 

Sylvilagus auduboniiy 1253 
Sylvilagus bachmaniy 1253 
Sylvilagus nuttalliy 1251 
Sylvilagus sp., 1244, 1245, 1247 
Tatera lobenguluy 1277 
Tetraonidae, 1253 
Thrasher, 1253 
Tiger, 1271 

Tiger cat, African, 1271 


Tiger cat, American, 1271 
Tiger cat, rusty, 1271 
Toxostoma leconteiy 1253 
Tuidus tnenda, 1253 
Turdus viigraioriuSy 1252, 1253 
Turkey, 1229, 1251, 1253, 1279 
Turkey embryo, 1253, 1274 
Turtle, 1231 

Tympanuchus cupidOy 1253 
Vivreridae, 1263 
Vole, field, 1253, 1265, 1267 
Vulpes sp.y 1272, 1273 
Vuliur fulvusy 1253 
Vulture, tawny, 1253 
Warthog, 1275 
Weasel, 1253 
Wolf, 1263 
Woodchuck, 1253 
Woodpecker, Lewis, 1252 
Wood rat, 1253 
Zebra, 1277 
Zebu cattle, 1276 
Zenaidura macrouray 1251 
Zonoirichia leucophrySy 1253 

Viruses, Bacterial Hosts of 

Agrobacieriurn tumefacienSy 1134 
Bacillus megatheriuniy 1138 
Bacillus mycoidesy 1138 
Bacterium stewartiy 1136 
Corynehacteriurn diphtheriaCy 1143, 
1144 

Eneinia aroideae, 1136 
Erwinia carotovorUy 1135 
Escherichia coliy 1131, 1132, 1133, 

1134 

Pseudomonas solanacearumy 1135 
Rhizobiwn leguminosarumy 1138 
Salmonella niteritidiSy 1136, 1137 
Salmonella gallinarum, 1136, 1137 
Salmo7iella lyphosa, 1137 
Shigella dysenleriaCy 1131, 1132, 1133, 
1134, 1136, 1137 

Staphylococcus albusy 1140,1141,1142 
Staphylococcus aureusy 1140, 1141 
Staphylococcus muscaCy 1142 
Streptococcus cremotiSy 1138, 1139 
Streptococcus mucosusy 1139 
Streptococcus sp.y 1139, 1140 
Vibrio comma, 1142, 1143 
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Viruses, Bacterial Hosts of {continued) 

Xanthomonas citric 1135 
Xanihomonaz pruni, 1135 

Viruses, Plant Hosts of 

Abacd, 1193 

Ahutilon sp., 1186 

Ageratum conyzoideSy 1218 

Agropyron repens, 1162, 1202 

Alfalfa, 1161, 1153, 1181, 1191 

Allium cepa, 1184 

Almond, 1152, 1196 

Alopecurus fulvus, 1160 

Althaea fid folia, 1186 

Althaea officinalis, 1186 

Althaea rosea, 1186, 1218 

Amaranthaceae, 1204, 1214 

AmaranthiLS retroflezus, 1204, 1214 

Amygdalus persica, 1197 

Ananas comosiLS, 1223 

Anemone nemorosa, 1158 

Anemone ranunculoides, 1158 

Anemone trifolia, 1158 

Anethum graveolens, 1176 

Anoda haetata, 1186 

Anthriscus cerefclium, 1176 

Antirrhinum majus, 1191 

Apium graveolens, 1147,1176,1199,1200 

Apocynaceae, 1149, 1150, 1152 

Apple, 1194 

Apricot, 1152, 1196 

Arachis hypogaea, 1187 

Armoracia rusticana, 1177 

Asclepiadaceae, 1173 

Asclepias syriaca, 1173 

Aster, 1168 

Atriplex hortensis, 1204 
A triplex sibirica, 1204 
Atropa belladonna, 1175 
Avena byzantina, 1161 
Avena fatua, 1161 

Avena saliva, 1160, 1161, 1162, 1192 
Barbarea vulgaris, 1155 
Barley, 1161, 1162, 1192 
Bean, 1168, 1169, 1179, 1180, 1181, 
1189, 1190, 1191, 1216, 1219 
Bean tree, 1187 
Beet, 1178, 1221 
Berteroa incana, 1177 
Beta dcla, 1204 
Beta maritima, 1204 


Beta vulgaris, 1149, 1177 , 1178 , 1199, 
1204,1216,1219, 1221 
Bittersweet, 1175, 1204, 1214 
Black-eyed Susan, 1155 
BrcLchiaria platyphylla, 1183 
Brassica adpressa, 1176, 1200 
Brassica alba, 1176, 1177, 1200 
Brassica arvensis, 1176, 1177, 1200 
Brassica campestris, 1176 
Brassica chinensis, 1177 
Brassica incana, 1199 
Brassica juncea, 1176, 1177, 1200 
Brassica napcl)rassica, 1177, 1221 
Brassica napus, 1176, 1177, 1221 
Brassica nigra, 1176, 1177, 1200 
Brassica oleracea, 1176, 1177, 1200 
Brassica pe-tsai, 1176, 1200 
Brassica rapa, 1176, 1177, 1200 
Broad bean, 1179, 1180, 1187 
Broccoli, 1176 
Brome-grass, awnless, 1192 
Bromeliaceae, 1228 
Bromus inermis, 1162, 1192 
Brussels sprouts, 1176 
Buckwheat, 1146, 1199 
Cabbage,1176,1177 
Calendula, 1150 
Calendula officinalis, 1150, 1177 
Callistephus chinensis, 1146 
Candytuft, rocket, 1176 
Cantaloupe, 1199, 1200 
Capsella bursa-pastoris, 1176, 1177, 
1200 

Capsicum frutescens, 1164, 1171, 1175, 
1181, 1214 
Caraway, 1176 

Cardamine heierophylla, 1177 
Carrot, 1146, 1176 
Car urn carvi, 1176 
Caryophyllaceae, 1191 
Cauliflower, 1176 
Celastraceae, 1187 
Ccloriac, 1176 

Celery, 1147, 1173, 1174, 1176, 1199, 
1200 

Chaetochloa lutescens, 1183 
Chaeiochloa magna, 1183 
Chaetochloa verticillata, 1183 
Charlock, 1176 
Charlock, white, 1176 



1376 


INDEX OF SOURCES AND HABITATS 


Viruses, Plant Hosts of {continued) 
Cheiranthus allionii, 1177 
Chetranthus cheiri, 1177 
Chenopodiaceae, 1149, 1177, 1178, 
1191, 1199, 1200, 1204, 1216, 1219, 
1221 

Chenopodium album^ 1199, 1200, 1204 
Chenopodium muralCy 1199,1200,1220 
Cherry, 1152, 1196, 1197, 1198 
Cherry, flowering, 1197, 1210 
Cherry, Mahaleb, 1197 
Cherry, Mazzard, 1197, 1210 
Cherry, sand, 1152 
Cherry, wild, 1197 
Chinese cabbage, 1177 
Chokecherry, 1152 
Chrysanthemum leucanthemiwij 1155 
Chrysanthemum morifolium ^ 1214 
Cicer arietinumf 1180 
Citrullus vulgaris t 1167 
Citrus auraniiumf 1202 
Citrus limoniay 1210 
Citrus maxima^ 1210 
Citrus sinenstSf 1210 
Clover, alsike, 1180, 1187, 1190 
Clover, cluster, 1180, 1190 
Clover, oriniaon, 1156, 1157, 1180, 

1181, 1187 

Clover, nodding, lliK) 

Clover, Persian, 1180 
Clover, red, 1155, 1179, 1187, 1190 
Clover, spotted bur, 1180 
Clover, strawberry, 1190 
Clover, toothed bur, 1180 
Clover, white, 1188, 1189, 1190, 1191 
Commelina sp , 1174 
Compositae. 1147, 1150, 1155, 1168, 
1169, 1174, 1177, 1178, 1179, 1181, 
1212, 1214, 1218, 1223 
Convolvulaceae, 1149, 1198 
Coriander, 1176 
Coriandrum sativum, 1176 
Corn, 1158, 1159, 1160, 1161, 1162, 
1183 

Coronopus didymus, 1177 
Cotoneaster harroviana, 1194 
Cotton, 1218 

Cowpea, 1169, 1173, 1174, 1188, 1189 

Cranberry, 1150 

Cress, common winter, 1155 


Cress, garden, 1176 
Crotalaria reiusa, 1190 
Crotalaria spectabilis, 1190 
Crotalaria striata, 1190 
Cruciferac, 1155, 1176, 1177, 1199, 
1200 1221 

Cucumber, 1167, 1168, 1173, 1181, 
1190, 1200, 1216 
Cucumber, wild, 1173 
. Cucumis anguria, 1167 
Cucumis melo, 1167, 1173, 1190, 1199, 
1200 

Cucumis saiivus, 1167, 1173, 1181, 
1190, 1191, 1200, 1212, 1216 
Cucurbitaceae, 1167, 1181, 1190, 1191 
1199, 1200, 1212, 1216, 1219 
Cucurbita pepo, 1173, 1190, 1200 
Curcurbila sp., 1219 
Cuscuta califormca, 1198 
Cuscuta campestris, 1199 
Cuscuta subinclusa, 1199 
Cytisus hirsutus, 1187 
Dahlia, 1179 
Dahlia imperialis, 1179 
Dahlia maxonh, 1179 
Dahlia pinnaia, 1179 
Datura stramonium, 1147, 1169, 1171, 
U74, 1175, 1200, 1204, 1214, 1216 
Daucus car Ota, 1176 
Delphinium sp., 1177, 1200, 1216 
Desmodium canadense, 1180 
Digitaria horizmitnlis, 1159 
Dodder, also see Dodder as vector, 
1198 

Dodonaea viscosa, 1149 
Echinochloa crusgalli, 1160, 1162 

1183 

Echinocystis lobata, 1173 
Eggplant, 1147 
Eleusine indica, 1159 
Elm, American, 1154 
Endive, 1146 
Ericaceae, 1150 
Eriobotrya japonica, 1194 
Eulalia, 1183 

Euonymus japonica, 1187 
Euonymus radicans, 1187 
Euphorbiaceae, 1219 
Fagopyrum esculentum, 1199 
Ficus sp,, 1201, 1202 



INDEX OF SOURCES AND HABITATS 


1377 


Viruses, Plant Hosts of (continued) 
Fragaria species and hybrids, 1195, 
1207, 1208 

Galega officinalis^ 1190 
Galtonia candicans, 1184 
Geraniaceae, 1168, 1199 
Geranium, 1199 
Gherkin, 1167 

Glycine soja^ also see Sojn max, 1190 
Goat’s rue, 1190 

Gossypiufti hirsutum, 1216, 1218 
Gossypium per avian inn, 1218 
Gossypium vitifolium, 1218 
Gramineae, 1157, 1158, 1159, 1160, 
1161, 1162, 1183, 1192, 1208 
Grape, 1153, 1198 
Grapefruit, 1210 
Grass pea, 1180 
Goundsel, 1178 
Henbane, 1171, 1175. 1214 
Hesperis matronalis, 1177 
Hibiscus sp.j 1218 
Holcus sorghum, 1183 
Holcus sudanensis, 1183 
Hollyhock, 1218 
Holodiscus discolor, 1207 
Honesty, 1176 
Hop, European, 1151 
Hordeurn vulgare, 1161, 1162, 1192 
Horse-radish, 1177 
Humulus lupulus, 1151 
Hyacinth, 1184 
Hyacinthus orientalis, 1184 
Hyoscyamus niger, 1171,1175,1214 
Iberis amara, 1176 
Indian tobacco, 1154 
Iridaceae, 1183 
Iris, 1183 

Iris, bearded, 1183 
Iris, bulbous, 1183 
Iris filifolia, 1183 
Iris ricardi, 1183 
Iris tingiiana, 1183 
Iris unguicularis, 1183 
Iris xiphium, 1183 

Jimson weed, 1171, 1174, 1175, 12(X), 
1204, 1214 
Kale, 1176 

Kitaibelia vitifolia, 1186 
Knotweed, 1199 


Labiatae, 1173 

Laburnum anagyrotdes, 1187 
Laburnum vulgare, 1187 
Lachenaha sp., 1184 
Lactuca saliva, 1178, 1223 
Lamb’s quarters, 1199, 1204 
I-arkspur, 1200 

Lathyrus odoratus, 1178, 1179, 1180, 
1187, 1189, 1190, 1191 
Lathyrus salivas, 1180 
Lavaiera arborea, 1186 
Leguminosae, 1150, 1151, 1153, 1155, 
1150, 1157, 1168, 1169, 1178, 1179, 
1180, 1181, 1187, 1188, 1189, 1190, 
1191, 1212, 1216, 1219, 1223 
Lemon, 1210 

Lens esculenla, 1189, 1191 
Lepidium ruder ale, 1177 
Lepidium sativum, 1176, 1177 
Lepidium viiginicum, 1177 
Lespedeza striata, 1179 
Lettuce, 1146, 1178, 1223 
Ligustrum vulgare, 1187 
Liliaceae, 1182, 1184, 1211 
lAlium amabile, 1182 
Lilium auratum, 1182 
lAlium canadense, 1182 
TAlivm candidum, 1182 
Lilium ccrnnurn, 1182 
Lilium chalcedonicum, 1182 
Lilt urn croceum, 1182 
Lilium davmotliae, 1182 
Lilium eleqans, 1182 
Lilium formosanum, 1182 
Lihum giganteurn, 1182 
JAlium henryi, 1182 
Lilium leucanthum, 1182 
Lilium longijlorum, 1182, 1211 
I A li u rn m yri ophyllum, 1182 
Lilium pumilum, 1182 
Lilium regale, 1182 
Lilium sargentiae, 1182 
Lilium speciosum, 1182 
Lilium superbum, 1182 
Lilium teslaceum, 1182 
lAlium iigrinum, 1182 
Lilium umbellatum, 1182 
Lilium wallacei, 1182 
Lily, 1174 
Lily, Easter, 12U 
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Lima bean, 1174, 1188 
Locust, black, 1150 
Loganberr\, 1206 
Loquat, 1194 
Lotus hispidus, 1190 
Lucerne, 1161, 1153, 1181, 1191 
Lunaria annua, 1176 
Lupine, blue, 1180, 1190 
Lupine, white, 1180 
Lupine, yellow, 1190 
Lupinus albuSf 1180,1189,1190,1191 
Lupinus angustifolius^ 1180, 1190 
Lupinus densifioruSs 1180 
Lupinus hartwegiiy 1180 
Lupinus hirsutus, 1191 
Lupinus luteus, 1190 
Lupinus mutahiliSf 1190 
Lupinus nanus i 1180 
Lycium barbarum, 1172 
Lycopersicon esculentum^ 1147, 1149. 
1150, 1152, 1164, 1168, 1169, 1171, 
1175, 1181, 1199, 1200, 1204, 1214, 
1219, 1223 

Lycopersicon pimpinellifolium, 1177 

Maize, 1158,1159,1160,1161, 1162,1183 

Malcomia bicornis, 1200 

Malcomia maritimaj 1200 

Malva borealis^ 1186 

Malvaceae, 1186, 1216, 1218 

Malva crispUf 1186 

Malva mauritiana, 1186 

Malva sylveHriSf 1186 

Malva verticillaia^ 1186 

Malvesirum capense^ 1186 

Manihot sp., 1219 

Manila hemp plant, 1193 

Marrow, 1190 

Matthiola incana, 1176, 1177 
Medicago arabica, 1180 
Medicago hispida^ 1180 
Medicago lupulinay 1189, 1191 
Medicago sativOy 1161, U53, 1181, 
1190, 1191 

Mehlotus albay 1180, 1188, 1189, 1190, 
1191 

Melilotus indicuy 1180 
Melilotus officinalis y 1180 
Melon, rock, 1190 
Millet, 1162 


Millet, pearl, 1183 
Miscanihus sinensisy 1183 
Modicla decumbens, 1186 
Moraceae, 1151, 1201 
Mung bean, 1189 
Musaceae, 1193 
Musa textilis, 1193 
Muskmelon, 1173 
Mustard, 1176, 1199 
Mustard, black, 1176, 1177 
Mustard, leaf, 1176 
Mustard, white, 1176, 1177 
Mustard, wild yellow, 1176 
Nasturtium officinahy 1177 
Nectarine, 1196 
Nepeta cataria, 1173 
Neslia panic ulatUy 1177 
New Zealand spinach, 1146 
Nicotiana alatOy 1216 
Nicotiana bigelovit, 1177 
Nicotiana glauca, 1154, 1167, 1199 
Nicotiana glutinosOy 1149, 1150, 1152, 
1154, 1166, 1168, 1169, 1177, 1200, 

1216 

Nicotiana langsdorffii, 1168, 1169, 

1177, 1201 

Nicotiana palmeri, 1199 
Nicotiana repanday 1177 
Nicotiana rusticoy 1149, 1154, 1155, 
1156, 1177, 1199, 1201, 1216 
Nicotiana sylvestrisy 1166, 1177 
Nicotiana tahacumy 1147, 1149, 1150, 

1154, 1164, 1168, 1169, 1171, 1172, 

1174, 1175, 1177, 1181, 1199, 1200, 

1201, 1212, 1213, 1214. 1216, 1218, 

1223 

Nicotiana trigonophyllay 1154 
Nightshade, black, 1147, 1214 
Oat, 1160, 1161, 1162, 1192 
Oat, wild, 1161 
Ocean spray, 1207 
Oleaceae, 1187 
Onion, 1184 
Orange, 1210 
Orange, sour, 1202 
Orniihogalum ihyrsoidesy 1184 
Oryza saliva, 1160, 1162 
Pachyrhizus erosuSy 1188 
Panicum dichotomiflorum, 1183 
Panicum miliaceumy 1160, 1162 
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Viruses, Plant Hosts of (continued) 
Parsley, 1176 
Parsnip, 1146 

Paapaliufi bosaanum, 1183 
Paesiflora alba, 1193 
Passifloraceae, 1193 
Passiflora coerulea, 1193 
Passiflora edulis, 1193 
Passidii fruit, 1193 

Pea, 1178, 1179, 1180, U88, 1189, 
1190, 1191, 1223 

Peach, 1148, 1152, 11.58, 1196, 1197, 
1207, 1208 
Peanut,1187 
Pear, 1211 

Pclargoniuyn fnnlointn 1168, 1199 
Penniselnm f/lnur.inn, 1183 
Popper, 1164, 1171, 117), 1175, 1 ISl 
1214 

Periwinkle, 1149, 1150, 1152 
Pell Oficlitium hoitense, 1170 
Pc-tsai, 1170 

Petunia, 1171, 1175, 1200 
Petunia up., 1171, 1175, 1177, 1200, 
1212, 1216 

Phaseolus arulifohui, 1179, 1180 
Pha.^ieolus aureus, 1179, 1189, 1191 
Phaseolus cnlcarntus, 1179 
Phaseolus lunatus, 1108, 117!), IISS 
Phaseolus vulgaris, llOS, 1109, 1179, 
1180,1181,1189,1190, 1191, 1210, 1210 
Phenoiuoiml berry, 1200 
Phoiinia arbiitifolia. 1191 
Physalis nlkckcngi, 1214 
Physolis heterophijlla, 1171, 1173 
Physalis subglahrata, 1173 
Phylolaua amoicana, 1199 
Phytolaccaceae, 1173, 1199 
Phytolacca dccanjira, 1173 
Pineapple, 1223 

Pisum sativum, 1178, 1179, 1180, 1I8S, 
1189, 1190, 1191, 1223 
Plantaginaceae, 1104, 1199 
Planiago lanccolala, 1104 
Plantago major, 1164, 1199 
Planiago rugelii, 1164 
Plantago sp., 1166 
Plantain, 1199 
Pluni, 1152, 1196, 1208 
Plum, Japanese, 1148, 1197 


Pluni, wild, 1152 
Poa pralensis, 1160 
Pokiwvoed, 1199 
Polygonaceae, 1199 
Polygonum pcnnsylvaaicnm, 1190 
Potato, 1149, 1150, 1155, 1150, 1172, 
1174, 1175, 1181, 1182, 1199, 1200 
1203, 1201, 1214, 1223 
Primulaceae, 1199, 1201 
Pnmula sp., 1201 
Privet, 1187 
Prune, 1196, 1208 
Pnatus americana, 1152 
Pi iinus armeiiiaca, 1152, 1196 
Ptunus (IV aw, 1190, 1197. 1108, 1210 
Piunus rerasus, 1152, 1197 
I*n(nu.s communis, 1152, 1106 
l^ninus (lomcstua. 1152, 1190, 

1208 

Primus cmaruinaia, 1197 
Piunus mnhaltb, 1197 
Pmuns pusna, HIS, 1152, 1158, 

1190, 1197 1207, 120S 
Ptunus pumila, 1152 
/^luuub sfilic.na, 1118, 1197 
Piunub seiriilala, 1197, 1198, 1210 
Piunus sp., 1118, 1207 
Primus vi> Himana, 1132 
Pijius cornu unis, 1211 
J*yrus mnlu.s, 1194 
Radicula palustris, 1177 
Tladish, 1176, 1200 

Ranunculaceae, 1158, 1177, 1200, 

1216 

Ranunculus asiaticus, 1216 
Rape, 1176, 1177, 1221 
Ilaphanns raphanistnmi, 1176 
Raphaniis sailvus, 1170, 1177, 1200 
Itiispberry, 1195, 1205 
Raspberry, black, 1195, 1206 
Rhamneae, 1149 
Ilibgrass, 1164 
Rice, 1160, 1162 
Robinia pseudoacacia, 1150 
Rosaceae, 1148, 1152, 1158, 1194, 

1195, 1196, 1197, 1198, 1205, 1206 
1207. 1208, 1211 

Rosa species and hybrids. 1194 
Rose, 1194 

Rub us idaeus, 1195, 1205 
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liubus loganobaccm^ 1206 
Rnbus occidcnialiis, 1195, 1206 
Rubus paroijioruSy 1194 
Rudbeckia hirta, 1155 
UuUxhaga, 1177, 1221 
Rutaceae, 1202, 1210 
Rye, 1160, 1161, 1162, 1102 
Saccharum narenga^ 1183 
Saccharum officinarum, 1157, 1158, 

1159, 1161, 1183, 1208 
Salad chervil, 1176 
Samolus flonbunduHy 1109 
Sandal. 1149, 1198 
Santalaceae, 1149, 1198 
Santalum alburn^ 1149, 119S 
Sapindaceae, 1119 
Scrophulaiiaceae, 1191, 1212, 1214 
Secale cereale, 1160, 1161, 1162, 1192 
Scnecio vulgansj 1178 
Sclaiia vindis, 1162 
Shepherd's purse, 1176 
Sidalcea Candida, 1186 
Si da mollis, 1186 
Sida napaea, 1186 
Sieva bean, 1168 
Sinapis alba, 1177 
Sincaiiias, 1188 

Sisymbrium altissimum, 1177 
Sisymh/ium officinale, 1177 
Soja max, also see GUfcinc soja, 1168, 
1180 

Solanaceae, 1147, 1119, 1150, 1152, 
1154, 1155, 1164, 1166, 1167, 1168, 
1169, 1171, 1172, 1173, 1174, 1175, 
1177, 1181, 1199, 1200, 1203, 1204, 

1212, 1213, 1214, 1216, 1218, 1219, 
1223 

Solanum dulcamata, 1175, 1204, 1214 

Solarium melongena, 1147 

Solanum nigrum, 1147, 1168, 1169, 

1171, 1175, 1214 

Solanum tuberosum, 1149, 1150, 1155, 

1172, 1174, 1175, 1181, 1199, 1200, 
1203, 1204, 1212, 1214, 1223 

Solarium villosurn, 1204 
Sonchus as per, 1178 
Sorbus pallescensj 1194 
Sorghuin, 1183 
Sowbane, 1199 


Sow thistle, prickly, 1178 
Soybean, 1168, 1180, 1190 
Speedwell, 1214 

Spinach, 1173, 1177, 1178, 1191, 1204 
Spinacia oleracea, 1177, 1178, 1191, 
1200, 1204 
Squash, 1219 

Squash, summer crookneck, 1200 
Stachytarpheta indica, 1150 
• Slellana media, 1191, 1220 
Stock, 1176, 1177 
Strawberry, 1195, 1207, 1208 
Sudan grass, 1183 
Sugar beet, 1149, 1199 
Sugar cane, 1157, 1158, 1159, 1160, 
1161, 1183, 1208 
Swede, 1177 

Sweet clover, annual yellow, 1180 
Sweet clover, white, 1180, 1188 
Sweet clover, yellow, 1180 
Sweet pea, 1178, 1179, 1180, 1187, 
1190 

Sweet iy)tato, 1202 
Syriedrella nodi flora, 1218 
Synthensma sanguinale, 1183 
Tepary bean, 1180 
Thlaspr arvensc, 1177 
Tobacco, 1147, 1149, 1150, 1154, 1164, 
1166, 1168, 1169, 1170, 1171, 1172. 

1173, 1174, 1175, 1177, 1181, 1200, 

1213, 1214, 1216, 1218, 1223 
Tomato, 1147 1149, 1150, 1152, 1164, 
1166, 1168, 1169, 1171, 1175, 1181, 

1199, 1200, 1204, 1214, 1219, 1223, 

1224 

Toyon, 1191 
Tree tobacco, 1167 
Trefoil, haresfoot, 1190 
Trifoliurn agrariuni, 1180 
Trijolium arvense, 1190 
Trifoliurn car oh man urn, 1180 
Trifolium cerrtuurn, 1190 
Trifoliurn dub turn, 1180 
Trifoliurn fragiferurn, 1190 
Trifoliurn glomeralum, 1180, 1190 
Tnfohurn^hybridum, 1180, 1187, 1189, 
1190, 1191 

Trifoliurn incarnaturn, 1166, 1157, 

1180, 1181, 1187, 1189, 1190, 1191 
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Viruses, Plant Hosts of {continued) 
Trtfohuvi pialejise, 1155, 1179, 1187, 

1189, 1190, 1191 
Tnfolium procumhensj 1180 
Trifolium rejlexum, 1180 
Tnfolium ripens, 1188, 1189, lUX), 

1191 

Trifolium suaceolcns, 1180 

Triticum sp., 1160, 1161, 1162, 1192 

Tropaeolum rnajns, 1224 

Tulip, garden, 1182 

Tulipa chmana, 1182 

Tulipa eichleri , 1182 

Tulipa yesnenanu, 1182 

Tuhpa greujt, 1182 

Tulipa linifoha, 1182 

Turnip, 1176, 1177 

Ulrnus amencann, 1154 

Umbelliferac, 1147. 1176, 1199, 12(X) 

Urticaceae, 1154 

Vaccinium macrocaipim, 1150 

Vaccinium oxycoccus^ 1150 

Vegetable marrow, 1173 

Verbenaceae, 1150 

Vonmna cinerta, 1218 

Vernonia iodocalyx, 1218 

Verontca sp , 1214 

Vetch, common, 1180 

Vetch, hairy, 1190 

Vetch, spring, 1170 

Vicia faba, 1179, 1180, 1187, 1189, 

1190, 1191 

r7(m sativa, 117^, 1180, 1189, 1191 
Vicia villosa, lllK) 

Viyna sinensis, 1169, 1173, 1188, 

1189, 1212 

Vinca rosea, 1149, 1150, 1152 

Violaceae, 1200 

Viola cornuta, 1200 

Vitaceae, 1153, 1198 

Vi/ts vinifera, 1153, 1198 

Wallflower, 1177 

Water pimpernel, 1199 

Watermelon, 1167 

Wheat, 1160, 1161, 1162, 1192. 1202 

Windflower, vernal, 1158 

Yam bean, 1188 

Zea mays, 1158, 1159, 1161, 1162, 1183 
Zinnia, 1147, 1169, 1174, 1181 


Zinnia elegam, 1147, 1169, 1174, 1177, 
1181 

Ziztphus oenopha, 1149 

Viruses, Vectors of, 

AceratagalLia curvaia, 1155 
Acei atagcUlia lyrata, 1155 
Aceratagallia obscura, 1155 
Aceratayallia sanguinolenta, 1155 
Aedes aegyph, 1230, 1254, 1255, 1259, 
1266 

Aedes albopictus, 1254 
Aedes apico-annulaius, 1266 
Aedes air opal pus, 1254 
Aedes cantator, 1254 
Aedes dorsalis, 1254 
Aedes fluviatilis, 1266 
Aedes leucocelaemus, 1266 
\{ies luti (H ephalus, 1266 
Aedes nigiomaculis, 1254 
Aedes scapulans, 1266 
Aedes solhexians, 1254 
Aedes stimulans. 1230 
Aedes taeniorhynihus, 1254 
Aedes tnseriatus, 1254 
Aedes oexans, 1230, 1254 
Agallia constricia, 1156 
Agallia quadripunctaia, 1155, 1156 
Agalliana ensiyera, 1220 
Agalliopsis novella, 1155, 1156, 1157 
Aleyrodidae, 1218, 1219 
Allolobophora caligxaosa, 1269 
Amblycephalinae, 1153 
Amphoi ophota rubi, 1196 
Amphorophora rubleola, 1196 
Amphorophora sensoriata, 1196 
Anuraphis tulipae, 1182 
Aphididae, 1163, 1164, 1171, 1172, 

1173, 1174, 1175, 1176, 1177, 1178, 

1179, 1180, 1181, 1182, 1183, 1184, 

1185, 1187, 1188, 1193, 1195, 1196, 

1200, 1203, 1204, 1205, 1206, 1207, 

1208, 1211 

Aphids, see Aphididae 
Aphis abbreviata, 1172, 1175, 1204 
Aphis apigraveolens, 1176, 1177, 1200 
Aphis apii, 1176, 1200 
Aphs fahae, 1171, 1204 
Aphis ferruginea striata, 1176, 1200 
Aphis gossypii, 1173, 1174, 1176, 1177, 
1179, 1185, 1188, 1200, 1211 
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Vintses, Vectors of (continued) 

Aphis graveolena, 1177 
Aphis Idburni, 1187 
Aphis Itguminosae, 1187 
Aphis maidiSy 1174, 1183, 1184 
Aphis medicagims, 1179 
Aphis middleioniiy 1176, 1177, 1200 
Aphis rhamniy 1171, 1172 
Aphis rvhicola. 1205 
Aphis ruhiphilay 1205 
Aphis rwniciSy 1176, 1178, 1179, 1180, 
1184 

Aphis sp,y 1193 
Aphis spiraeasy 1207 
Aphis spiraecday 1179 
Aphis ttUipaSy 1182 
Aulacorthum solanij 1204 
Balclutha mhilay 1159 
Bedbug, 1259 

Bemisia gossypiperday 1218, 1219 
Bemisia nigeriensiSy 1219 
Brevicoryne brassicacy 1177, 1179, 

1201 

Capiiophorus fragaefolii, 1208 
Capitapharus fragariasy 1195 
Capiiophorus letrahoduSy 1206 
Carneocephala fulgidOy 1153 
Carneocephala triguttatOy 1153 
Carclinaia cyperi, 1183 
CavarieUa capreaSy 1176, 1177 
Choerosirangylus pudendotectus y 1269 
Cicadellidae, 1145, 1147, 1148, 1150, 
1153, 1154, 1155 1157, 1159, 1160, 
1161, 1220 

Cicadula bimaculaiay 1159 
Cicadula divisOy 1147 
Cicadvla sexnotatay 1147 
Ctcadulina mbila, 1159 
Cicadulina sioreyi, 1159 
CicadtUina zeaSy 1159 
Cimex lectulariusy 1259 
Cimidae, 1259 

Convolvulaceae, 1149, 1150, 1165, 1170, 
1173, 1192, 1199, 1220 
Ctenopsylla felisy 1246 
Cuerna occidenialis y 1153 
Cvlex pipiensy 1230, 1252 
Cvlex tarsalisy 1252 
Cttlicidae, 1230, 1252, 1254, 1259, 

1266, 1267 


Cuscuta californira, 1173, 1198, 1100 
Cuscuta campesiriSy 1149, 1150, 1152, 
1165, 1170, 1173, 1192, 1199, 1220 
Cuscuta subinclusay 1173, 1109 
DelphactnaSy 1157 
Delphaz striaiella, 1162 
Deltocephalus dorsalisy 1160, 1161 
Deltocephalus striatuSy 1161 
Dermacentor andersoni, 1254 
Demacenior silvarunty 1250 
Dermacentor variabiliSy 1252, 1254 
Dodders, 1147, 1149, 1150, 1152, 1165, 
1170, 1173, 1192, 1190, 1220 
Draeculacephala minervuy 1153 
Draeculacephala pnrtola, 1161 
Eriophyes ribiSy 1203 
Eriophyidae, 1203 
Eiiscelis striatulusy 1150 
Eutettix tenelluSy 1220 
Flea, 1246 

Frankliniella insularis, 1223 
Frankliniella lycopersiciy 1223 
Frankliniella moultoniy 1223 
Frankliniella occidenialis y 1223 
Frankliniella schuUzety 1223 
Fulgoridae. 1145, 1157, 1161, 1162 
Gonioides dissimilisy 1280 
Haemaphysalis concinnay 1250 
Haematopinidae, 1233 
Haematopinus suiSy 1233 
Haemogogus eapricorniy 1266 
Helochara delta y 1153 
Hydiopter us atripliciSy 1179 
Hysteroneura setariaCy 1183 
Illinoia solanifoliiy 1179, 1182, 1183 
Ixodes persulcaiuSy 1250 
Ixodes ricinuSy 1249 
Izodidae, 1249, 1250, 1252, 1254 
Leafhoppers, 1145, 1146, 1147, 1148, 
1150, 1153, 1154, 1155, 1156, 1157, 
1159, 1160, 1161, 1162, 1220 
Lipaphis pseudobrassicaey 1201 
Lumbricidae, 1269 
Lygus pratensisy 1222 
Macropsis Irimaculatay 1148 
Macrosiphum ambrosias, 1179 
Macrosiphiim geiy 1171, 1178, 1180, 
1181, 1182, 1203 
Macrosiphum lilii, 1185 
Macrosiphum pelargoniiy 1182 
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Viruses, Vectors of (continued) 
Macroeiphum phi, 1179,1180,1181,1188 
Macrosiphum solanifolii, 1164, 1171, 
1173, 1178, 1179, 1180, 1181, 1182, 
1183, 1185, 1188, 1193, 1203, 1204 
Marroateles divisus, 1147 
Metastrongylidae, 1269 
Metaatrongylus elongatua, 1269 
Miridae, 1221, 1222 
Mo<mia albimaciUata, 1150 
Mosquito, 1230, 1252, 1254, 1259, 

1266, 1267, 1277 

Myzua circumflexua, 1164, 1171, 1173, 
1176, 1177, 1185, 1200, 1204 
Myzua convolvuli, 1176, 1200, 12^^^ 
Myzua fragaefolii, 1195, 1207 
Myzua peraicae, 1164, 1171, 1172, 

1173, 1175, 1176, 1177, 1178, 1179, 
1182, 1183, 1185, 1193, 1200, 1201, 
1203, 1204 

Myzua paeudosolani, 1164, 1173, 1204 
Neokolla ctrcellata, 1153 
Neokolla conflnens, 1153 
Neokolla goihica, 1153 
Neokolla heiroglyphira, 1153 
Nephoietiix apicalia, 1160 
Nephotettix bipuncialus, 1160 
Ophiola airiatula, 1150 
Pentalonia nigronervosa, 1174, 1193 
Peregrinua maidis, 1161 
Perkinaiella aaccharicida, 1157 
Perkinaiella vastatrix, 1157 
Philopteridae,' 1280 
Pieama cmerea, 1221 
Picarna quadrata, 1221 
Piesmidae, 1221 
Pulicidae, 1246 
Reduviidae, 1254 

Rhipicephalua appcndiculatus, 1249 
Rhopalosiphum jnellijeruni, 1176, 1177, 
1200 

Rhopaloatphun\ prurufoltae, 1184 
Rhopalosiphum pseudohrassreae, 1177, 

1179 

Taeniorhynchus brevipalph, 126< 
Thamnoteitix argentata, 1148,^1151 
Thamnoteitix geminatus, 1147 
Thamnoteitix montanus, 1147 

Thrlpidae. 1223 
Thripa tabaci, 1223 


Tick, American dog, 1252 
Toxeptera aurantii, 1202 
Toxopiera {/raminum,* 1183 
Triatoma aanguiauga, 1254 
White flies, 1218, 1219 

Water 

Achromatium, 999 

Achramobacter, 418, 419, 423, 424, 
425, 426, 427 

Actinomycea, 968,970, 972 
Aerobacter, 456, 457, 692 
Alcaligenea, 414 
Amoebobacier, 849, 850 
Ascoibacterium, 647 
Ascococcus, 250 
Azotobacter, 221 

Racillua, 612, 613, 644, 645, 648, 649, 
650, 651, 652, 653, 654, 655, 656, 657, 
658, 659, 661, 664, 665, 666, 667, 668, 
669, 670, 671, 672, 693, 715, 721, 722, 
723, 725, 726, 732, 733, 734, 736, 737, 
738, 740, 742, 744, 746, 747, 748, 749, 
752, 754, 755, 756, 757 , 758, 813, 814, 
815,816, 817, 818, 819,825 
Bacienum, 602, 605, 613, 641, 673, 674, 
675, 676, 677, 678, 679, 680, 681, 682, 
684, 685, aS6, 688, 689, 690, 758, 760 
Blastocaidis, 836 
Cauldbactcr, 833 
Cellvlomonas, 620 
Chlorobactertum , 873 
Chlorobium, 870 
Chloi ochromatium, 873 
Chromaiium, 857, 858 
Chromobacterium, 232, 233, 234 
Clathrochloris, 872 
ClonothriXs 983 
Clostridium, 824 
Corynebacterium, 397, 403, 404 
Crenothrix, 987 
Cijlindrogloca, 874 

Desulfovibno, 208 

Diplococcua, 694 
Eperythrozoun, 1115 
Escherichia, 449, 450 
Fernbacienum, 834 

Flavobacterium, 429. 431, 433, 434, 435, 
436, 437, 438, 439. 440, 441, 442. 611 
Gallionella, 831, 832 



1384 


INDEX OF SOURCES AND HABITATS 


Water (continued) 

Graniilobacillua, 826 
Hyphomicrchiumy 837 
Lamprocystis, 847 
Lampropedia, 844 
Leptospira^ 1077, 1078, 1079 
Leptothrix^ 984, 985, 986, 995 
Leuconostoc^ 348 
Macromonas, 1001 
Methanobacteriunij 646 
Micrococcus, 240, 245, 246, 250, 251, 
255, 256, 257, 258, 259, 261, 262, 270, 
271, 273, 274, 276, 277, 278, 280, 281 
695 

Microspira, 202 
Nau nanniella, 834 
Nevskia, 830 
Nocardia, 908 
Paracolobactrum, 460 
Pasteurella, 551 
Pelodictyon, 871, 872 
Proiaminobactery 190 
ProieuSy 491 

Pseudomonas, 89, 90, 91, 93, 96, 97, 99, 
100, 101, 102, 103, 104, 145, 146, 147, 
148, 149, 173, 174, 175, 176, 178, 179, 
697, 698, 701 
Rhabdomonas, 854, 855 
Rhodococcus, 281 

Rhodopseudomonas, 864, 865, 866 
Rkodospirillum, 868 
Rhodoihece, 855 
Salmonella, 504 
Saprospira, 1055 
Sarcina, 287, 288, 291, 293, 294 
Serratia, 481, 482, 483, 484, 485 
Siderocapsa, 833, 834 
SiderococcuSy 835 
Siderocystis, 835 
Sideroderma, 835 
Sideromonas, 834 
Siderothece, 835 
Sphaerotilis, 982, 983 
Spirillum, 213, 214, 218, 701 
Spirochaeta, 1052, 1053, 1054, 1079 
Streptococcus, 337, 338, 339, 341, 345, 
702 

Terminosporus, 823 
Thiobacillus, 79, 81 
Thiocapsa, 845 


Thiocysiis, 847 
Thiodictyon, 845 
Thionema, 995 
Thivpedia, 843 
Thioploca, 994 
Thiopolycoccus, 850 
Thxosarcina, 843 
Thiasiphon, 995 
ThiospirHlopsis, 993 
. Thiospirillum, 850, 851, 852, 853 
Thiothece, 846 
Thiothrix, 989, 990 
Thiovulum, 1000 

Vibrio, 198, 199, 201, 202, 203, 204, 205. 
703 

Water, Source 
Aachen, Germany, 834 
Arctic Ocean, 857 
Black Sea, 1002 
Breslau, 834 
Caucasus, 832 
Crimea, 845 
Czechoslovakia, 835 
Finland, 835 
Florida, 845 

Frankfurt, Germany, 844 
Germany, 835 
Graz, Austria, 855, 857, 858 
Minneapolis, Minnesota, 830 
Nikko,Japan, 859 
Petschora Sea, 832 
Russia, 835 
St. Petersburg, 830 
Sweden, 835 

Sweden, Aneboda i-egion, 832, 833, 834, 
835, 969, 983. 986 
Teufelsee, 834 

United States of America, 835 
White Sea, 832 
Worms, Germany, 834 

Waters, also see River Water, Spring 
Water, Sea Water and Tap Water 

Borax yielding water 
Sarcina, 294 
Bottled mineral waters 
Bacillus, 657 
Bacterium, 673 
Micrococcus, 695 
Proteus, 491 
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Waters (continued) 

Brackish, muddy bottom of 
Spirillum, 215, 217 
Brewery, reservoir 
Sarcina, 290 
Canal 

Bacillus, 655, 672 
Bacterium, 682, 688 
Thiobacillus, 81 
Chitin digesting bacteria, 632 
Cistern 

Bacterium, 680 
Containing iron 
Actinomyces, 969 
Crenothrix, 087 
Gallionella, 831, 832 
Leptothrix, 984, 985, 986 
Lieskeela, 986 
Containing manganese 
Leptoihrix, 985 
Creamery waste filter 
Pseudomonas, 177, 178 
Creek 

Aerobacter, 456 
Ditch 

Desul/ovibrio, 208 
Pseudomonas, 698 
Drainage 
Bacillus, 749 
Spirochaeta, 1053 
Filtered 

Pseudomonas, 149, 173 
Vibrio, 196 
Fish hatchery 
Achromobacter, 425 
Fountain 
Bacillus, 733 
Fresh water 

--, lime deposits 

Pseudomonas, 146 
Spirochaeta, 1052, 1054 

-, with algae 

Spirillum, 218 

Frozen, see Hail, Ice and Snow 
Glacial 

Pseudomonas, 145 
Grossly polluted 
Spirochaeta, 1053 
Hail, see Hail 
Ice, see Ice 


Lake 

Chromaiium, 857, 858 
Clostridium, 824 
Gallionella, 831, 834 
^ficrococcus, 276 
Rhahdomonas, 855 
Spirochaeta, 1053 
—, plankton 

Chitin digesting bacteria, 632 
Mineral, also see Bottled, mineral 
water** 

Micrococcus, 268 
Peat bog 

Sphaerothrix, 986 
Pipes 

Clonothrix, 983 
I'olluted 

Pseudomonas, 89 
Pond 

Chromatium, 857, 858 
Gallionella, 831,834 
Leptospira, 1077 
Macromonas, 1001 
Rhabdomonas, 855 
Sphaerothrix, 986 
Spirochaeta, 1079 
Pool 

Chlamydozoon, 1115 
Polyangium, 1032 
Putrid 

Spirillum, 213, 216 
llain, in bark of poplar tree 
Spirillum, 217 
River, see River Water 
Running water 
Crenothrix, 987 
Leuconostoc, 348 
Sphaerotilis, 982 

Salt seas and lakes, see Salt Seas and 
Lakes 

Salt, see Sea Water 
Slime in mines 
Leptospira, 1077 
Snow, see Snow 
Spring, see Spring Waters 
Stagnant 

Amoebobacter, 849, 850 
Bacillus, 667 
Bacterium, 681, 685, 688 
Chlorcbacterium, 873 
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Waters {continued) 

Stagnant (continued) 

Chlorobiutn, 870 
Chlorochromatiumf 873 
ClathrochloriSt 872 
Cylindrogloea, 874 
LamprocystiSf 848 
Lampropedia^ 844 
Pelodictyon^ 871, 872 
Pseudomonas, 149 
Rhabdomonas, 854, 855 
Rhodopseudomonas, 864, 865, 866 
Rhodospirillum, 868 
Rhodothece, 855 
Sphaeroiilis, 982 
Spirillum, 213, 214, 216, 217 
Thiocapsa, 845' 

Thiocystis, 847 
Thiodictyon, 846 
Thiopedia. ^ 

Thiopolycoccus, 850 
Thiosarcina, 8^ 

Thiospirillum, 851, 852 
Thiothece, 846 
Thiothrix, 989 

Streams, paper mill waste polluted 
Sphaerotilis, 982 
—, sewage polluted 
Sphaerotilis, 982, 983 
Submerged surfaces 
Caulobacter, 833 
Gallianella, 832 
Leptothrix, 985 
Siderocapsa, 834 
Sideromonas, 834 
Sulfur 

Achromatium, 999 
Amoebdbacter^ 849, 850 
Bacterium, 685 
Beggiatoa, 992, 993 
Chlordbium, 870 
Chlorochromatium, 873 
Clathrocystia, 872 
Cylindrogloea, 874 
Lamprocystis, 848 
Micrcbacillus, 690 
Pelodictyon, 871, 872 
Rhahdomonas, 854, 855 
Rhodotheee, 8M 
Spirochaeta, 1053 


Thiocapsa, 845 
Thiocystis, 847 
Thiodictyon, 846 
Thionema, 995 
Thiopedia, 843 
Thiopolycoccus, 850 
Thiosarcina, 843 
Thiospi rillopsis , 993 
Thiospirillum, 851, 852 
Thiothece, 846 
Thiothrix, 989, 990 
Thiovtdum, 1000 
Sulfur, stream containing 
Macromotias, 1001 
Surface 

Paracolobactrum, 460 
Swamp 

Bacillus, 659, 813, 814, 816, 817, 819 
Lampropedia, 844 
Leptothrix, 986 
Methanococcus, 285 
Sideromyces, 986 
Sphaerotilis, 983 
Spirochaeta, 1053 
Tap waters, see Tap Waters 
Trickling filter 
Pseudomonas, 177, 178 
Vibrio, 206 
Unaltered water 
Pseudomonas, 90, 97 
Waste 

Bacillus, 742, 744, 758 
Waste from sugar factory 
Sarcina, 293 
Wells, in chalk region 
Flavobacterium, 429 
Well w'ater 
Bacillus, 815 

Chromobacterium, 233, 234 
Lampropedia, 844 
Leuconostoc, 348 
Pseudomonas, 701 
Serratia, 484 
Thiospirillum, 853 

Water Works 

Clonothrix, 983 

Wine 

Acetobacter, 186 
Bacillus, 654, 668, 672, 753 
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Wine (continued) 

Bacterium, 362, 673, 684, 689 
Lactobacillus, 359, 361, 363 
Micrococcus, 251, 259, 267, 280 
Pseudomonas, 149 
Streptococcus, 345 
—, cellars 

Micrococcus, 277 
Streptococcus, 340 
—, slimy 

Streptococcus, 340 

Yeast 

Bacillus, 741 
Bacterium, 680, 687 
Clostridium, 824 
Lactobacillus, 361 


Pediococcus, 249, 250 
Sarcina, 290, 291, 292, 293, 294 
”, baker’s 
Streptococcus, 336 
—, beer 

Bacillus, 749 
Pediococcus, 249 
—, brewer’s 

Flavobacteriurn, 439 
—, distillery 

Lactobacill us , 360 
—, mash 

Pseudomonas, 146 
—, pressed 

Flacohactct ium, 613 
Lactobacillus, 358 




INDEX OF THE NAMES OF GENERA AND SPECIES* 
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aaser (Streptothrix), 976 
abaca (Marmor), 1193 
abhreviatum (Chloronostoc), 870 
aherdeen {Salmonella), 62G 
ahony {Salmonella), 502 
ahoriginalis {Spirochaeta), 1065 
ahoriginalia {Spiroschaudinnia), 1065 
aboriginalis {Treponema), 1065 
abortivoequina (Salmonella), 495, 606 
ahortivo-equinua {Bacillus), 506 
abortivum {Bacterium), 561 
abortivus {Bacillus), 506 
abortivus equinus {Bacillus), 506 
abortum-equi {Bacterium), 506 
abortus {Alcaligent'), 561 
abortus {Bacillus), 561, 562 
abortus {Bacterium), 561, 562 
abortus (Brucella), 43, 661, 562 
abortusbovis (Salmonella), 495, 502, 607 
abortus canis {Salmonella), 530 
abortus endemici {Corynebactenurrt), 561 
abortus equi {Bacillus), 506 
aborius-equi {Salmonella), 493, 506 
abortus-equi {Streptococcus), 336 
abortus equinus {Bacillus), 506 
abortus ovis {Bacterium), 506 
abortusovis (Salmonella), 493, 495, 606 
abortus suis {Bacillus), 562 
abortus var. lipolyiicus {Bacillus), 390 
abortus var. lipolyticus {Bacterium), 390 
abscessus {Actinohacterium), 928 
abundans {Mycothrix), 983 
abutilon (Marmor), 1186 
abysseus {Bacillus), 736 
acddentalis {Bacillus), 649 
accidentalis tetani {Bacillus), 649 
acddentalis tetani {Bacterium), 649 


aceris (Achromobacter), 466 

aceris {Bacillus), 456 

aceris {Phytomonas), 113 

aceris (Pseudomonas), 113 

r4,cernea {Phytomonas), 165 

acernea {Pseudomonas), 365 

acernea (Xanthomonas), 166 

aceti (Acetobacter), 179, 181, 183, 692 

aceti {Bacillus), 181, 182, 761 

aceh {Bacteriopsis), 181 

aceti {Bacterium), 179, 181 

aceti {Micrococcus), 181 

aceti {Mycoderma), 181 

aceti (Termobacterium), 185 

aceti {Torula), 181 

aceti {Ulvina), 181 

aceti {Umbina), 181 

aceti viscosum {Bacillus), 188 

aceti viscosum {Bacterium), 188 

aceticum {Bacterium), 454, 683, 692 

aceticum {Clostridium), 819 

aceticus {Bacillus), 181 

aceticus petersii {Bacillus), 683 

aceticus peterdi {Bacterium), 6^ 

aceti^enum (Acetobacter), 166 

acetigenum {Badllus), 186 

acetigenum {Bacterium), 186 

Acetimonas, 8, 180 

Acetobacter, 9, 18, 21, 23, 25, 29, 31, 43, 
179,189 


A cetohacterium .|18, 179 ] 
acetobutylicum (Clostridium), 780, 805, 
825 


acetobutyricum {Clostridium), 780. 807 
acetaethylicum {Bacillus), 721 
acetoethylicus {Aerobacillus), 721 
acetogenes a {Bacillus), 352 


♦Index prepared by Prof. Robert S. Breed and Mrs. Margaret E. Breed, New Yorlc 
State Experiment Station, Geneva, New \ork, June, 1947. 
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autog&MB fi (Bacittiu), 352 
oeetogeneB exilU {Bacillvs)^ 352 
acBtogenes proteiformis (Badllua), 352 
Acetogluconobacter, 180 
aeetonigenum (Cloatridium), 780 
aceUmobutylicum (CloBtridium), 780 
acetoaa (Ulvina), 692 
acetosum (Acetobacter), 186, 692 
acetoaum (Bacillua)^ 182 
acetoaum {Bacterium)^ 185 
acetykholini (Bacterium), 336 
acetylicum (Flavobacterium), 611 
ackahnei (Bacillua), 791 
Achromatium, 16, 24, 29, 995, 996, 997, 
998,1000 

Aohromobacter, 20, 31, 32, 417, 422, 609 
Aehr<mohacterium, 417 
achroua (Bacillua)^ 612 
achr<m8 (Micrococcua), 251 
aeidi acetid (Badllua)^ 813 
addi hutyrid (Badllua)^ 814 
addi hutyrid I (Badllua)^ 814, 816 
acidifadena (Bacillua), 736 
addificana (Badllua)^ 355 
acidificana (Micrococcua), 238 
addificana (Sarcina), 290 
addificana hngiaaimua (Badllua), 355 
addijicana-longiaaimua (Lactohadllua) , 355 
acidijicana preaamigenea caaei (Bacillua), 
737 

acidijicum (Flavobacterium), 440 
addiformana (Bacillua), 613 
addiformana (Bacterium), 613 
addi lactid (Badllua), 323, 447 
addi lactid I (Badllua), 447 
addi lactid II (Bacillua), 447 
addi lactid (Bacterium), 447, 664 
addi lactid I and II (Bacterium), 447, 
664 

addi lactid (Encapaulatua), 447 
addilactici (Eacherichia), 447 
addidactid (Micrococcua), 249, 251 
addilactid (Pediococcua), 249 
aeidi lactid (Plocamohacterium), 691 
aeidi-lactid (Sphaerococcua), 336 
addi lactid (Streptococcua), 323, 336 
addi lactid liquejadena (Micrococcua) ,2^ 


addi lactid var. gruenthali (Badllua), 451 
addilactici var. gruenthali (Bacterium), 
451 

addi lactia (Micrococcua), 238 
addi lactia liquejadena (Micrococcua), 238 
addi lactia longua (Badllua), 702 
addi laevolactid (Badllua), 348, 680 
addi laevolactid (Bacterium), 348, 680 
addi laevolactid (Microco’ccua), 267 
addi paralactid (Badllua), 324 
addi paralactid (Micrococcua), 323 
addi paralactid liquejadena (Micrococ¬ 
cua), 263 

addi para-lactid liquejadena halenais 
(Micrococcua), 263 
addi propionici (Badllua), 378 
addi propionici (Bacterium), 672 
addi propionici a (Bacterium), 373 
addi propionici h (Bacterium), 376 
addi propionici c (Bacterium), 376 
acidi propionici d (Bacterium), 373 
addi propionici (Plocamohacterium), 672 
acidi propionici var. juacum (Bacterium), 

373 

addi propionid var. rubrum (Bacterium), 

374 

acidi urid (Badllua), 795 
acidi urici (Clostridium), 796 
addo-aromaticua (Bacillua), 647 
Acidohacterium, 349 
acidominimus (Streptococcus), 336 
addophiUaerogenes (Bacillus), 358 
acidophil-aerogenea (Lactohadllua), 358 
acidophilum (Plocamohacterium), 352 
addophilum (Thermobacterium), 352 
acidophilua (Actinomyces), 956 
acidophilus (Bacillus), 352, 353, 361, 363 
acidophilus (Lactobacillus), 362 , 362 
acidophilus (Streptomyces), 966 
acidophilus odontolyticus (Bacillua), 363, 
365 

acidophilus odontolyticus I and II (Bacil¬ 
lua), 363 

acidophilua odontolyticus I and II (Lacto¬ 
bacillus), 363 

acidophilua odontolyticus I, II and III 
(Lactobadllua), 363 
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acidoproteolyticus {Mammococcua) ^ 327 
acido-proieolyticus casei (Bacillus), 737 
acido-proteolyticus casei I (Coccus), 327 
acido-proteolyticus casei II (Coccus), 327 
acidovorax (Micrococcus), 251 
acidula (Cellulomonas), 614 
acidulum (Bacterium), 614 
acidum (Achromobacter), 422 
acidum (Bacterium), 422 
acidum (Corynebacterium), 402 
acne (Micrococcus), 251 
acne (Staphylococcus), 251 
acnes (Actinomyces), 387 
acnes (Bacillus), 387 
acnes (Bacterium), 401, 658 
acnes (Corynebacterium), 387 
acnes (Fusiformis), 387, 583 
acnes (Propionibacterium), 387 
acnes contagiosae (Bacillus), 401, 658 
acnes contagiosae (Bacterium), 658 
acodoni (Grahamella), 1109 
acridicida (Micrococcus) (Staphylococcus), 
251 

acridiorum (Bacillus), 690 
acridiorum (Coccobacillus), 491, 690 
Acrogenus, 1202 
acropoma (Coccobacillus), 636 
Actinobacillus, 9, 22, 27, 666, 926 
actinobacter (Bacillus), 456 
Actinobacterium, 34, 38, 892, 925 
Actinocladothrix, 925 
actinocladothrix (Bacterium), 925 
Actinococcus, 15, 17, 892 
actinoides (Actinobacillus), 668 
actinoides (Actinomyces), 558 
actinoides (Bacillus), 558 
Actinoidomyces, 20, 23 
actinomorpha (Nocardia), 899, 912 
actinomorphum (Mycobacterium), 912’ 
actinomorphus (Actinomyces), 912 
actinomorphus (Proactinomyces), 912 
Actinomyce, 925 

Actinomyces, 9, 12,17, 18, 19, 23, 27, 28, 
38, 42, 43, 875, 892, 917, 919, 921, 926 , 
972,979,1289 

actinomyces (Cladothrix), 925 
actinomyces (Nocardia), 925 


actinomyces (Streptothrix), 925 
Actinomyces sp., Bruns, 923 
Actinomyces sp , Lowenstein, 973 
actinomycetemcomitans (Actinobacillus), 
667 , 692 

actinomycetemcomitans (Bacillus), 692 
actinomycetem comitans (Bacterium), 557 
Actinomycoides, 27 
astinomycotica (Streptothrix), 925 
activus (Staphylococcus), 701 
Acuformis, 33, 34, 763 
acuminata (Cristispira), 1056 
acuminata (Spirochaeta), 1056, 1065 
acuminata (Spiroschaudinnia), 1066 
acuminatum (Bacterium), 674 
acuminatum (Saccharobacterium), 623 
acuminatum (Treponema), 1065 
Qcuminatus (Bacteroides), 353 
acuminatus (Diplobacillus), 353 
acuta (Pseudomonas), 145 
acuta (Spirochaeta), 1065, 1074 
acutangulus (Bacillus), 647 
acutus (Bacillus), 647 
Acystia, 13, 516 
adametzii (Bacillus), 647, 737 
adametzii (Bacterium), 758 
adamsoni (Corynebacterium), 388, 402 
adanti (Klebsiella), 459 
adaptatus (Vibrio), 702 
adelaide (Salmonella), 530 
Adelonosus, 1211 
adenitis equi (Bacillus), 317 
aderholdi (Bacillus), 360 
adhaerens (Bacillus), 43, 737, 739, 746 
adriaticum (Thiosiphon), 995 
aeglefini (Spirochaeta), 1064 
aegyptiacum (Bacterium), 585 
aegyptiacus (Bacillus), 737 
aegyptica (Spirochaeta), 1065 
aegyptica (Spironema), 1066 
aegypticum (Borrelia), 1065 
aegypticus (Bacillus), 676 
aegyptium (Bacterium), 677 
aerifaciens (Bacillus), 737 
aeris (Bacillus), 647 
aeris (Bacterium), 672 
aeris minutissimus (Bacillus), 672 
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aeris-minuHssirnum (Bacterium), 672 
aerius (Micrococcus), 261 
Aerobacillus, 20, 22, 27,28, 30, 31,720,737 
Aerobacter, 10, 21, 26, 30, 31, 37, 443,448, 
463, 464 

Aerobacieroides, 27 
aerobius (Bacillus), 647, 660, 737 
aerobius (Streptococcus), 336 
aerofaciens (Bacteroides), 362, 368 
aerofaciens (Eubacterium), 368 
aerofoetidum (Clostridium), 781 
aerofoetidus (Bacillus), 781 
aerofoetidus (Seguinillus), 781 
aerogenes (Acidobacterium), 361 
aerogenes (Aerobacter), 444,454,456,457, 
460,692 

aerogenes (Bacillus), 454, 647, 659 
aerogenes (Bacterium), 454, 672 
Aerogenesbacterium, 11, 453 
aerogenes / and II (Bacterium), 672 
aerogenes (Colobactrum), 454 
aerogenes (Encapsulata) (Bacillus), 454 
aerogenes (Helicohacterium), 690 
aerogenes (Micrococcus), 246, 251 
aerogenes (Plocamobacterium), 361 
aerogenes (Staphylococcus), 246 
aerogenes (Streptococcus), 336 
aerogenes (Welchillus), 790 
aerogenes-capsulatum (Clostridium), 790 
aerogenes capsulatus (Bacillus), 789, 790 
aerogenes capsulatus (Bacterium), 790 
aerogenes gangrenosae (Bacillus), 813 
aerogenes meningitidis (Bacillus), 662 
aerogenes necrosans (Bacillus), 820 
aerogenes sputigenus capsulatus (Bacillus), 
647, 686 

aerogenes vesicae (Bacillus), 653 
aerogenes vesicae (Bacterium), 653 
aerogenes vesicae (Coccobacillus), 653 
aerogenoides (Paracolobactrum), 460,490 
aerogenosus (Bacillus), 126 
Aeromonas, 29, 30, 101 
aerophilum (Achromobacter), 610 
aerophilum (Bacterium), 737 
aerophilum (Urobacterium), 610, 691 
aerophilus (Bacillus), 737 
aerophilus (Streptococcus) 336 


aerosporus (Bacillus), 720 
aero4ertius (Bacillus), 812, 827 
aerothermophilus (Bacillus), 734 
Aerothrix, 929 
aertrycke (Bacillus), 502 
aertrycke (Bacterium), 502 
aertrycke (Salmonella), 502 
aertrycke var. meleagridis (Salmonella), 
502 

aprtrycke var. Storrs (Salmonella), 503 
aerugineus (Actinomyces), 967 
aeruginosa (Pseudomonas), 89, 126, 693, 
701 

aeruginosum (Bacterium), 89 
aeruginosas (Bacillus), 89 
aeschynomenus (Bacillus), 647 
aestuarii (Desulfovibrio), 208, 209 
aestuarii (Microspira), 208 
aestumarina (Pseudomonas), 697 
aetatulae (Morator), 1227 
aUhebius (Bacillus), 647 
aUhebius (Micrococcus), 266 
aUhebius (Streptococcus), 266 
aevi (Marmor), 1200 
afanassieffi (Bacillus), 737 
afermentans (Micrococcus), 695 
africana (Nocardia), 959 
africanus (Actinomyces), 959 
africanus (Streptomyces), 959 
agalactiae (Borrelomyces), 1292 
agalactiae (Capromyces), 1292 
agalactiae (Streptococcus), 319 
agalactiae eontagiosae (Streptococcus), 319 
agalaxiae (Anulomyces), 1292 
agar-exedens (Bacillus), 631 
agar-liquefaciens (Microspira), 200 
agarliquefaciens (Vibrio), 200 
agarlyticus (Vibrio), 702 
agglornerans (Bacillus), 489 
agglomeratus (Bacillus), 716 
agglutinans (Lactococcus), 336 
agglutinans (Leuconostoc), 346 
aggregata f (Sorochloris), 870 
aggregatum (Chlorochromatium), 859, 
873, 874 

aggregatum (Pelodictyon), 871, 872, 874 
aggregatus (Streptococcus), 308 
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agil-^lbi 


agile (Achromohacter), 422 

agile (Azotobacter), 219, 220 

agile (Bacterium) ^ 423 

agile (Nitrobacter), 74 

agile var. atyjnca (Azotohacter) ^ 220 

agilis (Bacillus), 423, 647, 737 

agilis (Hydrogenomonas), 78 

agilis (Micrococcus), 246 

agilis (Planococcus), 245 

agilis (Planosarcina), 245 

agilis (Rhodococcus), 245 

agilis (Sarcina), 245, 290 

agilis (Spirochaeta), 1053 

agilis (Thiospira), 853 

agilis (Thiospirilium), 853 

agilis var. polonica (Thiospirilium), 853 

agilis albus (Micrococcus), 251 

agilis citreus (Micrococcus), 288 

agilis larvae (Bacillus), 737 

agilis ruber (Micrococcus), 245 

agilissima (Thiospira), 702 

agilissimum (Spirillum), 701, 702 

agillimus (Bacillus), 647 

agliaceus (Malleomyces), 556 

agni (Bacillus), 790 

agni (Welchia), 790 

agm var. ovitoxicus (Welchia), 790 

agm var. paludis (Welchia), 790 

agnorum (Bacillus), 648 

agreste (Bacterium), 673 

agreste (Mycobacterium), 902 

agrestis (Actinomyces), 902 

agrestis (Bacillus), 673, 737 

agrestis (Proactinomyces), 902 

agri (Bacillus), 737 

agrigena (Pasteurella), 668, 673 

agrigenum (Bacterium), 673 

Agrobacterium, 227, 230 

agrophilus (Bacillus), 737 

agropyri (Aplanobacter), 395 

agropyri (Bacterium), 395 

agropyri (Corynebacterium), 396 

agropyri (Marmor), 1202 

agropyri (Phyiomonas), 395 

agropyri v&v.flavum (Marmor), 1202 

agropyri var. typicum (Marmor), 1202 

agrotidis typhoides (Bacillus), 737 


akamushi (Rickettsia), 1090 
akari (Rickettsia), 1092 
alacer (Bacillus), 648 
alactagae (Orahamella), 1109 
alactolyticum (Ramibacterium), 701 
alactosus (Streptococcus), 337 
alatus (Bacillus), 648 
alba (Bactoderma), 75 
alba (Beggiatoa), 992 , 993 
alba (Cladothrix), 934 
alba (Escherichia), 452 
alba (Nocardia), 934 
alba (Oospora), 918, 968 
alba (Oscillatoria), 992 
alba (Pseudomonas), 145 
alba (Sarcina), 42, 290 
alba (Sireptothrix), 933, 968, 976 
a/6a var. incana (Sarcina), 290 
alba var. marina (Beggiatoa), 992 
alba var. uniserialis (Beggiatoa), 989 
albarrani (Bacterium), 580 
albatus (Bacillus), 648 
albatus (Micrococcus), 251 
albensis (Vibrio), 203 , 702 
albescens (Micrococcus), 251 
albicans (Micrococcus), 252 
albicans (Neisseria), 252 
albicans (Staphylococcus), 281 
albicans (Streptococcus), 337 
albicans amplus (Diplococcus), 252 
albicans amplus (Micrococcus), 252, 281 
albicans pateriformis (Bacillus), 683 
albicans tardissimus (Diplococcus), 278 
albicans tardissimus (Micrococcus), 278 
albicans tardus (Diplococcus), 278 
albicans tardus (Micrococcus), 278 
albida (Cellulomonas), 620 
albida (Nocardia), 896, 949 
albida (Sarcina), 290 
albido (Streptothrix), 949 
albido-flava (Cladothrix), 949 
albido-flava (Streptotnx), 949 
albido-flavus (Actinomyces), 949 
albidoflavus (Streptomyces), 949 , 950 
albidofuscus (Actinomyces), 967 
albidus (Actinomyces), 967 
albidus (Bacillus), 620 
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alhidtis (Micrococcus) f 251, 277 
dlhidus (Streptococcus) f 337 
albilineans (Bacterium), 639 
albilineans (Phyiomoms), 639 
dlboalrus (Actinomyces) y 967 
albocereus (Micrococcus), 251, 281 
Albococcus, 8, 235 
albofaciens (Bacillus) y 544 
albofaciens (Shigella) y 544 
alboflavum (Protaminobacter), 189, 190 
alboflavus (Actinomyces), 954 
alboflavus (Streptomyces), 964 
albogilva (Cytophaga), 1014 
albo-lacteum (Clostridium), 819 
albolactis (Bacillus), 716 
alboluteum (Clostridium), 819 
alboprecipitans (Bacterium), 142 
alboprecipitans (Phytomonas), 142 
alboprecipitans (Pseudomonas), 141 
albosporea (Nocardia), 954 
oXbosporeus (Actinomyces), 954 
albosporeus (Streptomyces), 964 
alboviridis (Actinomyces), 940, 968 
album (Achromobacter), 423 
album (Bacterium), 42, 423, 648, 673 
album (Citrobacter), 448 
album (Corynebacierium), 402 
album (Mycobacterium), 890 
album liquefaciens (Clostridium), 819 
album minor (Clostridium), 819 
album non-liquefaciens (Clostridium), 819 
albuminis (Bacillus), 799 
albuminis (Bacillus) (Streptobacter), 737 
albuminosus (Flexibacter), 38 
albuminus (Bacillus) (Streptobacter), 727 
albus (Actinomyces), 924, 934, 940, 968 
albus (Alcaligenes), 416 
albus (Bacillus), 42, 423, 648, 737, 738 
albus (Cellulomonas), 737 
albus (Galactococcus), 250 
albus (Micrococcus), 242, 249, 251, 252, 
253, 257, 258, 260, 261, 262, 263, 264, 
265, 266, 267, 268, 269, 272, 273, 274, 
275, 276, 277, 279, 280, 281, 347, 891 
albus I (Micrococcus), 257 
albus II (Micrococcus), 252, 270 
albus (Pediocoecus), 249 


albus (Proactinomyces), 923 
albus (Staphylococcus), 242, 1140, 1141, 
1142 

albus (Streptococcus), 337 
albus (Streptomyces), 933, 943, 947, 949 
albus var. a (Actinomyces), 934 
albus var. acidus (Actinomyces), 915, 934 
albus var. cretaceus (Actinomyces), 934 
albus var. maltigenes (Micrococcus), 695 
albus var. ochraleuceus (Actinomyces), 
934, 968 

albus var. tossica (Actinomyces), 918 
albus var. toxica (Actinomyces), 934 
albus acidus (Actinomyces), 915, 934 
albus anaerobiescens (Bacillus), 648 
albus asporogenes (Actinomyces), 968 
albus cadaveris (Bacillus), 669 
albus cadaveris (Bacterium), 669 
albus fluidificans (Micrococcus), 257 
albus liquefaciens (Micrococcus), 274 
albus liquefaciens (Staphylococcus), 281 
albus non liquefaciens (Coccus), 261 
albus non liquefaciens (Staphylococcus), 
281 

albus putidus (Bacillus), 648 
albus putridus (Bacillus), 648 
albus urinae (Micrococcus), 279 
albus-vulgaris (Actinomyces), 968 
alcalescens (Bacillus), 450 
alcalescens (Escherichia), 450 
alcalescens (Micrococcus), 303 
alcalescens (Veillonella), 303 
alcalescens var. gingivalis (Veillonella), 
304 

alcalescens var. minutissima (Veillonella), 
304 

alcalescens var. syzygios (Veillonella), 304 
alcaliaromaticum (Achromobacter), 416 
alcaliaromaticum (Bacterium), 416 
alcalifaciens (Bacillus), 400 
alcalifaciens (Eberihella), 533 
Alcaligenes, 10, 21, 30, 32, 412, 416 
alcaligenes (Acuformis), 801 
alcaligenes (Bacillus), 413 
alcaligenes (Bacterium), 413 
alcaligenes (Clostridium), 801 
alcaligenes (Palmula), 801 
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dealigenes (Vibrio), 413 

dkalinofoetidus (Alcaligenea), 416 

akdlinofoeHdua (Bacillua)^ 416 

alcalinua (Thermohacillus), 734 

alealophilua (Bacillua), 738 

alcia (KUhaiella), 459 

alcoholphilua (Laetobacillua), 363 

aleuritidia (Bacterium) ^ 131 

aleuritidia (Phytomonaa), 131 

aleuritidia (Pseudomonas)) 131 

alfalfae (Bacterium), 165 

alfalfae (Phytomonaa), 165 

alfalfae (Paeudomonaa), 165 

alfalfae (Xanthomonas), 166 

algerienae (Bacterium), 673 

alginicum (Bacterium), 641 

alginovorum (Bacterium), 626 

algoaua (Vibrio), 702 

aliphaiicum (Bacterium), 673 

aliphaticum liquefaciena (Bacterium), 673 

alkaleacena (Bacillua), 539 

alkaleacena (Bacterium), 539 

alkaleacena (Eberthella), 539 

alkaleacena (Proahigella), 539 

alkalescens (Shigella), 639, 540, 543 

allantoicua (Streptococcua), 337 

allantoidea (Bacillua), 673 

allantoidea (Bacterium), 673 

aller (Leuconoaioc), 346 

alliariae (Bacillua), 477 

alliariae (Erwinia), 477 

aim (Bacillua), 697 

aim (Paeudomonaa), 145, 697 

alliicola (Phytomonaa), 136 

alliicola (Pseudomonas), 136 

allium (Bacterium), 145 

alluvialum (Mycobacterium), 919 

alma (Cellulomonas), 620 

almquiati (Actinomycea), 934, 947, 968 

almua (Bacillua), 620 

alni (Actinomycea), 968 

aloea (Bacterium), 758 

alopecuri (Bacillua), 738 

alpha (Bacillua), 648, 738 

alpha (Micrococcua), 279 

alpha (Ooapora), 934 

alpha (Phagua), 1141 


alpha (Streptothrix), 976 
alpha (Tarpeia), 1268 
alpinua (Bacillus), 738 
altendorf (Salmonella), 506 
altemana (Zygoplagia), 13 
alutacea (Paeudomonaa), 178 
alutacea (Sarcina), 290 
alutaceum (Bacterium), 673 
alvearia (Cryptococcua), 337 
alvearia (Streptococcus), 337 
alvei (Bacillus), 723, 724, 728, 745 
alveicola (Proteus), 490 
alveolaria (Bacillua), 738 
alvi (Micrococcua), 274 
amabilia (Bacillua), 648 
amabilia (Bacterium), 648 
amager (Salmonella), 524 
amaracrylus (Aerobacillus), 720 
amaracrylus (Bacillua), 720 
amaranthi (Bacterium), 178 
amaranthi (Phytomonaa), 178 
amaranti (Paeudomonaa), 178 
amarifaciens (Micrococcua), 238 
amarificana (Bacillua), 716 
amarillae (Bacillua), 648 
arnarillum (Plectridium), 814 
amarua (Bacillua), 648, 738 
arribigua (Eberthella), 536 
ambigua (Pseudomonas), 103, 697 
ambigua (Shigella), 536 
arribigua (Spirochaeta), 1065 
ambigua (Treponema), 1065 
arribiguum (Achromobacter), 103 
ambiguum (Bacterium), 536, 673, 697 
ambiguua (Bacillua), 103, 536 
ambratua (Streptococcus), 337 
americana (Cohniatreptothrix), 974 
americanum (Clostridium), 819 
americanus (Actinomycea), 975 
americanua (Nitrosococcua), 71 
americanus (Proteus), 490 
amerimnua (Bacillus), 648 
amerafoort (Salmonella), 511 
amethyatina (Pseudomonas), 233 
amethystinum (Chromobacterium), 282 
amethyatinus (Bacillus), 232, 233 
amethyatinua (Bacterium), 232 
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amethystinus mohilis (Bacillus) y 233 
amethystinus mobilis (Bacterium)y 233 
amforeii (Bacterium) y 673 
amherstiana (Salmonella) y 515 
aminovorans (Bacillus) y 73S 
amrnoniae (Proteus)y 490 
ammoniac (Salmonella) y 490 
ammoniagenes (Alcaligenes) y 416, 607 
ainmoriiagenes (Bacterium), 416, 607 
amocontactum (Flavobactorium), 631 
Amoebobacter, 16 , 23, 26, 848, 849 , 850 ‘ 
ArnoebomonaSy 8, 25, 848 
amphihiae (Spirochacta)y 1065 
amphibolus (Vibrio)y 702 
amplelopsorae (Bacillus) y 227 
am pi us (Micrococcus) y 252 
(unpullaceus (Micrococcus)y 252 
amularium (Marmor)y 1212 
amygdala ides (Bacillus)y 648 
amylifera (Thiosphaerella), 998, 999 
amylifernm (Spirillum), 217 
amyloaceum var auranticum (Propioni- 
bacterium)y 379 
amyloaerobius (Bacillus), 738 
Amylobacter, 743, 748, 763 
amylobacter (Bacillus), 771 
amylobacter I (Bacillus), 771, 824 
amylobacter JI (Bacillus), 771, 824 
amylobacter III (Bacillus), 771, 824 
amylobacter (Clostridium), 771 
amylobacter (Metallacter), 771 
amylobacter immobilis (Bacillus), 790, 826 
amylobacter mobilis (Bacillus), 771 
amylobacter S and W (Bacillus), 772, 824 
amylocella (Vibrio), 203 
amyloclasticus (Bacillus), 813 
amyloclasticus intestinalis (Bacillus), 813 
amylolactis (Streptococcus), 325 
amylolyticus (Bacillus), 738 
amylophilum (Pectinobacter), 823 
amyloruber (Bacillus), 484 
amyloTuber (Erythrobacillus), 484 
amylorubra (Serratia), 484 
amylovora (Flrwinia), 466, 1135 
amylovorum (Achromobacter), 423 
amylovorum (Bacterium), 465 
amylovorum (Urobacterium), 423 


amylovorus (Bacillus), 465 
amylovorus (Micrococcus), 465 
nmylozym,a (Bacillus), 771 
nmylozyme (Clostridium), 771 
amylozymicus (Bacillus), 771 
Anaerohacillus, 27, 783 
Anaerobe No. Ill, Fliigge, 813 
Anaerobe No. IV, Fliigge, 814 
anaerobia (Gaffkya), 284 
anaerobic No:V (Bacillus), 818 
anaerobic No. VIII (Bacillus), 813 
anaerobicum (Bacterium), 687, 819 
anaerobicus (Bacillus), 820 
anaerobicus alcaligenes (Bacillus), 801 
anaerobicus caproicus (Bacillus), 820 
anaerobicus liquefaciens (Bacillus), 819 
anaerobicus magnus (Streptobacillus), 823 
anaerobicus minutus (Bacillus), 368 
anaerobicus parvus (Coccobacillus), 368 
anaerobicus rectus (Streptobacillus), 822 
anaerobicus tenuis (Bacillus), 821 
nnaerobies (Actinomyces), 922 
anaerobies (Oospora), 922 
anaerobiontica (Pasteurella), 581 
anaerobium (Achromobacter), 423 
anaerobium (Bacterium), 673 
anaerobium (Corynebacterium), 388, 402 
anaerobius (Micrococcus), 247, 281 
anaerobius (Staphylococcus), 247, 248 
anaerobius (Streptococcus), 328, 345 
anaerobius (Tetracoccus), 284 
anaerobius carduus (Streptococcus), 328 
anaerobius chromogenes (Bacillus), 805 
anaerobius diphtheroides (Bacillus), 402 
anaerobius foetidus (Bacillus), 782 
anaerobius gonoides (Streptococcus), 328 
anaerobius gracilis (Bacillus), 580 
anaerobius haemolysans (Bacillus), 820 
anaerobius liquefaciens (Bacillus) ,^S7 ,819 
anaerobius magnus (Bacillus), 823 
anaerobius major (Staphylococcus), 281 
anaerobius micros (Streptococcus), 328, 
330 

anaerobius minor (Staphylococcus), 281 
anaerobius perfoetens (Coccobacillus), 576 
anaerobius rectus (Bacillus), 822 
anaerobius tenuis (Bacillus), 821 
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anae-anth 


anaerohius tenuis (Leptothrix), 365 
anaerobius vulgaris (Streptococcus) ^ 328 
anaerohius typ. vulgaris (Streptococcus), 
328 

anaerogenes (Bacillus), 533 
anaerogenes (Bacterium), 533 
anaerogenes (Escherichia), 533 
Anaeromyces, 925 
ananas (Bacillus), 473 
ananas (Bacterium), 127, 473 
ananas (Erwinia) 127, 473 
ananas (Phytomonas), 127 
ananas (Pseudomonas), 127, 473 
Anaplasma, 1100 
anata (Escherichia), 523 
anatipestifer (Hemophilus), 554 
anatipestifer (Pfeifferella), 554 
anatis (Bacterium), 523, 552 
anatis (Corynethrix), 406 
anatis (Salmonella;, 498,502, 623, 642 
anatis (Spirochaeta), 1059 
anaturn (Bacterium), 523 
anatum (Salmonella), 43, 523 
anaturn Y&T aeririjcke (Salmonella), 502 
anatum var. muenHer (Salmonella), 523 
anatum var. nijlwrg (Salmonella), 523 
anceps (Bacillus), 648 
anceps (Leptotrichia), 367 
anceps {Rasmussenia), 367 
andoi (Vibrio), 201 
andropogoni (Bacterium), 142 
andropogoni (Phytomonas), 142 
andropogoni (Pseudomonas), 142, 169, 
1136 

anemoeon (Microsporon), 918 
anemones (Galla), 1158 
anginosus (Streptococcus), 333, 334 
Aiigiococcus, 1047 
angliae (Marmor), 1200 
anglomerans (Bacillus), 173 
anguillarum (Bacillus), 673 
anguillarum (Bacterium), 673 
anguillarum (Vibrio), 203 
angulans (Bacillus), 758 
angulata (Phytomonas), 113 
angulata (Pseudomonas), 113, 124 
angulatum (Bacterium), 113 


angulosum (Clostridium), 801, 827 
angulosus (Bacillus), 801, 827 
angulosus (Baderaides), 801 
angustum (Bacterium), 673 
arihaemolyticus (Streptococcus), 337 
anhaemolyticus vulgaris (Streptococcus), 
337, 343 

anindolica (Escherichia), 452 
anindolicum (Bacillus), 452 
anindolicum (Citrobacter), 448 
annamensis (Corynebacterium), 402 
annamensis (Salmonella), 530 
annulare (Photobacterium), 636 
annularis (Microspira), 636 
annulata (Pseudomonas), 173 
annulata (Thiothrix), 990 
annulates (Bacterium), 693 
annulaium (Flavobacteriurn), 173 
anuulatus (Actinomyces), 968 
antiulatus (Actinomyces) (Sireplothrix), 
968 

annulatus (Bacillus), 173, 648, 693 
annulatus (Micrococcus), 252 
annuliformans (Bacillus), 580 
annuliformis (Bacillus), 738 
Annulus, 1212 

anodontae (Cristispira), 1055, 1056 
anodontae (Spirochaeta), 1055 
anolium (Serratia), 461 
anoxydana (Colloides), 595 
anserina (Borrelia), 1068 
anserina (Spirochaeta), 1058 
anserina (Spironema), 1058 
anserina (Spiroschaudinnia), 1058 
anserina (Treponema), 1058 
anserinum (Spirillum), 1058 
anserum (Spirillum), 1058 
antarrtica (Nitrosospira), 72 
antenniforme (Flavobacteriurn), 440 
antenniformis (Bacillus), 440 
antenniformis (Bacterium), 440 
anthraciformis (Bacillus), 648 
Anthracillus, 25, 27 
anthracis (Aplanobacter), 719 
anthracis (Bacillus), 719, 1138 
anthracis (Bacillus) (Bacteridium), 719 
anthracis (Bacillus) (Streptobacter), 719 
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otUhradB (Bacterium), 719 
anihraeie (Pollendera), 719 
anthracie eimilie (Bacillus), 738 
anihraeie symptomatici (Bacillua), 776 
antkraeis-symptomatici (Clostridium), 776 
anthracoidee (Bacillus), 648, 716 
anihracoides (Bacterium), 716 
Anthrax, 20, 22 

anthropopitheci (Spirochaeta), 1079 
aniihioticus (Actinomyces), 942 
antibioticus (Streptomyces), 942 
antirrhini (Bacterium), 167 
antirrhini (Phytomonas), 167 
antirrhini (Pseudomonas), 167 
antirrhini (Xanthomonas), 167 
anularis (Cytophaga), 1016 
anulariua (Bacillus), 648 
Apelmocoena, 14, 1032 
apertuB (Annulus), 1214 
aphrophilus (Hemophilus), 589 
aphthicola (Streptococcus), 337 
aphthosum (Bacterium), 673 
aphthosus (Bacillus), 673 
apiculatus (Chondromyces), 1038 
apicum (Bacillus), 648, 738 
apii (Bacterium), 639 
apii (Phytomonas), 122 
apii (Pseudomonas), 122 
apiovorus (Bacillus), 470 
apis No, I, No, 2 and No, 3 (Bacterium), 
673 

apis (Streptococcus), 326, 724 
apisepticus (Bacillus), 648 
Aplanobacter, 8, 705 
aporrhoeus (Bacillus), 738 
appendicis (Actinomyces), 922 
appendicis (Discomyces), 922 
appendicis (Nocardia), 922 
appendicitis (Bifidibacterium), 369 
aptata (Phytomonas), 114 
aptata (Pseudomonas), 43,114 
aptatum (Bacterium), 114 
aquamarinus (Achromobacter), 419 
aquatile (Flavobacterium), 428, 429 
aquatile aurantiacum (Bacterium), 673 
aquatile dtreum (Bacterium), 673 
aquaiUe debile (Bacterium), 673 


aquatile flavum (Bacterium), 673 
aquatile gasoformans non liquefadens 
(Bacterium), 657 

aquatile luteum (Bacterium), 673 
aquatile odorans (Bacterium), 491 
aquatilis (Bacillus), 428, 648, 649 
aquatilis (Bacterium), 428, 613 
aquatilis (Diplococcus), 694 
aquatilis (Micrococcus), 252, 695 
aquatilis (Microspira), 199 
aquatilis (Pseudomonas), 146 
aquatilis (Streptococcus), 702 
aquatilis (Streptothrix), 976 
aquatilis (Vibrio), 199, 632 
aquatilis (Zuberella), 577 
aquatilis a (Bacillus), 684 
aquatilis albissimus (Micrococcus), 695 
aquatilis albus (Micrococcus), 252, 695 
aquatilis communis (Bacillus), 649, 661, 
699 

aquatilis communis (Bacterium), 649 
aquatilis jiavus (Micrococcus), 252 
aquatilis gasoformans non liquefadens 
(Bacillus), 657 

aquatilis invisibilis (Micrococcus), 252 
aquatilis magnus (Micrococcus), 695 
aquatilis radiaius (Badllus), 613 
aquatilis radiatus (Bacterium), 613 
aquatilis solidus (Bacillus), 658 
aquatilis solidus (Bacterium), 658 
aquatilis sulcatus (Badllus), 655 
aquatilis sulcatus I (Bacillus), 670 
aquatilis sulcatus II (Bacillus), 670 
aquatilis sulcatus III (Bacillus), 669 
aquatilis sulcatus IV (Badllus), 648 
aquatilis sulcatus V (Badllus), 655 
aquatilis-sulcatus-qmrtus (Bacillua), 649 
aquatilis sulcatus quartus (Bacterium), 
aquatilis villosus (Bacillus), 671 
aqueductum (Leptospira), 1078 
aqueum (Bacterium), 759 
aqueus (Micrococcus), 252 
aquivivus (Micrococcics), 695 
aquosus (Proactinomyces), 923 
arabinosaceus (Betacoccus), 346 
arabinosaceus (Leuconostoc), 346 
arabinosum (Propionibacterium), 378 
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arabinosua (Lactohacillua), 357 
arabinoiarda Types A and B (Shigella), 
544 

arachidis (Marmor), 11S7 
arachnoidea (Beggiatoa), 9d2, 993 
arachnoidea (Oscillaria), 992 
arachnoideus (Bacillus), 738 
araliavora (Erwinia), 477 
araliavorus (Bacillus), 477 
arborescens (Actinomyces), 919 
arborescens (Bacillus), 435, 436, 649, 919 
arborescens (Bacterium), 435 
arborescens (Erythrobacillus), 435 
arborescens (Flavobacterium), 429, 436, 
439 

arborescens (Nocardia), 919 
arborescens lactis (Micrococcus), 252 
arborescens non-liquefaciens (Bacillus), 
435 

arborescens non-liquefaciens (Bacterium), 
436, 673 

arboreus (Bacillus), 649 
Archangium, 1017 
archeri (Gajfkya), 284 
archibaldii (Salmonella), 531 
arcticum (Achromobacter), 423 
arcticum (Bacterium), 673 
arechavaleta (Salmonella), 506 
arenarius (Bacillus), 738 
argenteo-phospho/escens (Bacillus), 634 
argenteo-phosphorescens I (Bacillus), 634 
argenteo-phosphorescens II (Bacillus), 634 
argenteo-phosphorescensIII (Bacillus), 
argenteo-phosphorescens (Bacterium), 634 
argenteo-phosphorescens liquefaciens (Ba¬ 
cillus), 

argenteua (Micrococcus), 252 
argentinensis (Spirochaeta), 1065 
argentinensis (Treponema), 1065 
argentophosphorescens (A chromobacter), 
634 

arguata (Cellulomonas), 176 
arguta (Pseudomonas), 176 
aridus (Bacillus), 738 
aritona (Salmonella), 462 
Arloingillus, 11, 763 
arUmgii (Bacillus), 738 


armoraciae (Bacillus), 710 
aroideae (Bacillus), 474 
aroideae (Bacterium), 474 
aroideae (Erwinia), 470, 474, 1129, 1136 
aroideae (Pectobacterium), 474 
aromafaciens (Achromobacter), 423 
aromafaciens (Bacterium), 423 
aromatica (Pseudomonas), 146 
aromatica var. quercitopyrogallica (Pseu¬ 
domonas), 146 

aromaticum (Flavobacterium), 457 
aromaticus (Bacillus), 434, 457 , 649, 743 
aromaticus (Bacterium), 457 
aromaticus (Streptococcus), 337 
aromaticus butyri (Bacillus), 440 
aromaticus lactis (Bacillus), 434 
nrthritica (Micrococcus), 301 
arthritica (Neisseria), 301 
arthritidis (Bacterium), 674 
arthritidis (Murimyces), 1292 
arthritidis chronicae (Bacillus), 674 
arthritidis-muris (Corynebacterium), 402 
Arthrohacter, 7 
Arthrobactridium, 7 
Arthrobactrillium, 7, 82 
Arthrobactrinium, 7, 82 
Arthroraitus, 1003 
Arthrostreptokokkus, 312 
arthrotropicus (MusctUomyces), 1243 
arthuri (Bacillus), 639 
articulata (Pseudomonas), 146 
articulatum (Bacterium), 759 
articulorum (Streptococcus), 337 
artus (Phagus), 1133 
arvalis (Grahamella), 1109 
arvicolae (Bartonella), 1104 
arvicolae (Haemobartonella), 1104 
arvilla (Pseudomonas), 106 
arvillum (Achromobacter), 105 
asaccharolyticus (Micrococcus), 246 
asaccharolyticus (Staphylococcus), 246 
asaccharolyticus var. indolicus (Staphylo- 
coccus), 247, 264 
asalignus (Streptococcus), 337 
ascendens (Acetobacter), 43,186, 692 
ascendens (Bacterium), 185 
ascendens (Ulvina), 692 
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ascitis (Corynebacteriurn)^ 402 
Ascococcus, 6, 235 
ascoformans (Botryococcus) ^ 253 
ascoformans (Micrococcus) ^ 252, 253 
ascoformans (Staphylococcus), 253 
ascoformis (Micrococcus), 253 
asiaiicum (Bacterium ), 450 
asiaticus (Bacillus), 450, 73S 
asiaticus (Proteus), 450 
astaticus (Salmonella), 
asiaticus mobilis (Bacillus), 450 
asiaticus mobilis (Salmonella), 450 
asparagi (Bacillus), 759 
asparagi (Bacterium), 759 
asper (Micrococcus), 253 
asplemi (Phytomonas), 696 
asponferum (Bacterium), ^7A 
assimilis (Bacillus), 649 
assurgens (Archangium), 1019 
Astasia, 20, 22, 705 
asteracearum (Bacilhis), 477 
osieracearum (Ermnia), 477 
asteriformis (Bacillus), 612 
asteris (Bacillus), 738 
Asterococcus, 1289, 1291 
asleroide (Leptothrix), 218, 365 
asteroids (Mycobacterium), 896 
Asteroides, 892 
asteroides (Actinomyces), 896 
asteroides (Asteroides), 896 
asteroides (Cladothrix), 896 
asteroides (Discomyces), 896 
asteroides (Nocardia), 896, 897, 918 
asteroides (Oospora), 896 
asteroides (Proactinomyces), 896 
asteroides (Streptotrix), 896 
asteroides var. crateriformis (Nocardia), 
897 

asteroides var. crateriformis (Proactino- 
myces), 897 

asteroides var. decolor (Nocardia), 897 
asteroides var. decolor (Proactinomyces), 
897 

asteroides var. gypsoides (Nocardia), 897 
asteroides var. gypsoides (Proactino¬ 
myces), 897 


asteroides var. serratus (Actinomyces), 
917 

Asteromyces, 1291 
asterospora (Astasia), 720 
asterosporus (Aerobacillus), 720 
asterosporus (Bacillus), 720, 748 
asterosporus alpha (Bacillus), 720 
astheniae (Bacillus), 448 
astheniae (Bacterium), 448 
astheniae (Escherichia), 448 
asthenoalgiae (Leptospifa), 1078 
asthenogenes (Bacillus), 738 
astragali (Bacterium), 139 
astragali (Phytomonas), 139 
astragali (Pseudomonas), 139 
astri (Marmor), 1196 
astrictum (Marmor), 1165, 1167 
astrictum var. aucuba (Marmor), 1168 
astrictum var. chlorogenus (Marmor), 1168 
astrictus (Phagus), 1133 
aterrimus (Bacillus), 711 
aterrimus tschitensis (Bacillus), 738 
atherton (Salmonella), 701 
atlantica (Pseudomonas), 697 
Atremis, 13 

atrofaciens (Bacterium), 120 
atrofaciens (Phytomonas), 121 
atrojaciens (Pseudomonas), 120 
atroseptica (Erwinia), 468, 470, 1134 
atrosepticus (Bacillus), 468, 470 
atienuatum (Spirillum), 43, 217 
attenuatum (Spirosoma), 217 
atypica pseudotuberkulosa (Actinomyces), 
973 

aucuba (Marmor), 1176 
aucuba var. canadense (Marmor), 1175 
aucubicola (Pseudomonas), 146 
aurantia (Spirochaeta), 1053 
aurantiaca (Cladothrix), 896 
aurantiaca (Cytophaga), 1013 
aurantiaca (Merismopedia), 251,290 
aurantiaca (Nocardia), 896 
aurantiaca (Oospora), 896 
aurantiaca (Paulosarcina), 288 
aurantiaca (Sarcina), 243, 288 
aurantiaca (Stigmatella), 1037 
aurantiaca (Streptothrix), 896 
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aurantiacam (Agarbacterium), 630 
aurantiacum (Bacteridium) y 243 
aurantiacum (Chromobacienum), 440 
aurantiacum (Corynehactenum) y 402, 404 
aurantiacum (Flavobacterium) y 440 
aurantiacum (Polycephalum) y 1037 
aurantiacus (Actinomyces) y 896 
aurantiacus (Aurococcus) y 243 
aurantiacus (Bacillus) y 440 
aurantiacus (Bacterium), 440 
aurantiacus (Chondromyces), 1037, 1038 
aurantiacus (Micrococcus), 243 , 265, 275, 
290 

aurantiacus (Fediococcus) y 243, 290 
aurantiacus (Staphylococcus) y 243 
aurantiacus (Streptococcus) y 243, 253, 337 
aurantiacus-sorghi (Micrococcus), 243, 253 
aurantiacus tingitanus (Bacillus), 145, 
646 

aurantiacus var. jrutescens {Chondro¬ 
myces) y 1037, 1039 

auraniibutyricum (Clostridium), 819 

aurantii (Bacillus) y 674 

auraniii (Bacterium), ^74 

aurantinum (Flavobacterium), 440 

aurantmus (Bacillus), 44Q 

aurantium (Plocamobacterium)y 674 

aurantium roseum (Bacterium), 392, 674 

aurantius (Bacillus), 649, 738, 739 

aurantius (Cellulomonas), 739 

aurea (Actinomyces), 943, 968 

aurea (Nocardia), 968 

aurea (Oospora), 968 

aurea (Pseudomonas), 146, 697 

aurea (Sarcina), 290 

aurea (Slreptothrix), 968 

aureo-Jlavus (Bacillus), 674 

aurco Jlavus (Bacterium), 674 

Aurcogenus, 1164 

(luresccns (Bacillus), 440, 474, 674 

nurescens (Bacterium), 440, 445, 484, 674 

auiescens (Flavobacterium), 440 

nurescens (Saicina), 290 

nurescens var mucosa (Sarcina), 290 

aureum (Bacterium), 674 

aurcum (Polyangiuin), 1031 

aureum (Spirillum), 203 


aureum (Spirosoma), 203 
aureus (Actinomyces), 943, 968, 977 
aureus (Aurococcus}, 241 
aureus (Bacillus), 649, 674, 716 
aureus (Flexihacter), 38 
aureus (Micrococcus), 241, 251, 252, 253, 
254, 256, 258, 265, 266, 268, 269, 271, 
276, 279 

aureus (Myxobacter), 1026 
aureus (Staphylococcus), 241, 1140, 1141 
aureus (Streptomyces), 943 
aureus (Vibrio), 203, 204 
aureus var. egui (Staphylococcus), 253 
aureus lactis (Micrococcus), 253 
aureus rninuhssimus (Bacillus), 663 
aureus sarciniformis [Staphylococcus), 
281 

aufi^j (Bacillus), 402 
auris (Corynebacterium), 402 
Aurococcus, 8, 235 
aurogenes (Bacillus), 617 
aurogenes (Cellulomonas), 617, 622 
aurogenes var. albus (Bacillus), 622 
australiense (Lethum), 1223 
ausiraliense var. lethale (Lethum), 1224 
australiense var. typicum (Lethum), 1224 
australiensis ^Chlorogenus), 1147 
autumnalis (Leptospira), 1078 
autumnalis (Spirochaeta), 1078 
autumnalis A (Spirochaeta), 1078 
autumnalis Type B (Lepiospun), 1077, 
1078 

auxinophilum (Bacterium), 145 
avadi (Actinomyces), 915, 924 
avenae (Bacillus), 116 
avenae (Fractilinea), 1162 
avenae (Phytomonas), 116 
avenae (Pseudomonas), 116 
avicida (Pasleurella), 647, 552, 642 
avicidum (Bacterium), 546, 547 
avtcidus Coccobacillus), 547 
avidum (Corynebacterium), 388, 402 
avidus (Bacieroides), 380, 402 
avidus (Vibrio), 702 
aviseptica (Pasteurella), 523 , 547 
avisepticum (Bacterium), 547 
avisepticus (Bacillus), 530, 547 
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avium (Bacillus) ^ 400 
avium (Bacterium), 674 
avium (Borreliota), 1229 
avium (Mycobacterium), 878,879,880 
avium (Pasteurdla), 547 
avium (Rickettsia), 1095 
avium (Strongyloplasma), 1229 
avium (Tarpeia), 1274 
azoticus (Bacillus), 772, 824 
Azotobacter, 19, 21, 26, 29, 31, 216, 219,. 
221 

azotobacter (Bacillus), 219 
azotogena (Pseudomonas), 697 
Azotomonaa, 8, 219, 221 
azureus (Bacillus), 649 

habesi (Bacillus), 649 
babesi (Neisseria), 254, 696 
Babesia, 312 
babesii (Bacterium), 674 
baccarinii (Bacillus), 466 
baccarinii (Clostridium), 478 
baccatus (Micrococcus) (Sarcina), 253 
bacillifera (Pelogloea), 871 
bacilliformis (Bartonella), 1101,1105 
bacilliformis (Bartonia), 1101 
bacillosum (Amoebobacter), 849 
Bacillus, 6, 7,13,15,18,19, 22, 27, 30, 31, 
42, 43, 46, 63, 76,179, 632, 643, 704, 706, 
763, 1008 

Bacillus I, Bienstock, 755 

Bacillus II, Bienstock, 753 

Bacillus II, Leube, 668 

Bacillus a, Guillebeau, 662 

Bacillus a, b, c, d, e, f, hand i, Vignal, 647 

Bacillus A, Grigoroff, 354 

Bacillus A, Maggiora, 671 

Bacillus B, HoiTmann, 749 

Bacillus B, Maggiora, 661 

Bacillus D, Foutin, 744 

Bacillus D, Peters, 741 

Bacillus G, Maggiora, 650 

Bacillus H, Maggiora, 662 

Bacillus X, Moore and White, 726 

Bacillus a, Busse, 639 

Bacillus a, von Freudenreich, 356 

Bacillus y, von Freudenreich, 358 


Bacillus d, von Freudenreich, 360 
Bacillus €, von Freudenreich, 352 
Bacillus No. 18, Conn, 760 
Bacillus No. 26, Conn, 753 
Bacillus No. 41 , Conn, 423 
Bacillus No. 2, Fulles, 668 
Bacillus No. 2, Kedrowski, 814 
Bacillus No. S, Pansini, 718 
Bacillus No. 6, Pansini, 710 
Bacillus No. 8, Pansini, 738 
Bacillus No. XVI, Adametz, 718 
Bacillus No. XVII, Adametz, 760 
Bacillus No. I, Fliigge, 716, 725 
Bacillus No. II, Fltigge, 741 
Bacillus No. Ill, Fltigge, 738 
Bacillus No. IV, Fltigge, 744 
Bacillus No. V, Fltigge, 716 
Bacillus No. VI, Fltigge, 743 
Bacillus No. VII, Fltigge, 747 
Bacillus No. VIII, Fltigge, 748 
Bacillus No. IX, Fltigge, 710 
Bacillus No. X, Fltigge, 709 
Bacillus No. XI, Fltigge, 743 
Bacillus No. XII, Fltigge, 755, 761 
Bacillus of swine plague, 508 
Bacillus sp., Sordelli, 777 
Bacteridium, 6, 43, 705 
Bacterienart No. IS, Jjembke, 745 
bacterifera (Cylindrogloea), 874 
Bacteriophagum, 1128, 1129 
bacteriophagus (Protobios), 1129 
Bacteriopsis, 179, 365 
Bacterium, 5, 7, 10, 13, 15, 17, 18, 19, 28, 
30, 37, 42, 46, 76, 82,179, 435, 696, 597, 
599,612, 694,705,763 
Bacterium A, Peters, 657 
Bacterium B, Peters, 664 
Bacterium of hog cholera, 508 
Bacterium of swine plague, 508 
Bacteroidea, 20 

Bacteroides, 22, 23, 27, 31, 32, 218, 365, 
664, 763, 1296 
Bactoderma, 76 
Bactrella, 705 
Bactridium, 1, 705, 763 
Bactrillius, 83 

Bactrillum, 7, 13, 25, 27, 82, 705 
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Bacirinium, 7, 82, 705 
Baetrinius, 83 
hadiita (Bacillus) f 739 
badiua (Micrococcus) y 253 
bahiensis (Actinomyces), 919 
bahiensis (Discomyces), 919 
bahiensis (Nocardia), 919 
bahiensis (Oospora), 919 
balaenae (Clostridium), 775, 819 
balanitidis (Spirochaeta); 1065 
balanitidis (Spironema), 1065 
balanitidis (Spiroschaudinnia), 1065 
balanitidis (Treponema), 1065 
balbianii (liacilhis), 674 
balbianii (liacieriumK 671 
balbianii fCriatispira), 1066, 1056, 1057 
balbianii (Spirochaeta), 1055 
balbianii (Trypanosoma), 1055 
balcanus (Bacillus), 739 
balfourii (Grahamella), 1109 
Balkanclla, 10 
ballerup (Salmonella), 529 
balticum (Photohacirrinm) 635,636 
balticus (\ibrtn), 636 
balustinum (Flavobactenuni), 437 
bamptomi (Chromohadcnim), 234 
bantam (Salnwnella), 523 
barati (Injlabilis), 823 
barbarcae (Pkytonwnas), 154 
barbareae (Xanthoiiionas), 164 
barbatum (Bacterium), 761 
barbitislcs (Bacillus), 739 
baregensis purpureus (Micrococcus), 253 
bareilly (Salmonella), 511 
bareilly var. mikawasima (Salmonella), 
511 

barentsianum (Bacterium), 674 
barkeri (Bacillus), 129 
barkeri (Bacterium), 129 
barkeri (Phytomonas), 120 
barkeri (Pseudomonas), 129, 134 
Bartonella, 37, 1100, 1102, 1109 
Bartonella sp,, 1108 
Bartonia, 1100 
bataiae (Bacillus), 739 
hatavia (Salmonella), 524 
bataviae (Tjeptospira), 1078 


batrachoruin (Arthromitus), 1003 
batrachorum (Bartonella), 1108 
hatrachorum (Haemobartonella), 1108 
batrochorum (Micrococcus), 1123 
bauri (Bacterium), 108 
beaufortensis (Pseudomonas), 697 
beckii (Bacterium), 552 
beddardii (Actinomyces), 963 
beddardii (Streptomyces), 963 
Beggiatoa, 12, 16, 18, 19, 24, 26, 42, 988, 
990, 993, 994,1007 
beggiatoides (Oscillatoria), 992 
hegoniae (Bacterium), 155 
bcgoriiae (Phytomonas), 155 
begoniac (Xanthomonas), 166 
heigeliana (Zoogloea), 2.53 
heigelianum (Sclerotium), 253 
hrifjHli (Chlamydatomus), 253 
hcKjdii (Hyalococcus), 253 
heigehi (Micrococcus), 253 
beigelti (Pleurococcus), 253 
Imgelii (Trichosporum), 253 
beijerincki (Bacillus), 356, 650 , 691 
beijenncki (Bacterium), 674 
heijerinckii (Azotobacter), 219 
beijerinckii (Clostridium), 772 
heijerinckii (Lactobacillus), 357 
})eijerinckii (Pseudomonas), 109 
heijerinckii (Rhizobium), 225 
heijerinckii (Rhizomonas), 225 
beijerinckii (Sarcina), 286 
heijerinckii (Thiobacterium), 81 
beijerinckii (Urobacillus), 691 
beijerinckii (Vibrio), 203 
beijerinckii var. jacobsemi (Thiobac- 
\ terium), 81 

^ekkerii (Mycobacterium), 890 
betfanti (Bacillus), 649, 803 
belfantii (Clostridium), 803 
beljantii (Endosporus), 649, 803 
helfasiiensis II (Bacillus), 533 
helfastiensis V (Bacillus), liM 
belfastiensis (Bacterium), 533 
helfastiensis (Eberthella), 533 
hellisari (Actinomyces), 968 
bellonensis (Bacillus), 777, 825 
bellonensis (Clostridium), 778 
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bell us {Bacillus)^ 739 
belorinensis (Bacillus), 360 
bemisiac (Ruga), 1219 
bentolensis (Bacillus), 533 
bentotensis (Bacterium), 533 
bentolensis (Castellanus), 533 
bentotensis (Eberthella), 533 
benzoli (Bacillus), 649 
benzoh q and b (Bacterium), 674 
berardinisi (Discomyces), 91S 
berardinisi (Nocardia), 918 
berbera (l^orrelia), 1061 
berbera (Spirochaeta), 1061 
berbera (Spironema), 1061 
berbera (Spiroschaudinnia), 1061 
berberidis (Bacterium), 115 
berberidis (Phytomonas), 115 
berberidis (Pseudomonas), 116 
berberum (Treponema), 1061 
berestneffi (Nocardia), 919 
berestneffii (Actinomyces, 919 
berestneffd (Discomyces), 919 
bercstnewi (Bacillus), 918 
bergerac (Annulus), 1213, 1216 
beri’beri (Micrococcus), 253 
beribericus (Bacillus), 649 
bernardimsi (Actinomyces), 918 
bernensis (Bacillus), 739 
berolinensis (Bacillus), 234, 360, 650 
berolinensis (Lactobacillus), 360 
berolinensis (Microspira), 196 
berolinensis (Mycobacterium), 888, 890 
berolinensis (Pseudomonas), 697, 698 
berolinensis (Vibrio), 196, 204 
berolinensis fasciformis (Saccharo 
bacillus), 360 

berolinensis indicus (Bacillus), 697 

berolinensis indicus (Bacterium), 697 

berta (Salmonella), 518 

bertherandi (Coniotheciurn), 289 

besseri (Bacterium), 674 

bessoni (Kurthia), 613 

beta (Bacillus), 650, 739 

beta (Micrococcus), 269 

beta (Nocardia), 976 

beta (Phagus), 1141 

beta (Scelus), 1237 


beta (Streptothriz). 976 
beta (Tarpeia), 1270 
Betabactenuin, 9, 30, 360 
Betacoccus 9, 30, 346 
betadelbrneckti (Lactobacillus), 363 
betae (Bacillus), 477, 639 
betae (Bacterium), 144, 639 
betae (Butylohacter), 781, 825 
betae (Coriuin), 1204 
betae (Marmor), 1178 
betae (Myxobacillus), 762 
betae (Myxococcus), 348 
betae (Phytomonas), 144 
betae (Savoia), 1221 
betae viscosum (Bacterium), 674 
betainovorus (Bacillus), 739 
betanignficans (Bacillus), 739 
beticola (Bacillus), 478 
beticola (Bacterium), 478 
beticola (Phytomonas), 153 
beticola (Pseudomonas), 153, 1134 
beticola (Xanthomonas), 163, 230 
beticolum (Bacterium), 153 
betivora (Erwinia), 468 
betirorus (Bacillus), 468 
betle (Aplanobacter), 130 
betle (Bacterium), 130 
teths (Phytomonas), 130 
betlis (Pseudomonas), 130 
hiacutum (Bacillus), 739 
biacutum (Fusobacterium), 682 
biacuius (Fusifornus), 582 
hiazotea (Cellulomonas), 617 
hiazoteus (Bacillus), 617 
bibula (Cellulomonas), 615 
bibulum (Bacterium), 616 
hibulus (Bacillus), 615 
hicolor (Actinomyces), 919 
bicolor (Micrococcus), 254 
bicolor (Nocardia), 919 
bicolor (Sarcina), 290 
bienstocki (Putrificus), 799 
bienstockii (Bacillus), 544 
bienstockii (Bacterium), 544 
bienstockii (Eberthella), 544 
bienstockii (Shigella), 544 
bifermentans (Bacillus), 787 
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bifermentans (Clostridium), 309, 782, 
787. 818, 825 

bifermentans {Martellillm), 787 
bifermentans sporogenes (Bacillus), 787 
bifida (Lieskeella) y 986 
bifida (Nocardia)y 353 
Bifidibacterium, 34, 38, 369 
Bifidobacterium, 349, 389 
bifidum (Bacterium), 354 
bifidum (Bifidibacterium), 353, 369 
bifidus (Actinomyces), 353 
bifidus (Bacillus), 353 
bifidus (Bacteroides), 353, 354 
bifidus (Cohnistreptothrix), 353 
bifidus (Lactobacillus), 363, 354 , 369 
bifidus II (Lactobacillus), 354 
bifidus aerobius (Bacillus), 361 
bifidus capitatus (Bacillus), 361 
bifidus communis (Bacillus), 353, 361 
bifilaris (Lieskeella), 986 
biflexa (Leptospira), 1077, 1078 
bifiexa (Spirochaeta), 1077 
biforme (Eubacterium), 368 
biformis (Bacteroides), 362, 368 
bifurcatum (Bifiiibactenumy, 369 
bifurcatus gazogenes (Bacillus), 369 
biliohemoglobinuriae (Leptospira), 1078 
hilio-hemoglobinuriae (Spirochaeta), 1078 
Billetia, 680 
billingsi (Bacillus), 650 
billrothii (Ascococcus), 254 
billrothii (Micrococcus), 254 
binucleatum (Bacterium), 760 
bipolare multocidum (Bacterium), 547 
hipolaris (Bacillus), 548, 718 
bipolaris bovisepticus (Bacillus), 547 
bipolans bubalisepticus (Bacillus), 548 
bipolaris caprisepticus (Bacillus), 553 
hipolaris ovisepticus (Bacillus), 554 
bipolaris plurisepticus (Bacillus), 546 
bipolaris septicus (Bacillus), 546, 547 
bipunctata (Macromonas), 997, 1001 
bipunciata (Pseudomonas), 997, 1(X)1 
bipunctata (Thiospira), 212 
bipunctatum (Spirillum), 212 
biskra (Micrococcus), 254 
biskrae (Staphylococcus), 254 


hispebjerg (Salmonella), 506 
bizzozerianus (Bacillus), 743 
blackwellii (Actinomyces), 910 
blackwellii (Norardia), 910 
blanct (Rickettsia), 1088 
blarinae (Grahamella), 1110 
blarinae (Haemobartonella), 1107 
blasticus (Chondrococcus), 1008,1046 
Blastocaulis, 35, 836 
blattellae (Corynebacteriuin), 402 
blegdam (Salmonella), 518 
bleischti (Bacillus), 533 
boas-oppleri (Lactobacillus), 352 
bobiliae (Actinomyces), 937 
bobiliae (Streptomyces), 937 
baleli (Micrococcus), 254 
l)oIetu8 (Melittangium), 1006, 1034 
hollingeri (Pasteurella), 647 
bologriesn-chiurcoi (Actinomyces), 915 
bolognesii-chiurcoi (Malbrachea), 915 
bombycis (Aerobacter), 490 
bombycis (Bacillus), 650, 739 
bombycis (Bacterium), 650 
bombycis (Borrelina), 1226 
bombycis (Chalmydozcon), 1226 
bombycis (Diplococcus), 336 
bombycis (Micrococcus), 254 
bombycis (Microzyma), 254 
bombycis (Nosema), 254 
bombycis (Proteus) ,■ 

bombycis (Streptococcus), 254, 265, 337 
bombycis non-liquefaciens (Bacillus), 739 
bombycivorum (Bacterium), 490 
bombycoides (Bacillus), 739 
bombysepticus (Bacillus), 739 
bonariensis (Leptospira), 1078 
bonariensis (Salmonella), 514 
bonhoffii (Microspira), 202 
bonvicini (Streptococcus), 337 
bookeri (Alcaligenes), 416, 416 
bookeri (Bacillus), 415, 650 
bookeri (Bacterium), 415 
horbeck (Salmonella), 527 
borborokoites (Bacillus), 739 
bordonii (Bacterium), 691 
bordonii (Klebsiella), 691 
boreale (Bacterium), 626 
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haredU (Flaiiobactmum), 626 
boreopolis (Pseudomonas), 94 
horeus (HierococeuB), 254 
bornensis (Erro), 1266 
BorreUa, 19, 34, 35, 37, 42,1057, 1068 
Borrelina, 1286 
Borreliota, 1229 
BorrelomyceSf 1291 
harMteUnais (Badlltia), 739 
hoaporum {Bacterium)^ 145 
baaaania (Bacterium), 675 
hoairoemi (Actinomyces), 970 
hotkini (Bacillus), 813 
hotryogenus (Micrococcus), 253 
Botryomyces, 235 
Botulinea, 20 

botulinum (Clostridium), 778 , 784 
hoivlinumD (Bacillus) (Clostridium), 779 
botulinum Type A (Clostridium), 784 
botulinum Type B (Clostridium), 784 
botulinum Type C -(Clostridium), 779 
botulinum Type D (Clostridium), 779 
botulinum Type E (Clostridium), 779 
Botulinua, 20, 22, 763 
botulinus (Bacillus), 778 
botulinus (Ermengemillus), 778 
botulinus Type C (Bacillus), 779 
Botulohacillus, 8, 763 
bouffardi (Pasteurella), 553 
boutrouxii (Bacillus), 675 
boutrouxii (Bacterium), 675 
bovicida (Bacterium), 648 
bovidae (Treponema), 1076 
Bovimyces, 1291 
bovina (Listerella), 409 
bovinum (Scelus), 1239 
hovinus (Micrococcus), 254,337 
bovinus (Streptococcus), 337 
bovis (Actinomyces), 926 , 926, 927 
bofois (Bacillus), 652 
bovis (Bacterium) 675 
bovis (Bartonella), 1106 
bovis (Betacoccus), 347 
bovis (Cladothrix), 925 
bovis (Corynebacterium), 390 , 391 
bovis (Corynathrix), 401 
bovis (Discomyces), 925 


bovis (EkrlicMa), 1096 
bovis (Orahamella), 1110 
bovis (Haematococcus), 254 
bovis (Haemobartonella), 1106 
bovis (Hemophilus), 591 
boHs (Leptospira), 1078 
bovis (Leuconostoc), 347 
bovis (Micrococcus), 264 
bovis (Molitor), 12^ 
bovis (Moraxella), 691 
bovis (Nocardia), 925 
bovis (Oospora), 925 
bovis (Proactinomyces), 925 
bovis (Rickettsia), 1095 
bovis (Sphaerotilis), 925 
bovis (Staphylococcus), 264, 281 
bovis (Streptococcus), 320, 821 , 322 
6ovta (Streptothrix), 925 
bovis (Tortor), 1276 
bovis var. nigerianus (Actinomyces), 968 
bovis albus (Aciiru>myces), 968 
bovis-caffris (Spirochaeta), 1066 
bovis-caffris (Spironema), 1065 
bovis communis (Streptothrix), 926 
bovis farcinicus (Actinomyces), 896 
bovis luteoroseus (Actinomyces), 971 
bovis morbificans (Bacillus), 614 
bovis-morbificans (Salmonella), 614 
bovis suljureus (Actinomyces), 925 
boviseptica (Pasteurella), 547 
bovisepticus (Bacillus), 547 
bovisepticus (Bacterium), 547 
bovium (Pasteurella), 547 
bowlesiae (Pseudomonas), 126 
bowlesii (Bacterium), 125 
bowlesii (Phytomonas), 125 
Brachybacterium, 312, 349 
brachysporum (Bacterium), 759 
brachythrix (Bacillus), 650 
braenderup (Salmonella), 511 
brandenburg (Salmonella), 505 
brandenburgensis (Salmonella), 605 
brandenburgiensis (Bacillus), 726 
brandti (Bacterium), 108 
branhamii (Micrococcus), 303 
brasiliensis (Actinomyces), 918 
braailiensis (Discomyces), 918 
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hroiiliensia (Escherichia), 452 
brasilien9is (Nocardia), 918 
brasiliensis (Oospora), 918 
brasiliensis (Rickettsia), 1087 
brasiliensis (Streptothrix), 918 
brassicae (Bacillus), 675, 714, 718 
brassicae (Bacterium), 357, 675, 714 , 718 
brassicae (Borrelina), 1827 
brassicae (Lactobacillus), 357 
brassicae (Marmor), 1177 
brassicae acidae (Bacterium), 146, 675 
brassicae acidae (Pseudomonas), 146 
brassicae fermentatae (Bacillus), 358 
brassicaevorus (Bacillus), 477 
bredemannii (Bacillus), 739 
bredeney (Salmonella), 507 
breitfussi (Bacterium), 675 
breslau (Salmonella), 502 
breslaviensis (Bacillus), 502 
breslaviensis (Bacterium), 502 
breve (Bacterium), 439 
breve (Betabacterium), 358 
breve (Flavobacterium), 489 
brevis (Bacillus), 439, 725 , 739, 744 
brevis (Lactobacillus), 358 , 359, 361, 363 
brevis (Streptococcus), 337, 696 
brevis o (Bacillus), 716 
brevis non hemolyticus (Streptococcus), 

338 

brevis var. rudensis (Lactobacillus), 357. 

359 

brevissimum (Bacterium), 675 
Brevistreptothrix, 892, 925 
Briareus, 1233 
briensis (Nitrospira), 72 
brightii (Streptococcus), 338 
briosianum (Bacterium), 639 
briosii (Bacterium), 145 
bronchiole (Treponema), 1065 
bronchialis (Actinomyces), 922 
bronckialis (Discomyces), 922 
bronchialis (Oospora), 922 
bronchialis (Spirochaeta), 1065 
bronchialis (Spiroschaudinnia), 1065 
bronchicanis (Bacillus), 562 
bronchicanis (Bacterium), 562 
bronchiseptica (Brucella), 862 


bronchisepticus (Alcaligenes), 416, 562 
bronchisepticus (Bacillus), 562 
bronchisepticus (Bacterium), 562 
hronchitica (Ariaeromyces), 926 
bronchitica (Cohnisireptothrix), 926 
hronchitidis (Bacillus), 739 
bronchitidis putridae (Bacillus), 739 
bronchopneumoniae (Ehrlichia), 1118 
bronchopneumoniae (Miyagawanella), 
1118 

Brucella, 17, 26, 32,42, 43, 660 , 562 
Brucella melitensis var. melitensis, 561 
hrumptii (Grahamella), 1110 
bruneum (Corynebacterium), 403 
bruneum y arborescens (Bacterium), 403 
bruneus (Bacillus), 740 
bruni (Actinomyces), 923 
bruni (Discomyces), 923 
bruni (Nocardia), 923 
brunneoflavum (Bacterium), 675 
brunneoflavus (Bacillus), 675 
brunneum (Bacteridium), 650 
brunneum (Bacterium), 650, 680, 737, 740 
brunneum (Flavobacterium), 440 
brunneus (Bacillus), 440, 650, 737, 740 
brunneus (Micrococcus), 675 
brunneus rigensis (Bacillus), 430 
bruntzii (Bacillus), 644 , 645 
bruntzii (Serratia), 644 
bubalorum (Clostridium), 778, 825 
bubalseptica (Bacillus), 548 
hubalseptica (Pasieurella), 548 
bucallis (Bacterium), 440 
buccale (Bacterium), 365, 440 
buccale (Borrelia), 1062 
buccale (Spirillum), 1062 
buccale (Spironema), 1062 
buccale (Treponema), 1062 
buccalis (Actinomyces), 922 
buccalis (Ascococcus), 693 
buccalis (Bacillus), 365, 650 
buccalis (Discomyces), 922 
buccalis (Flavobacterium), 440, 647 
buccalis (Leptospira), 1079 
buccalis (Leptothrix), 365, 366 
buccalis (Leptotrichia), 364 , 365 
buccalis (Micrococcus), 329 
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buccalia (Microapira), 1062 
buccali^ (Molitor), 1242 
buccalia (NocaTdia)^ 922 
buccalia {Ooapora)^ 922 
buccalia {Raamuaaenia), 365 
buccalia (Spirochaeta) ^ 1062, 1065 
buccalia {Spiroachaudinnia), 1062 
buccalia (Streptococcua), 338 
buccalia (Streptothrix), 923 
buccalia (SyTicrotis) j 365 
buccalia (Vibrio), 203 
buccalia fortuilua (Bacillus), 647, 650 
buccalia fortuitua (Bacterium), 650 
buccalia minutua (Bacillus), 440 
buccalia minutua (Bacterium), 440 
buccalia muciferena (Bacillus), 650 
buccalia aepticua (Bacillus), 650 
bucco-pharyngei (Spirochaeta), 1065 
bucco-pharyngei (Treponema), 1065 
buchneri (Bacillus), 359 
buchneri (Lactobacillus), 369, 695 
buchneri (Ulvina), 695 
budapeat (Salmonella), 505 
budayi (Bacillua), 791 
bufo (Agarbacterium), 628 
bufonia (Spirochaeta), 1066 
bufonia (Spironema), 1066 
bufonia (Spiroachaudinnia), 1066 
bufonia (Treponema), 1066 
bvlboaa (Vibrio), 203 
bulgaricum (Acidobaciertum), 354 
bulgaricum (Bacterium), 354, 687, 695 
bulgaricum (Plocamobacterium), 354 
bulgaricum (Thermobacterium), 354 
bulgaricua (Bacillus), 354 
bulgaricus (Lactobacillus), 364, 362, 364, 
695 

bullata (Mycoplana), 191 

bulloaum (Bacterium), 675 

bulloaua (Bacillus), 580 

bulloaus (Bacteroidea), 580 

bulloaua (Spherocillua), 580 

burchardti (Micrococcus), 254 

burgeri (Bacillua), 116 

burneti (Rickettsia), 1092 

burneti (Rickettsia) (Coxiella), 1092 

burneti var. ameiicana (Rickettsia), 1092 


QENERA AND SPECIES 

burnetii (Coxiella), 1090,1092 
burri (Bacillua), 726 
buaae aaiaticae (Bacterium), 357 
buaaeaaiaticua (Lactobacillus), 357 
buasei (Bacillua), 477 
buaaei (Erwinia), 477 
butantan (Salmonella), 524 
butlerovii (Bacillua), 740 
biitschlii (Bacillua), 740, 742, 744 
hutylaceticum (Bacillus), 781, 825 
Butylbacillua, 771 
butylicum (Amylobacter), 771, 813 
butylicum (Clostridium), 771 
butylicum (Granulobacter), 771, 824 
butylicua (Bacillus), 680, 771, 824 
buiylicua B. F. (Bacillus), 781, 825 
Butylobacter, 763 
butyri (Achromobacter), 421 
Buiyribacillua, 8, 763 
butyri (Bacillus), 650 
butyri I (Bacillus), 650 
butyri II (Bacillus), 659 
Butyribacterium, 368, 380, 402 
butyri (Diplococcus), 254 
butyri (Flavobacterium), 440 
butyri (Mycobacterium), 890 
butyri (Micrococcus), 254 
butyri (Pseudomonas), 146, 697 
butyri aromafaciens (Bacillus), 421 
butyriaromafaciens (Bacterium), 421 
butyri-aromafactens (Micrococcus), 421 
butyri colloideum (Bacterium), 676 
butyri fluorescens (Bacillua), 146 
butyri fluorescens (Bacterium), 697 
butyri fluorescens (Micrococcus), 254 
butyrica (Botulinea), 22 
butyrica (Sarcina), 290 
Butyri Clostridium, 11, 763 
butyricum (Bactridium), 771, 819, 824 
butyricum (Clostridium), 716, 770, 771, 
772, 781, 813, 824, 825 
butyricum (Mycobacterium), 888, 890 
butyricum I (Clostridium), 771 
butyricum II (Clostridium), 771 
butyricum III (Clostridium), 771 
butyricum iodophilum (Clostridium), 772, 
824 
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butyricum var. americanum (Clostri¬ 
dium) ^ 819 

bulyricus (Bacillus)^ 716, 727, 740, 770, 
813, 820 

bulyricus (Micrococcus) ^ 254, 338 
bulyricus (Streptococcus)^ 338 
bulyricus (Tetracoccus), 254 
bulyricus asporogenes immobilis (Bacil¬ 
lus), 790 

bulyricus dimorphus (Bacillus), 813 
bulyricus putrefaciens (Bacillus), 799 
Bulyrisarcina, 29, 30, 31, 285 
byzanlinea (Brucella), 693 
byzantineum (Coccohacierium), 693 

cacaoi (Actinomyces), 951 
cacaoi (Streptomyces), 961 
Cacospira, 12, 13, 28, 1058 
cacticida (Erwinia), 478 
caclicidus (Bacillus), 478 
cactivorum (Bacterium), 613 
cadaveris (Bacillus), 669, 675, 791, 799 
cadaveris (Bacterium), 675, 791 
cadaveris (Clostridium), 791 
cadaveris (Euhacierium), 367, 791 
cadaveiis (Plectridium), 799 
cadaveris (Streptococcus), 338 
cadaveris butyricum (Bacterium), 791 
cadaveris hutyricus (Bacillus), 367, 380, 
791, 826 

cadaveris grandis (Bacillus), 813 
cadaveris sporogenes (Bacillus), 799 
cadaveris sporogenes (anaerohicus) (Ba¬ 
cillus), 799, 826 
Caduceus, 33, 34, 763 
caducus (Phagus), 1141 
caeci (Bacillus), 650 
oaesia (Cclluloinonas), 619 
caesirae reiortiformis (Spirochaeta), 1066 
caesirae septentrional is (Spirochaeta), 
1066 

caesius (Bacillus), 619 
cajae (Coccobacillus), 690 
cajus (Bacillus), 690 
calceum (Ferribacterium), 8^14 
calceum (Siderobacter), 834 
calceus (Bacillus), 834 


calciphila (Pseudomonas), 146 
calciprecipitans (Pseudomonas), 108 
calcis (Bacterium), 108 
calcis (Pseudomonas), 108 
calco-acetica (Pseudomonas), 146 
calco-aceticus (Micrococcus), 255 
calendulas (Bacterium), 133 
calendulas (Phytomonas), 133 
calendulae (Pseudomonas), 133 
calf actor (Bacillus), 740 
calidolactis (Bacillus), 732 
calidus (Bacillus), 732 
California (Salmonella), 505 
californicus (Actinomyces), 936 
californicus (Streptomyces), 936 
calligyra (Spirochaeta), 1072 
calligyrum (Treponema), 1072 
callistephi (Chlorogenus), 1146 
callistephi var. attenuatus (Chlorogenus), 
1147 

callistephi var. californicus (Chloroge¬ 
nus), 1147 

caloritolerans (Clostridium), 797 
calontolerans (Plectridium), 797 
Calymmatohactenum, 14, 457 
cameli (Actinomyces), 915 
cameli (Oospora), 915 
cameli (Streptothrix), 915 
camelidae (Treponema), 1076 
campeneus (Micrococcus), 255 
campestre (Marmor), 1202 
campestre var. armor aciae (Bacterium), 156 
campestre var. galbinum (Marmor), 1202 
campestre var. typicum (Marmor), 1202 
campesiris (Bacillus), 155 
campestris (Bacterium), 155 
campesiris (Phytomonas), 155 
campestris (Pseudomonas), 155 
campestris (Xanthomonas), 156, 156, 
160, 164, 178, 1134, 1136 
campestris var. armoraciae (Phytomo¬ 
nas), 156, 

campestris var. armoraciae (Xanthomo¬ 
nas), 156, 164 
canadensis (Bacillus), 759 
canadensis (Bacterium), 759 
canadiense (Clostridium), 819 
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canalcnsia (Badllua), 651 
eanaliculaiua (Baeillua), 740 
canalia (Bacterium), 675 
eanalia (Microapira), 202 
canalia capaulatua (Badllua), 675 
eanalia capaulatua (Bacterium), 675 
eanalia parvum (Bacterium), 675 
caruilia parvua (Bacillua), 675 
canarienaia (Bacillua), 530 
canaatel (Salmonella), 521 
eanceria (BaciAua), 740 
caneroai (Bacterium), 587 
candicana (Achromohacter), 423 
candicana (Albococcua), 255 
candicana (Bacillua), 423 
candicana (Bacterium), 423 
candicana (Coccua), 261 
candicana (Mierococcua), 251, 252, 255, 
257, 258, 250, 260, 262, 263, 264, 268, 

269, 270, 273, 274, 275, 276, 277, 278, 

279, 280, 281 

candicana (Staphylococcua), 255 
Candida (Nocardia), 968 
Candida (Sareina), 290 
Candida (Streptothrix), 934, 970 
Candidas (Actinomyces), 968 
Candidas (Bacieriuml, 401 
Candidas (Discomycea), 968 
candidua (Micrococcus), 239, 251, 252, 
253, 254, 255, 256, 258, 264, 265, 267, 

269, 270, 271, 272, 274, 275, 278, 279, 

281, 282 

candidua (Staphylococcus), 239, 282 
canescens (Albococcua), 255 
eaneacena (Micrococcus), 255 
canescens (Sareina), 290, 291 
eaneacena (Staphylococcua), 255 
caneus (iMciohacillus), 363 
eanicida (Bacterium), 553 
canicola (Leptospira), 1077, 1079 
canidae (Treponema), 1076 
eanina (Palmula), 812 
eanina (Spirochaetd), 1066 
eaninus (Acuformia), 812 
caniperda (Bacillus), 740 
cams (Actinomyces), 915 
cants (Aaterococcus), 1292 


cants (Bacterium), 740 
cants (Bartonella), 1104 
cants (Cladothrix), 915 
cants (Corynethrix), 406 
cants (Ehrlichia), 1096 
cants (Ehrlichia) (Rickettsia), 1095 
canis (Haemobartonella), 1104, 1105, 
1106 

cants (Hemophilus), 587 
cants (Nocardia), 915 
cants (Oospora), 915 
cants (Ricketiaia), 1095 
cania (Spirella), 217 
cants (Spirochaeta), 1066 
cants (Streptothrix), 915 
canis (Tarpeia), 1272 
cania familiaria (Pleuromycea), 915 
cants lupus (Orahamella), 1110 
caniaeptica (Paateurella), 553 
cannabinua (Bacillua), 813 
cannae (Bacterium), 171 
eannae (Phytomonaa), 171 
cannae (Pseudomonas), 171 
cannae (Xanthomonas), 171 
cantabridgenais (Ascococcua), 250 
canus (Bacillua), 651 
canus (Micrococcus), 2ffl 
capillaceua (Bacillua), 740 
capillorum (Micrococcus), 255 
capillorum (Palmella), 255 
capillorum (Palmellina), 255 
capillorum (Zoogloea), 255 
capilloaa (Riatella), 577 
eapilloaus (Bacillus), 577 
capitovale (Clostridium), 795 
capitovalis (Bacillua), 795 
capitovalis (Plectridium), 795 
cappelletti (Streptococcus), 317 
caprae (Actirwmycea), 899 
eaprae (Cladothrix), 899 
caprae (Discomycea), 899 
caprae (Nocardia), 899 
caprae (Oospora), 899 
caprae (Streptothrix), 899 
capri (Bacillus), 714 
capriformis (Micrococcus), 255 
eaprinus (Streptococcus), 338 
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capr-caio 


eapri$epiica {PoBteurella), 563 
eapriuptieuB (BocHIub), ^ 
eaprogenes (Bacterium), 753 
eaprogenes foetidue (Bacillus j, 753 
eaproieum (Clostridium), 820 
capsaforrmns (Micrococcus), 255 
capsid (BadUus), 740 
Capstdaris, 33, 34, 577 
capsulala (Klebsiella), 459 
capsulata (Pseudomonas), 93, 146 
eapeulata (Rhodosphaera), 865 
capsulatum (Acetobacter), 189 
capsulatum (Baetedum), 459 
capsulatum (Rhodobacierium), 863 
capsulatum (Rhodonostoc), 864 
eapsulatus (Bacillus), 459 
capsulatus (Bacterium), 691 
eapsulatus (Diplococeus), 308 
capsulatus (MyeoeocciLs),^! 
capsulatus (Rhodococcus), 8, 865 
capsulatus (Rhodopseudomonas), 864, 
866 

capeulatus (Rhodorrhagus), 865 
capsulatus (Streptococcus), 308, 33$ 
eapsulatus aerogenes (Bacillus), 789, 790 
eapsulatus anaerobius (Badllus), 790 
eapsulatus chinensis (Bacillus), 456 
eapsulatus gallinarum (Streptococcus), 
338 

eapsulatus margarineus (Diplococeus), 
662 

eapsulatus mucosus (Bacillus), 459 
capsulatus mucost^ (Bacterium), 459 
eapsulatus pyaemias cuniculi (Bacillus), 
459 

eapsulatus septicus (Badllus), 691 
capsulatus septicus (Bacterium), 691 
capsulatus septicus (Proteus), 691 
earabiformis (Badllus), 651 
caraidca (Microspira), 636 
caraibicum (Photobacterium), 636 
carateum (Treponema), 1078 
carbo (Micrococcus), 255 
carbonei (Clostridium), 807 
earbond (InfiaUlis), 807 
earbonis (Badllus), 776 
Carhoxydomonas, 20, 81,972 


Cardiff^ (Salmonella), 512 
cardii (Vibrio), 203, 205 
cardii-papillosi (Cristispira), 1066 
cardii papillosi (Spirockaeta), 1056 
cardio-arthritidis, 320 
cardiopyrogenes (Spirillum), 217 
carduus (Coccus), 250 
caricae (Marmor), 1201 
earis (Bacillus), 816 
camea (Cladothrix), 968 
camea (Nocardia), 968 
camea (Oospora), 968 
carnea (Sardna), 290 
carnea (Streptothrix), 968 
carnegieana (Erwinia), 468 
carneum (Bacterium), 675 
carneus (Actinomyces), 968 
camem (Badllus), 675 
cameras (Discomyces), 968 
carneus (Micrococcus), 255 
carneus (Streptococcus), 338 
carneus halophilus (Teiracoccus), 284 
camicolor (Bacillus), 675 
camicolor (Micrococcta), 265, 276 
carniphilus (Bacillus), 740 
carniphilus (Micrococcus), 255 
carnis (Bacillus), 661, 810 
carnis (Clostridium), 810 
carnis (Plectridium), 810 
carnis (Streptococcus), 338 
carnis foetidum (Clostridium), 787 
carnis eaprogenes (Badllus), 782 
camofoetidum (Clostridium), 787 
camosum (Bacterium), 675 
camosus (Actinomyces), 968 
camosus (Bacillus), 740 
carocyanea (Pseudomonas), 146 
carocyaneum (Bacterium), 146 
carocyaneus (Badllus), 146 
carogeanui (Cohnistreptothrix), 928 
Carolina (Salmonella), 531 
carolinus (Bacillus), 531 
carotoe (Phytomonas), 166 
carotae (Pseudomonas), 165 
carotae (Xanthomonas), 165 
carotarum (Bacillus), 714 
earotarum (Bacterium), 714 



cam-cata 


INDEX OF NAMES OF GENERA AND SPEaES 


carotovora (Erwinia), 469, 470, 471, 474, 
1129, 1134, 1135, 1136 
carolovorum (Bacterium)^ 469 
carotovorum (Pectohacterium)^ 464, 469 
carotovorus (Bacillus), 469 
carougeaui (Actinomyces), 928 
carougeaui (Discomyces), 928 
carougeaui (Nocardia), 928 
carougeaui (Streptothrix), 928 
carpanoi (Treponema), 1074 
carpathiens (Bacillus), 361 
Cgrphococcus, 235 
Carpophthora, 1161 
carrau (Salmonella), 528 
carrosus (Streptococcus), 338 
carter! (Borrelia), 1061, 1068 
carteri (Spirillum), 1061 
carteri (Spirochaeta), 1061 
carteri (Spironema), 1061 
carteri (Spiroschaudinnia), 1061 
carteri (Treponema), 953 
Carteria, 925 
Carterii, 925 

cartharinensis (Micrococcus), 255 
cartilagineum (Bacterium), 675 
cartilagineus (Bacillus), 675 
Caryococcus, 1121 
Caryophanon, 1004 
caryophyllacearum (Bacillus), 639 
caryophylli (Phyfomonas), 137 
caryophylli (Pseudomonas), 136 
casei (Actinomyces), 968 
casei (Bacterium), 718 
casei (Cellulomonas), 619 
casci (Lactobacillus), 366, 357 
casei (Micrococcus), 240 
casei (Planococcus), 281 
casei (Plocamobacterium), 695 
casei (Propionihacterium), 379 
casei (Sarcina), 290 
casei (Streptobacterium), 356, 361 
casei (Streptococcus), 338 
casei (Tetracoccus), 284 
casei ot (Bacillus), 356 
casei y (Bacillus), 358 
casei b (Bacillus), 360 
casei e (Bacillus), 352 


casei a (Bacterium), 356 
casei € (Bacterium), 352 
casei acido-proteolyticus 1 (Micrococcus), 
240, 326 

casei acido-proieolyticus II (Micrococ¬ 
cus), 240, 326 

casei amari (Micrococcus), 326 
casei amari edamicus (Micrococcus), 256 
casei filans (Bacterium), 
casei limburgensis (Bacillus), 612 
casei limburgensis (Bacterium), 612 
casei liquefaciens (Micrococcus), 240, 326 
casei liquefaciens (Tetracoccus), 240 
casei proteolyticus I and II (Micrococcus), 
327 

caseia (Cellulomonas), 619 
caseicola (Bacterium), 676 
caseinicum (Achromobacter), 692 
Caseobaclerium, 8, 349 
Caseobacterium «, 352 
CaseococLUS, 327 
caseolytica (Sarcina), 291 
caseolyticum (Bacterium), 371 
caseolyticus (Bacillus), 651 
caseolyticus (Micrococcus), 240, 258, 
259, 260, 263, 265, 266, 268, 273, 695 
cassavas (Bacterium), 466 
cassavae (Erwinia), 466 
castaneae (Bacterium), 138 
castaneae (Phytomonas), 138 
castaneae (Pseudomonas), 138 
castanicolum (Bacterium), 640 
castellanii (Castellanus), 542 
castellanii (Micrococcus), 255 
castellanii (Rhodococcus), 255 
castellanii (Shigella), 542 
Castellanus, 535 
castellum (Bacterium), 676 
castigata (Cellulomonas), 615 
castigatum (Bacterium), 616 
castra (Vibrio), 203 
catarrhalis (Actinomyces), 922 
catarrhalis (Bacillus), 590 
catarrhalis (Discomyces), 922 
catarrhalis (Micrococcus), 298 
catarrhalis (Neisseria), 298, 299, 301 
catarrhalis (Oospora), 922 
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cata-cell 


caiarrhalia (Pseudomonas), 146 

Catenabacterium, 33, 34, *368 

catenaforme (Catenabacterium), 36.S 

catenaformis (Bacteroides), 368 

catenatus (Thennohacillus), 731 

catenula (Bacillus), 676, 823 

caienula (Bacterium), 676 

catenula (Cornilia), 823 

caienula (Tyroihrix), 823 

catemilaius (Bacillus), 740 

catonulatiis (Chondromyces), 1039 

cathetus (Bacillus), 651 

cati (Actinomyces), 969 

call (Discomyces), 969 

caltleyae (Bacterium), 759 

caucasica (Dispora), 351 

caucasica (Pacinia), 351 

caucasicum (Bacterium), 

caucasicum (Betahacienum), 351, 358 

caucasicus (Bacillus), 351, 358 

caucasicus (Lactobacillus), 351 

caucasicus (Streptococcus), 338 

caudata (Pseudomonas), 174, 405 

caudatum (Flavohacterium), 174 

caudatus (Bacillus), 174, 405 

caudatus (Bacterium), 174 

caudatus (Coccus), 250 

Caulobacter, 35, 832 

cavarum pericarditis (Bacterium), 554 

cavatum (Bacterium), 676 

cavernae (Bacterium), 676 

cavernae minutissimus (Bacillus), 676 

caviae (Actinomyces), 912 

caviae (Bacillus), 6^1 

caviae (Bacteroides), 674 , 580 

caviae (Bartonella), 1108 

caviae (Cristispirella), 1057 

caviae (Haemohartonella), 1108 

caviae (Klebsiella), 548 

caviae (Nocardia), 912 

caviae (Pasteurella), 553,651 

caviae (Pseudomonas), 146 

caviae (Spherophorus), 574 , 580 

caviae (Spirockaeta), 1071 

caviae (Spironema), 1070 

caviae (Spiroschaudinnia), 1070 

caviae (Strepiohacillus), 574 


caviae foriuitum (Bacterium), 676 
caviae fortuitus (Bacillus), 070 
cavicida (Bacillus), 445 
cavicida (Bacterium), 445 
cavicida (Escherichia), 445 
cavicida havaniensis (Bacillus), 676 
cavicida havaniensis (Bacterium), 676 
caviseptica (Pasteurella), 553 
cavisepticum (Bacterium), 553 
cazaubon (Bacterium), 759 
cazaubon I and II (Bacterium), 759 
relebense (Bacterium), 169 
celebensis (Phytomonas), 169 
celebensis (Pseudomonas), 169 
celebensis (Xanthomonas), 169 
celcr (Phagus), 1142 
cellaris (Leucocystis), 255 
cellaris (Micrococcus), TJOO 
cellasea (Cellulomonas), 618 
cellaseus (Bacillus), 618 
Cellfalcicula, 211 
cellohioparus (Clostridium), 820 
cellulicola (Schinzia), 224 
Cellulobacillus, 8, 705, 763 
cellulolyticum (Plectridium), 823 
Cellulomonas, 20, 32, 615, 616 
cellulomonas (Proteus) var. Proteus biazo- 
tens, 617 

cellulomonas (Proteus) var. Proteus cas- 
taneus, 622 

cellulomonas (Proteus) var. Proteus ros- 
sicus, 622 

cellulomonas (Proteus) var. Proteus udus, 
614 

cellulosae (Actinomyces), 9^ 
cellulosae (Clostridium), S20 
cellulosae (Streptomyces), 938 
cellulosae dissolvens (Bacillus), 809 
cellulosae dissolvens (Caduceus), 809 
cellulosae hydrogenicus (Caduceus), 809 
cellulosae hydrogenicus var. cellulosae 
methanicus (Caduceus), 810 
cellulosae methanicus (Caduceus), 810 
cellulosam (Bacterium), 808 
cellulosam fermentans (Bacillus), 808 
cellulosis (Bacterium), 809 
cellulosolvens (Caduceus), 809 
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eeUulosolvena {CloBtridium), 809 
cellulosum (Angiococcus), 1048 
cellulosum (Polyangium), 1087* 1028 
cellulosum (Sorangium), 1088 
celluloBum fermentana (Terminoaporua), 
808 

celluloaum var. ferrugineum (Polyan- 
gium), 1010, 1028, 1029 
celltdoaum var. ftUvum (Polyangium), 
1029 

celluloaum var. fuacwn (Polyangium), 
1010, 1028 

celluloaum var. luteum {Poljangium), 
1029 

Cellvibrio, 800 
Cenomeaia, 847 
cenirale (Anaplaama) ^ 1100 
centralis (Bacillus) ^ 651 
centricum (Bacterium)^ 676 
centrijugana (Bacil ua)^ 101, 697 
cenirifugar^ (Bacterium), 697 
centrifugana (Paevdomonaa), 101, 697 
centropunctatum (Achromobacter), 42il 
centropunctatua (Bacillua), 423 
centropunctatua (Bacterium), 423 
centropunctatua (Micrococcus), 255 
centroaporogenea (Bacillua), 787, 825 
centroaporogenea (Clostridium), 787 
Centroaporua, 20, 22 
centroaporua (Bacillua), 725, 744 
cepae (Bacillua), 740 
cepae (Marmor), 1184 
cepkaloideua (Bacillua), 816 
cepivora (Phytomonaa), 470 
cepivorum (Bacterium), 470 
cepivorua (Aplanohacter), 470 
cepivorua (Bacillua), 470 
ceramicola (Bacterium), 626 
ceramicola (Flavobacterium), 626 
ceraai (Bacterium), 120 
cerasi (Marmor), 1197 
ceraai (Phytomonaa), 120 
cerasi var. prunicola (Paeudomonaa) 
120 

ceraai wraggi (Bacterium), 153 
ceraai wraggi (Phytomonaa), 153 
ceraainua (Micrococcua), 255, 256, 


ceraainua (Streptococcus), 338 
ceraainua lactia (Micrococcus), 255 
ceraainua siccus (Micrococcus), 338 
ceraaua (Bacillua), 120 
ceraaua (Paeudomonaa), 120 
cereale (Lactohadllua), 355 
cereals (Thermobacterium), 355 
cerealia (Paeudomonaa), 740 
cerealium (Bacillua), 740 
cerealium (Bacterium), 740 
cerebralia (Corynebacterium), 403 
cerebriformia (Actinomyces), 969 
cerebriformis (Chondrococcus), 1046 
cerebriformia (Myxococcua), 1046 
cerebriformia (Nocardia), 969 
cerebriformia (Streptothrix), 969 
cereua (Actinomyces), 969 
ccreus (Bacillus), 708, 716, 716, 717, 718, 
719, 725, 1138 
cereus (Micrococcua), 256 
cereua (Staphylococcus), 251 
cereua albua (Micrococcua), 251 
cereua albua (Staphylococcus), 251 
cereua aureus (Micrococcua), 256 
cereua aureus (Staphylococcus), 256 
cereus flavua (Micrococcus), 256 
cereua flavua (Staphylococcus), 256 
cereus var. fluorescena (Bacillus), 
716 

cereua var. mycoides (Bacillus), 718 
cereua var. aiamenais (Bacillua), 716 
cereviaiae (Flavobacterium), 176 
cereviaiae (Lactobacterium), 363 
cereviaiae (Meriamopedia), 249 
cereviaiae (Micrococcua), 249 
cerevisiae (Pediococcus), 849 
cerevisiae (Pseudomonas), 176 
cereviaiae (Sarcirui), 249 
cerinum (Bacterium), 676 
cerinua (Oluconoacetobacter), 694 
cerinua (Micrococcua), 256 
cerro (Bacterium), 529 
cerro (Salmonella), 529 
ceruminia (Bacillua), 403 
ceruminia (Corynebacterium), 403 
cervina (Sarcina), 291 
338 ceylonensis (Shigella), 548, 543 
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eeyUmvMiB A (BaeiUtu), 640 
ceyUmerma B (BociIIub), 542 
ceylanensis B (Lankoidea)^ 642 
ehakea (Aetinomycea)^ 978 
chalcea (Micromonospora), 969, 978 
ehaleea (Noeardia), 978 
ehakea (Streplothrix), 978 
ehalmerai iAettnamyeea)^ 975 
ehalmerai (Nocardia), 975 
ehamae {Cfiatiapira), 1056 
ehamae (Spiroehaeta), 1056 
Charon, 1265 
chanini (BacilliMa)^ 651 
charring (Streptococcua), 338 
chauvaei (Bacilhia)^ 776 
ehauvaei (Ckatridium), 776 
ehauvei (Cloairidium)^ 776 
Chauvoea, 20, 22, 763 
chauvaei (Bacillua), 776 
chauvaei (Bacterium), 776 
chauvaei (Butyrihacillua), 776 
ehauvaei (Claatridium), 776 
cheUmei (Mycohaeterium), 886 
cheraaneaia (Micracaccua), 256 
cheater (SalmaneUa), 504 
chinenae (Aerabacter), 456 
ehinenae (Bacterium), 456 
chinicua (Micfracaceua), 256 
chiranami (Bacterium),^ 
ehiranomi (Photahacterium), 635 
chitinochroma (Bacterium), 682 
chitinophilum (Bacterium), 631 
chitinovorus (Bacillus), 632 
Chlamydathrix, 12,18, 984 
Chlamydozoon, 1114 
ehlarina (Pelaglaea), 870 
chlorina (Pseudomonas), 95 
chlarinum (Bacterium), 95,654,676 
chlorinua (Bacillua), 95, 651 
chkrinua (Micracaccua), 256 
Chlorobacterium, 698, 872 
Chlorobium, 29, 30, 8M 
Chlorochromatium, 873 
Chlorogenus, 1146 
Chkranium, 873 
Chlaranoetoe,SBd 

Chkraphaena (Paeudomanaa), 146 


Chkrapaeudamonaa, 870 
chlararaphia (Bacillua), 93 
chlororaphis (Pseudomonas), 93 
chlarum (Flavabacterium), 440 
chocolatum (Chramabacterium), 693 
cholerae (Batillua), 194 
cholerae (Bacterium), 
cholerae (Phagus), 1148 
cholerae (Vibrio), 194, 196, 1142 
cholerae anatum (Bacillua), 652 
choleraeaaiaticae (Pacinia), 193 
cholerae aaiaticae (Spirillum), 193 
cholerae aaiaticae (Vibrio), 194 
cholerae-caviae (Bacillua), 502 
cholerae columbarum (Bacillua), 552 
cholerae columbarum (Bacterium), 552 
cholerae gallinarum (Bacillua), 547 
cholerae gallinarum (Bacterium), 547 
cholerae gallinarum (Micrococcua), 547 
cholerae gallinarum (Octopaia), 547 
cholerae gallinarum (Paateuretta), 547 
cholerae-auia (Bacillua), 508 
chalerae-auia (Bacterium), 508 
cholerae-auia (Bacterium) (Salmonella), 
508 

choleraesuis (Salmonella), 493, 494, 496, 
608,509 

cholerae auia var. kunzendorf (Salman^ 
ella),m 510 

cholerae auum (Bacillua), 508 
cholerae auum (Bacterium), 508 
choleroides (Bacillua), 198 
choleroidea (Bacterium), 702 
choleroidea (Microapira), 198, 203 
choleroidea a and ft (Vibrio), 203, 702 
choleaterolicum (Mycobacterium), 890 
chologenea (Bacillua), 676 
chologenea (Bacterium), 676 
chondri (Streptothrix), 976 
Chondrococcus, 1009,1044 
Chondromyces, 14,17,20,24,26,1086 
choukevitchi (Bacillua), 612 
chriatiei (Bacterium), 759 
chriatapheraoni (Actinomycea), 975 
chriatophevaoni (Nocardia), 975 
Chromatium, 16, 23, 25, 29, 30, 846, 862, 
853, 866, 857, 859 
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chromidrogenm &itreus (Micrococcus), 256 
chromidrogenus ruber (Micrococcus) y 256 
chromoaromaticus (Bacillus), 657 
chromo-aromaiicus (Bacterium), 657 
('hromobacterium, 20,32,37,223,231,694 
chromofiavus (Micrococcus), 256 
chromogenes (Cladothrix), 969 
chromogenes (Clostridium), 806 
chromogenes (Oospora), 969 
chromogenes |3 alba, (Actinomyces) 934 , 

vhromogenus (Actinomyces), 934, 940, 969, 
970, 972 

chromogenus 205 (Actinomyces), 941 
chroococcum (Azotobacter), 219 
chroococcus (Bacillus), 219 
Chroostipes, 872 
chrysanthemoides (Vibrio), 203 
chryseum (Bacterium), 670 
chryseus (Bacillus), 672 
chryseus (Micrococcus), 250 
chrysogloea (Bacterium), 070 
chrysogloia (Bacillus), 070 
chylogena (Eberthella), 5J13 
chylogenes (Bacillus), 450 , 533 
rhyluriae (Bacillus), 051 
rhymogenes (Bacterium), 452 
cichorii (Bacterium,), 133 
c ichor a (Phytomonas), 133 
cichorii (Pseudomonas), 125,133 
ciliaius (Lactobacillus), 363 
Cillobacterium, 33, 34, 369 
cincinnatus (Bacillus), 813 
cinclus (Bacillus), 7A{) 
cinerea (Xeisscria), 299, 301 
cinereo-niger (Actinomyces), 969 
cinereon i gerarornaticus (A ct i n om gees), 

969 

cinereo-nigra (Nocardia), 909 
cinereus (M icrococcus), 301 
cinereus (Streptococcus), 33S 
cinereus niger aromnticus (Actinomyces), 
969 

cineronigra aromatica (StreplothrU), 969 
einnabareus (Micrococcus), 244, 255^ 256, 
257, 274, 275 ^ 

cinnabareus (Hhodococcus), 244 
cinnabarinus (Micrococcus), 256 


circulans (Bacillus), 722, 728, 737, 741, 
circulans (Bacterium), 722 
circularis major (Bacillus), 580 
circularis minor (Bacillus), 362 
cirrhiformis (Micrococcus), 256 
cirrhosus (Chondrococcus), 1046 
cirrhosus (Myxococcus), 1045 
cirroflagellosus (Bacillus), 741 
cissicola (Aplanobacter), 134 
cissicola (Pseudomonas), 134 
Citivir, 1209 

citrarefaciens (Bacterium), 119 
citrarefaciens (Pseudomonas), 119 
citrea (Nocardia), 908,976 
citrea (Sarcina), 288,291 
citrea (Streptothrix), 969 
citrea conjunctivae (Sarcina), 291 
citreum (Bacterium), 651, 676, 687 
cilreum (Semiclostridium), 762 
citreus (Actinomyces), 946, 969 
ciireus (Ascohacillus), 651 
citreus (Bacillus), 651, 676 
citreus (Enterococcus), 336 
citrous (Micrococcus), 239, 242, 254, 25G 
257, 261, 265, 268, 278, 280, 338 
citreus I (Micrococcus), 250 
citreus II (Micrococcus), 250, 275 
citreus (Mycococcus), 891 
citreus (I* la nococcus), 288 
citreus (Proactinomyves), 90S 
citreus (Staphylococcus), 242 
citreus (Streptococcus), 338 
citreus (Stroptomyces), 946 
citreus baregensts (Microhacillus), 090 
citreus cadaversis (Bacillus), 087 
citreus cadavens (Bacterium), 687 
citreus conglomcratus (Diplococcus), 239 
citreus conglomeratus (Mensmopedia), 
239 

citreus conglomeratus (Micrococcus), 239 
citreus duodenalis (Staphylococcus), 701 
ciireus granulatus (Micrococcus), 256, 277 
ciireus lactis (Micrococcus), 257 
ciireus liquefaciens (Diplococcus), 257 
citreus liquefaciens (Micrococcus), 257 
citreus rigensis (Micrococcus), 257 
ciiri (Bacillus), 156 
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citr-cocc 


cilri (Bacterium) f 156 
citri (Phagus), 1136 
cilri (Phytomonas), 166 
citri (Pseudomonas), 166 
citri (Xanthomonas), 156, 1129, 1134, 
1136,1136 

citri deliciosae (Bacterium), 178 
citricus (Bacillus), 661 
citrimaculans (Bacillus), 475 
cilrimaculans (Bacterium), 475 
citrimaculans (Erwinia), 476 
citrina (Sarcina), 291 
citrinus (Bacillus), 651 
citrinus (Micrococcus), 257 
cilriputeale (Bacterium), 119, 120, 
citriputealis (Phytomonas), 120 
citriputealis (Pseudomonas), 120 
. Citrohacter, 448 
citrocremeus (Actinomyces), 915 
citrophilum (Achromobacter), 810 
citrophilum (Urohacterium), 610, 691 
ciirophilus (Streptococcus), 339 
citrovorum (Leuconostoc), 847 
citrovorus (Streptococcus), 347 
citrovorus-paracitrovorus (Streptococcus), 
348 

Cladascus, 12, 13 
cladogenes (Bacillus), 651 
cladoi (Bacillus), 741, 758 
Cladothrix, 6, 17, 18, 917 , 980, 982, 1121 
claihornei (Salmonella), 518 
clathratiforme (Aphanothece), 871 
clathratiforme (Pelodictyon), 871,872 
Clathrochloris, 872 
Clathrocystis, 6, 847 
clavatus (Bacillus), 400, 813 
clavatus (Myxococcus), 1045 
clavifer (Actinomyces), 969 
clavifolium (Aurcogenus), 1167 
claviforme (Bacterium), 823 
claviformis (Bacillus), 661, 823 
claviformis (Micrococcus), 267 
claviformis (Pacinia), 823 
claviformis (Tyrothriz), 823 
demo (Pseudomonas), 694 
deoni (Bacillus), 662 
Cloaca, 10 


cloaca (Microspira), 202,203,206 
cloacae (Actinomyces), 960 
cloacae (Aerobacter), 466, 466, 457, 460, 
670,692 

I, cloacae (Bacillus), 466,467 
cloacae (Bacterium), 455 
cloacae (Cloaca), 466 
J^X^lonothrix, 12,17,19, 26, 35,083 
clonotricoides (Mycothrix), 983 
closteroides (Bacillus), 722, 741 
clostridiiformis (Bacterium), 676,577 
clostridiiformis (Ristella), 576 
clostridiiformis mobilis (Zuberella), 577 
clostrtdioxdes (Bacillus), 720 
Clostridium, 11, 22, 27, 30, 31,33, 42, 43, 
76, 216, 367, 763 
Closlnllium, 7, 765 
Clostrinium, 7, 706 
coadunata (Pseudomonas), 101 , 697 
coadunatum (Achromobacter), 101 
coadunatus (Bacillus), 101 
coadunatus (Bacterium), 697 
coagulans (Bacillus), 531, 713 
coagulans (Bacteroides), 667, 577 
, coagulans (Balkanella), 631 
coagulans (Clostridium), 782 
coagulans (Pasteurella), 567 
coagulans (Salmonella), 531 
cobayae (Bacillus), 714 
1 cobayae (Borrc/ia),. 1066 
cobayae (Spirochaeta), 1066 
cobayae (Treponema), 1066 
coccacea (Pseudomonas), 146 
cocciforme (Bacterium), 403, 693 
cocciformis (Brucella), 693 
coccineum (Thiospirilium), 856,869 
coccineus (Bacillus), 652, 741 
coccineus (Micrococcus), 257 
Coccobacillary bodies (Nelson), 1204 
Coccobacillus, 546,1291 
Coccobacterium, 479 
coccoides (Eperythrozoon), 1118,1113 
coccoides (Nitrosocystis), 72, 73 
coccoideum (Achromobacter), 423 ^ 

coccoideum (Bacterium), 423 
coccoideus (Bacillus), 710 
Coccomonas, 11 
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CoceothriXf 876 

cochlearium (CloBtridium), 794,790 
cochlearium (Pleetridium), 794 
cochleariua (Bacillus) ^ 794 
cochlearius (Flemingillus), 794 
cocoide (Bartonella)^ 1101 
coeci (Bacillus), 416 
coeliaca (Nocardia), 899, 908, 913 
coeliacum (Flavohacterium), 906 
coeliacum (Mycobacterium ), 392,906 
coeliacus (Proaciinomyces), 906 
coelicolor (Actinomyces), 935 
eoelicolor (Bacillus), 401 
coelicolor (Bacterium), 4Ql 
eoelicolor (Nocardia), 935 
coelicolor (Streptomyces), 935 
coelicolor (Streptothrix), 935 
coeln (Salmonella), 503 
coelorhynchus (Cdccobacillus), 636 
coenobios (Pseudomonas), 697 
coerulea (Micromonospora), 980 
coerulea (Pseudomonas), 234 
coeruko-viridis (Bacillus), 652 
coerukum (Chromohacterium), 234 
coeruleus (Bacillus), 234,652 
coerukus (Bacterium), 234 
coffeicola (Bacillus), 639 
cohaerea (Pseudomonas), 146, 697 
cokaerens (Bacillus), 146, 632, 697, 718 
cohaerens (Chromohacterium), 234 
cohaereus (Bacterium), ^97 
Cohnia, 6,847 
cohnii (Spirillum), 1062 
cohnii (Spirochaeta), 1062 
cohnii (Spirochaete), 1054 
Cohnistreptothrix, 925, 929 
Coleomitus, 1003 
Cokonema, 1003 
Colesiota, 1119 
coli (Aerobacler),iAo 
cdi (Bacillus), 445 
cdi (Bacterium), 445, 460 
coli (Colobactrum), 445 
coli (Eacherichia), 3, 444, 446, 447, 448, 
449, 450, 451, 454, 455, 460, 489, 595, 
694,1131,1132,1133,1134,1296 
coli (Phagua), 1133 


coli (Pseudomonas), 146 
coli (Streptococcus), 339 
coli cdcdligenes (Bacterium), 452 
coli anaerogenes (Bacillus),*82S 
coli anaerogenes (Bacterium), 533,542 
colianaerogenes (Castellanue), 533 
coli anindolicum (Bacterium), 452 
coli apium (Bacterium), 676 
coli Bettis (Micrococcus), 257 
coli bretfis (Streptococcus), 339 
coli dtrovorum (Bacterium), 448 
coli colorahilis (Bacillus), 612 
coli colorahilis (Bacterium), 612 
coli commune (Backrium), 445 
coli communior (Bacillus), 447 
coli-communior (Bacterium), 447 
coli communis (Bacillus), 445, 632, 697 
coli ammunis (Pseudomonas), 697 
coli communis verus (Bacillus), 445 
coli dysentericum (Bacillus), 543 
colt flavum (Bacterium), 445 
coli gracilis (Streptococcus), 326 
coli immohilis (Bacillus), 450 
coli immohilis (Bacterium), 450 
coli imperfectum (Bacterium, 452 
coli mobilis (Bacillus), 148 
coli mobilis (Bacterium), 699 
coli mutabik (Bacterium), 451 
coli mutabik (Escherichia), 451 
coli mutabilis (Bacillus), 450 
coli mutabilis (Escherichia), 451 
coli similis (Bacillus), 676 
coli similis (Bacterium), 676 
coli var. acidilactici (Backrium), 447 
coli var. acidilactici (Escherichia), 447 
coli var. communior (Backrium), 448 
coli var. communior (Escherichia), 447 
coli var. immohilis (Backrium), 450 
coli var. luteoliquefaciens (Bacillus), 400 
coli var. luteoliquefaciens (Backrium), 
490 

coli var. neapolitana (Escherichia), 447 
coli var. neapolitanum (Bacterium), 447 
coli var. paragruenthali (Backrium), 451 
coli verus (Bacillus), 445 
Colibackr, 694 
Colibackrium, 11, 444 


1418 



INDEX OF NAMES OF 

coiieogemB (BaciUuB), 813 
coliforme (Paracolobactrum),460,491 
CoUaides, 595 

colloides (Pseudomonas), 146 
eoUoideum (Bacterium), 676 
Colohacirum, 444, 453 
colofoeiida (Escherichia), 452 
eolofoetidiLS (Bacillus), 452 
coloides (Escherichia), 452 
coloides var. A (Bacillus), 452 
coloides var. B (Bacillus), 452 
colomatii (Bacterium), 759 
colorabilis (Bacillus), 612 
eolorans (Bacillus), 741 
coloratum (Propionibacierium), 379 
colossus (Spirillum), 217 
colotropicalis (Bacillus), 452 
coloiropicalis (Escherichia), 452 
columbarum (Bacillus), 652 
columbarum (Bacterium), 401, 552 
columbense (Bacterium), 531 
columbensis (Bacillus), 531 
columbensis (Morganella), 531 
columbensis (Salmonella), 531, 532 
columnaris (Bacillus), 1047 
columnaris (Chondrococcus), 1047 
columnaris (Cytophaga), 1047 
columae (Phytomonas), 139 
colurnae (Pseudomonas), 189 
comandoni (Spirochaeta), 1066 
comandoni (Treponema), 1066 
comes (Bacterium), 676 
comesii (Bacillus), 741 
comma (Bacillus), 194 
comma (Microspira), 194 
comma (Vibrio), 193, 196, 198, 199, 202, 
203, 204, 205, 206, 1142, 1143 
commensalis (Diplococcus), 257 
commensalis (Micrococcus), 257 
commune (Colibacter), 694 
commune (Corynebacterium), 403 
commune (Semiclostridium), 762 
communior (Bacillus), 447 
communior (Bacterium), 447 
communior (Escherichia), 448 
communior var. coscoroba (Bacillus), 453 
communis (BaciUus), 445, 681 


GENERA AND SPECIES COU*-C0nJ 

communis (Siderococcus), 835 
communis lacHs (Micrococcus), 257 
commutabilis (Phagus), 1136 
commutatus (Micrococcus), 257 
compactum (Bacterium), 676 
compactus (Bacillus), 676 
compositum (Polyangium), 1023 
compositum (Sorangium), 1008, 1022, 
1023 

concentricum (Bacterium), 676 
concentricum (Spirillum), 217 
concentricus (Micrococcus), 257 
concitata (Cellulomonas), 619 
concitatus (Bacillus), 619 
roncocians (Bacillus), 741 
concomitans (Bacillus), 230 
concretivorus (Thiobacillus), 81 
confervarum (Siderocysiis), 834 
confervarum (Sideromonas), 834 
confluens (Micrococcus), 257 
conglomeratum (Lactobacierium), 363 
conglomeratus (Micrococcus), 239, 252, 
253, 256, 257, 258, 261, 262, 265, 270, 
271, 280 

conglomeratus (Streptococcus), 315 
congolensis (Actinomyces), 918 
congolensis (Discomyces^, 918 
congregata (Sporocytophaga), 1049, 1050 
Conidiothrix, 984 , 995 
conjac (Bacterium), 171 
conjac (Phytomonas), 171 
conjac (Pseudomonas), 171 
conjaci (Xanthomonas), 171 
conjunctivas (Chlamydozoon), 1119 
conjunctivae (Colesiota), 1119, 1120 
conjunctivae (Micrococcus), 257 
conjunctivae (Rickettsia), 1096, 1119 
conjunctivae (Sarcina), 291 
conjunctivae bovis (Rickettsia), 1096,1120 
conjuQctivae-galli (Colesiota), 1120 
conjunctivae galli (Rickettsia), 1096, 1120 
conjunctividis (Hemophilus), 585 
conjunctividis (Micrococcus), 257 
conjunctivitidis (Bacillus), 677 
conjunctivitidis (Bacterium), 670, 677 
conjunctivitidis subtiliformis (Bacillus), 
741 
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conjuncimiia (Bacterium)^ 590 
connii (Achromohacter), 423 
connii (Bacterium) ^ 423 
conoideus (Micrococcus)^ 257 
conori (Dermacentroxenus), 1088 
conorii (Rickettsia), 1087, 1088, 1092 
conradi (Pseudomonas) ^ 146 
consolidus (Bacillus), 741 
constans (Marmor), 1167 
constellatum (Bifidibacterium), 369 
constellatus (Bacillus) y 369 
constellatus (Diplococcus), 310 
constrictus (Bacillus), 652 
constrictus (Bacterium), 652 
contextus (Bacillus), 741 
continuosus (Streptococcus), 339 
contumax (Phagus), 1136 
convexa (Pasteurella), 571 
convexa (Pseudomonas), 96, 697 
convexus (Bacteroides), 671, 577 
convoluta (Nocardia), 919 
convoluta (Oospora), 919 
convolutum (Mfjcohacierium), 919 
convolutus (Actinomyces), 919 
convolutus (Bacillus), 652 
convollus (Bacterium), 652 
convolutus (Discomijces), 919 
coprocinus (Bacillus), 753 
coprogenes, (Bacillus) 813 
coprogenes foetidus (Bacillus), 652, 813 
coprogenes parvus (Bacillus), 544 
coprogenese parvus (Bacterium), 544 
coproliticus (Thiobacillus), 80 
coprophila (Microspira), 202, 206 
coprophilum (Bacterium), 819 
coprophilum (Spirillum), 206 
coprophilus (Bacillus), 819 
coralinus (Hkodococcus), 258 
corallina (Nocardia), 897, 902, 903, 904 
corallina (Pseudomonas), 697, 1016 
corallina (Serratia), 644, 902 
corallinum (Clostridium), 820 
corallinus (Micrococcus), 258 
corallinus (Proactinomyces), 902 
corallinus (Streptohrix), 902 
coralloides (Chondrococcus), 1006, 1046, 
1046 


coralloides (Micrococcus), 258 
coralloides (Myxococcus), 1045 
coralloides var. clavatus (Chondrococcus), 
1045 

coralloides var. polycystus (Chondrococ¬ 
cus) 1045 
Cerium, 1203 

corncola (Gallionella), 832 
Cornilia, 705, 763 
cornuium (Bifidibacterium), 369 
cornutus (Bacillus), 369 
cornutus (Bacteroides), 369 
coronafaciens (Bacterium), 116 
coronafaciens (Phyiomonas), 116 
'coronafaciens (Pseudomonas), 113, 116 
coronafaciens var. atropurpurea (Phy- 
tomonas), 116 

coronafaciens var. atropurpurea (Pseu¬ 
domonas), 116 

coronafaciens var. atropurpureum (Bac¬ 
terium), 116 

coronata (Mtcrospira), 636 
coronata (Siderocapsa), 834 
coronatum (Photobacterium), 636 
coronotus (Bacillus), 652 
coronatus (Micrococcus), 339 
coronatus (Streptococcus), 339 
coroniformis (Actinomyces), 969 
corrugatus (Bacillus), 741 
corrugatus (Micrococcus), 258 
corruleo-viride (Bacterium), 652 
corruscans (Bacillus), 741 
corticate (Bacterium), 677 
corticalis (Bacillus), 677 
corvi (Bacillus), 652 
corylii (Bacterium), 640 
corylina (Phyiomonas), 156 
corylina (Xanthomonas), 166 
Corynebacterium, 7,17,18, 21, 22, 23, 27, 
30, 35, 37, 38, 42, 381, 382, 391, 396, 400, 
401, 403, 404 , 405, 407, 435, 612, 615, 
633, 866, 927 
Corynemonas, 8, 381 
Corynethrix, 381, 407 
Corynobacterium, 12, 13, 19, 28, 381 
coryzae (Diplococcus), 258 
coryzae (Micrococcus), 258 
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conjzae contatfiome equorum (Sireptococ- 
ctm)^ 317 

coruzae scgwentosus (Bacillus) ^ 406 
roscorobn (Bacillus), 453, 557, 552 
coscoroba (Escherichia), 453 
cosenrobae (Bacterium)^ 153 
costatus (Bacillus) y 741 
costicolus (Vibrio)y 702 
(osticolus var. liquefaciens (Vihno)y 702 
ratti (Microspironema), 1071 
cotti (Treponema)y 1074 
couch i (Grahamella)y 1110 
courmnntii (Bacillus), 652 
fuuvyi (Leptospira)y 1078 
couvyi (Spirochaeta)y 1078 
Cowdria, 1094, 1097 
Coxiella, 1092 
crassa (Klebsiella), 450 
crassa (Leptoihrix), 985 
crassa (Stmonsiella), 1004 
crasse (Caryophanoii), 1004 
crasHum (Bacterium), 450 
crassum (Plocamobaclertum), 4(K) 
crassum (Spirillum), 203, 217 
crassum (Thiospirillum), S5l 
crassus (Bacillus), 362, 400, 652 
crassus (Diplococcus), 297, 301 
crassus (Micrococcus), 301 
crassus (Vibrio), 203 
crassus aromaiicus (Bacillus), 146 
creussus pyogenes (Bacillus), 652 
crassus pyogenes bovis (Bacillus), 652 
crassus sputigenus (Bacillus), 459 
crassus var. D (Vihrio), 203 
crasteri (Vibrio), 204 
craterifer (Actinomyces), 969 
cremoides (Bacterium), 403 
cremoides (Corynebacterium), 403 
cremoides (Micrococcus), 253 , 258 
cremoides albus (Micrococcus), 258 
cremoides aureus (Micrococcus), 253 
cremoris (Bacillus), 709 
creinoris (Streptococcus), 324, 325, 339, 
340, 1138, 1139 

cremorisviscosi (Micrococcus), 258 
cremoriS’Viscosi (Staphylococcus), 258 
crenaium (Bacterium), 677 


crenatus, Thiohacillus, 81 
^^^renothrix, 6,12,17,18,19, 23, 26, 987 
crepusculum (Micrococcus), 258 
crepusculum (Monas), 258 
cresologenes (Bacillus), 813 
cresologenes (Clostridium), 813 
cretacea (Oospora), 969 
cretaceus (Actinomyces), 969 
cretaceus (Micrococcus), 258 
cretus (Caryococcus), 1121 
criceti domestici (Grahamella), 1110 
cricetuli (Grahamella), 1110 
crinatum (Bacterium), 741 
enniius (Bacillus), 652, 741 
cnstalliferum (Bacterium), 677 
cristallino violaceum (Bacterium), 234 
cristatus (Arthromitus), 1003 
nisiatus (Micrococcus), 258 
( ristispira, 12, 19, 20, 26, 28, 42, 1065, 
1056. 

Cristispirella, 1069 

crocatus (Chondromyces), 1006, 1036, 
1038 

crocea (Cytophaga), 1016 
croci (Bacillus), 474 
croci (Erwinia), 474 
crocidurae (Spirochaeta), 1066 
crocidurae (Treponema), 1066 
cromogena (Streptotrix), 969 
crouposa (Klebsiella), 458 
cruciferarum (Marmor), 1176 
cruciformis (Micrococcus), 258 
cruciviae (Achromobacter), 103 
cruciviae (Pseudomonas), 103 
cruenius (Chondrococcus), 1042 
cruentus (Myxococcus), 1042 
cruons (Actinomyces), 975 
cruoris (Discomyces), 975 
cruons (Nocardia), 975 
cruoris (Oospora), 975 
cryslalloides (Bacillus), 741 
crystaloides (Bacterium), 741 
crystallophagum (Mycobacterium), 897 
crystallophagus (Actinomyces), 898 
crystallophagus (Proaciinomyces), 898 
ctenocephali (Rickettsia), 1096 
cienocephalx (Spirochaeta), 1066 
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eUnoeephali iTr$pomma)t 1066 
ottbana (Salmonella), 527 
evhvMM (BaciUuB)^ 741 
eubeneis (Spiroehaeia), 1066 
eubonianum (Badmum)^ 186, 603 
cttbonianue (Boci'Uut), 136,6(^ 
cueuli {BaeiUu$)^ 408 
cueuli (CorynebaeUrium)t 403 
cueulliferum (Chromatium), 858 
eueumeris {LactcbaciUiiB), 3M 
oucumerie (Marmor), 1166, 1178 
eueumeris fermentati {Baeillue)^ 366 
eueumeris fermentati (Ulvina), 695 
ei^cumene var. eommelinae (Marmer), 
1174 

eueumeris var. judieis (Marmor), 1173, 
1174 

eueumeris var. lilii (Marmor), 1174 
eueumeris var. phaseoli (Marmor), 1174 
eueumeris var. upsiUm (Marmor), 1172 
eueumeris var. vignae (Marmor), 1174 
eueumeris var. vulgare (Marmor), 1174 
eueumis (Vibrio), 204 
eueurhiiae (Bacterium), 157 
eucurbitae (Phytomonas), 157 
eueurbitae (Pseudomonas), 157 
eucurbitae (Xanthomonae), 167 
euenoti (Bacillus), 652 
eidieis (Eniomespira), 1066 
eulicis (Rickettsia), 1096 
eulicis (Spirillum), 1066 
eulicis (Spiroehaeta), 1066 
eulicis (Spironema), 1066 
eulieis (Spirosehaudinnia), 1066 
eulicis (Treponema), 1066 
eumini (Phytomonas), 121 
cumini (Peeudomonae), 181 
eumulatus (Micrococcus), 258, 278 
eumulatus tenuis (Micrococcus), 278 
cumulus miner (Coccus), 694 
euneatum (Bacterium), 776 
euneatus (Bacillus), 813 
ouneatua (Vibrio), 190, 203, 205 
cunieuli (Actinomyces), 578,910,928 
eunieuli (BaeiUus), 652 
euniculi (Bacterium), 402,552 
emieuli (Cladoihrix), SIB, 928 


eunieuli (Clostridium), 820 
eunieuli (Cohnistreptothrix), 928 
eunieuli (Corynebaeierium), 403 
eunieuli (Hemophilus), 589 
eunieuli (Klebsiella), 4XB 
euniculi (Listeretta), 409 
eunieuli (Nocardia), 010,928 
cunietdi (Noguehia), 594 
euniculi (Oospora), 928 
euniculi (Pasteurella), 547 
euniculi (Spiroehaeta), 1073 
euniculi (Streptococcus), 339 
euniculi (Streptothrix), SIB, 928 
euniculi (Treponema), 1078, 1076 
euniculi pneumonieum (Bacterium), 552 
euniculi pneumonicus (Bacillus), 552 
cuniculisepticus (Bacillus), 547,652 
cuniculicida (Bacillus), 547, 552 
cunicidicida (Bacterium), 547, 681 
cuniculicida (Pasteurella), 647 
cuniculicida havaniensis (Bacillus), 612 
cuniculicida havaniensis (Bacterium), 612 
cuniculicida immebilis (Bacillus), 653 
cuniculicida immobilis (Bacterium), 653 
cuniculicida mobilis (Bacillus), 552 
cunieutfdda mobilis (Bacterium), 552 
cuniculicida thermophilus (Bacillue), 681 
cuniculicida thermophilus (Bacterium), 
681 

cuniculicida var. immobile (Bacterium), 
653 

cuniculortm (Micrococcus), 271 
cunieuli (Leptotrichia), 366 
cupularis (Bacillus), 612 
cupularis (Micrococcus), 259 
cupuliformans (Nanus), 1207 
cupulijormis (Micrococcus), 259 
cursor (Bacillus), 716 
curtissi (Micrococcus), 250 
^curvum (Bacterium), 188 
curvum (Rhisobium), 224 
cuticularis (Bacillus), 677, 755 
euticidaris (Bacterium), 677 
cuticularis albus (Bacillus), 755 
eutirubra (Pseudomonas), 110, 442 
eulirvbra (Serratia), 110 
culirubrum (Bacterium), 110 
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cuti-daie 


cutirvbrum {Flavdbacterium) {Halobac- 
teriutn), 110 
cutis {Bacillus)^ 403 
cutis {Ccrynebacterium), 403 
cutis commune (Bacterium), 403 
cutis communis (Bacillus), 403 
cutis communis (Micrococcus), 251, 259 
cutis communis (Staphylococcus), 259 
cyaneofluorescens (Bacillus), 145 
cyaneofluorescens (Pseudomonas), 145, 
146 

cyaneo-fuscus (Bacillus), 233 
cyaneophosphorescens (A chromobacler) 

634 

cyaneo-phosphorescens (Bacillus), 634 
cyaneo-phosphorescens (Vibrio), 634 
cyaneum (Bacteridium), 259 
cyaneum (Photobacterium), 634 
cyaneus (Actinococcus), 923 
cyaneus (Bacterium), 695 
cyaneus (Micrococcus), 259, 272 
cyaneus (Nigrococcus), 259 
cyaneus (Proactinomyces), 923 
cyaneus-antibioticus (Proactinomyces), 

923 

cyanofuscus (Bacterium), 233 
cyanogenes (Pseudomonas), 92,96 
cyanogenes (Vibrio), 92 
cyanogenum (Bacterium), 700 
cyanogenus (Bacillus), 92,96 
cyanogenus (Micrococcus), 259, 695 
cyanoides (Agarbacterium), 630 
cyanophos (Micrococcus), 636 
cyano-phosphorescens (Photobacterium), 
634 

cycloclastes (Archromobacter), 420 
cycloclastes (Bacterium), 420 
Cyclops (Micrococcus), 259 
cyclosites (Vibrio), 200 
cygncus (Bacillus), 642 
cygni (Bacterium), 642 
cylindracea (Nocardia),9l9 
cylindracea (Oospora), 919 
cylindraceus (Actinomyces), 919 
cylindraceus (Discomyces), 919 
cylindricus (Bacillus), 731 
cylindricus (Chondromyces), 1088 


Cylindrogloea, 878 
cylindroides (Bacterium), 577 
cylindroides (Ristella), 577 
cylindrosporum (Clostridium), 789 
cylindrosporus (Bacillus), 716, 718 
cyprinicida (Bacterium), 642 
cyprinicida (Klebsiella), 642 
cypripedii (Bacillus), 470 
cypripedii (Erwinia), 470 
cystiformis (Bacillus), 653, 741 
cystinovorum (Achromobacter), 416 
cystiopoeus (Micrococcus), 259 
cystitidis (Bacillus), 653 
cystitidis (Streptococcus), 339 
Cystobacter, 1025, 1034 
Cystodesmia, 14,1036 
Cysioecemia, 14,1021 
cytaseum (Bacterium), 741 
cytaseus (Bacillus), 741 
cytaseus var. zonalis (Bacillus), 741 
cytolytica (Erwinia), 473 
Cytophaga, 35,583,1005,1009,1010,1012 
cytophaga (Spirochaeta), 1049 
cytophagus (Micrococcus), 259 
cytophagus (Mycococcus), 1013 
czaplewskii (Bacterium), 590 

dacryoideus (Bacillus), 653 
Dactylocoena, 14, 1044 
dacunhae (Achromobacter), 105 
dacunhae (Pseudomonas), 105 
dadhi (Streptothrix), 364 
dahlias (Bacillus), 470 
dahliqe (Erwinia), 470 
dahliae (Marmor), 1179 
damnosus (Pediococcus), 250 
damnosus (Streptococcus), 250 
damnosus var. mucosus (Streptococcus), 
250 

danicus (Bacillus), 714 
danteci (Bacillus), 742 
dantedi (Micrococcus), 259 
danubica (Microspira), 196 
danubicum (Spirillum), 196 
danubicus (Vibrio), 196 
danysii (Salmonella), 517 
dar-eS’Scdaam (Salmonella), 519 
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daressdlamnensis (Salmonella)^ 519 
dasaonvillei (Aciinomycea)^ 915 
daaaonvillei (Diacomycea)^ 916 
daaaonvillei (Nocardia), 916 
daaaonvillei (Streptothrix), 934 
daucarum (Bacilltia), 742 
daxensis (Spirochaeta), 1053 
daytona (Salmonella), 513 
de baryanua (Bacillua), 813 
dehile (Bacterium), 677 
debilia (Streptococcua), 339 
debilitans (Legio), 1257 
decalvena (Bacterium), 259 
decalvena (Micrococcua), 259 
decidioaua (Bacillus), 441 
decidiosua (Bacterium), 441 
deciduosa (Cellulomonas), 621 
deciduosum (Flavobacterium), 441 
deciduoaua (Bacillus), 621 
decipiena (Micrococcus), 259 
decipiens (Pacinia), 696 
decolor (Bacillus), 653 
decolor (Micrococcus) (Streptococcus ?), 
259 

decolorans (Aerobacter), 456 
decolorana (Citrobacter), 448 
decolorans major (Bacillus), 653 
decolorana minor (Bacillus), 653 
decuasata (Nocardia), 975 
decusaata (Oospora), 975 
decuaaaius (Actinomyces), 975 
decuaaatua (Discomyces), 975 
defeaaua (Bacillus), 653 
deformans (Micrococcua), 259 
deformans (Phagus), 1136 
degenerans (Bacillus), 637 
degenerans (Microapira), 637 
degenerans (Photobacterium), 637 
dehydrogenana (Flavobacterium), 613 
dehydrogenana (Micrococcua), 51^ 
delabena (Bacillus), 147 
delabena (Bacterium), 698 
delabena (Paeudomonaa), 147,697 
delacourianua (Micrococcua), 259 
delbfuckii (Bacillus), 355 
delbruckii (Lactobacterium), 355 
delbrueckii (Lactobacillus), 866,695,762 


delbruecki (Plocamobacterium), 695 
delbruecki (Ulvina), 695 
delendae-muacae (Bacterium), 677 
delesseriae (Bacterium), 826 
deleaaeriae (Flavobacterium), 625 
delgadense (Photobacterium), 637 
delgadenaia (Microspira), 637 
delicatulum (Achromobacter), 419 
delicatulus (Bacillus), 419 
delicatulus (Bacterium), 419 
delicatum (Corynebacterium), 403 
deliense (Bacterium), 677, 759 
delmarvae (Achromobacter), 422 
delphinii (Annulus), 1216 
delphinii (Bacillus), 115 
delphinii (Bacterium), 115 
delphinii (Pectobacterium), 696 
delphinii (Phytomonaa), 115 
delphinii (Pseudomona^, 115 
delta (Bacillus), 653 
delta (Bacterium), 653 
demmei (Bacillus), 742 
demmei (Micrococcua), 270 
dendriticum (Achromobacter), 423 
dendriticus (Bacillus), 423 
dendriticus (Bacterium), 423 
dendrobii (Bacterium), 613, 640 
dendroides (Bacillus), 718, 742 
dendroporthoa (Micrococcus), 259 
denekei (Vibrio), 196 
denekii (Pacinia), 196 
denieri (Alcaligenea), 416 
denitrificans (Bacillus), 423, 441, 442, 
653,754 

denitrificans I (Bacillus), i40 
denitrificans II (Bacillus), 426 
denitrificans (Bacterium), 440, 688 
denitrificans I (Bacterium), 440 
denitrificans (Chromobacterium), 441 
denitrificans (Flavobacterium), 440,688 
denitrificans (Micrococcua), 260 
denitrificans (Pseudomonas), 98 
denitrificans (Sulfomonaa), 80 
denitrificans (Thiobacillus), 80 
denitrificans (Vibrio), 426 
denitrificans agilia (Bacillus), 422 
denitrificans agilia (Bacterium), 423 
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denitrificans fluorescens (Bacillus), 9S 
Denitrohacterium, 8 
denitrofluorescens (Bacillus), 95^ 
Denitromonas, 8, 83 
dentals (Ijepiospira), 1078 
dentalis viridans, (Bacillus), 653 
dentalus (Bacillus),1A2 
denticda (Spirochaeta), 1075 
denticola (Spirochaete), 1075 
denticola (Treponema), 1075 
dentinufn (Spifochacta), 1075 
dentium (Fusiformis), 581 
dentium (Leptospira), 1079 
dentium (Miciococcus), 339 
dentium (Spirillum), 1075 
dentium (Spirochaeta), 1065, 1070, 1074, 
1075 

dentium (Spirochaete), 1075 
dentium (Spironema), 1075 
dentium (Streptococcus), 339 
dentium (Treponema), 1074 
dentium-steogyratum (Treponema), 1075 
deprimata (Cytophaga), 1013 
derby (Salmonella), 505 
derbyensis (Salmonella), 505 
dermacentrophila (Rickettsia), 1096 
dermacentroxenus (Rickettsia), 1087 
dermatogenes (Micrococcus), 260 
dermatogenes (Pseudomonas), 93 
dermatonomus (Actinomyces), 916 
dermoides (Bacillus), 653 
dermophilum (Corynebacterium), 403 
dermophilus (Bacilfus), 403 
derossii (Bacillus), 803 
derossii (Clostridium), 803 
desaiana (Phytomonas), 121 
desaiana (Pseudomonas), 121, 125 
deeidens (Micrococcus), 339 
desidens (Streptococcus), 339 
desidiosa (Cellulomonas), 621 
desidiosum (Flavobacterium), 441 
desidiosus (Bacterium), 441 
desiduosis (Bacillus), 441, 621 
desmodilli (Pasteurella), 553 
desmolyticum (Achromobacier), 104 
desmolyticum (Pseudomonas), 104 
destillationis (Bacterium), 576 


destillationis (Ristella), 576 
destructans (Bacterium), 470 
destructans (Phytomonas), 470 
destructans (Pseudomonas), 470 
destruens (Bacillus), 742 
Desulfovibrio, 29, 30, 35, 82, 207, 209 
desulfuricans (Bacillus), 207 
desulfuricans (Desulfovibrio), 207, 208, 
209 

desulfuricans (Microspira), 207 
desulfuricans (Spirillum), 207 
desulfuricans (Sporovibrio), 207, 208 
desulfuricans (Vibrio), 207, 208, 853 
Detoniella, 983 
detrudens (Bacillus), 742 
devorans (Bacillus), 430 
devorans (Bacterium), 430 
devorans (Flavobacterium), 430 
devorans (Sarcina), 291 
devorans (Vibrio), 204 
dextranicum (Leuconostoc), 847 
deztranicum (Sireptobacterium), 701 
dextranicus (Lactococcus), 347 
dextrolacticus (Bacillus), 712 
diacetilactis (Streptococcus), 339 
diacetyl aromaticus (Streptococcus), 339 
Dialister, 21, 27, 32, 33, 577, 594 
Dialisterea, 20 
dianthi (Bacillus), 640 
dianthi (Bacterium), 640 
dianthi (Pseudoynonas), 640 
diaphanus (Bacillus), 653 
diaphthirus (Bacillus), 737, 793 
diaporica (Rickettsia), 1092 
diastasius (ThermobaciUus), 731 
diastaticus (Actinomyces), 939 
diastaticus (Bacillus), 742 
diastaticus (Streptomyces), 939 
diastatochromogenes (Actinomyces), 941 
diastatochromogenes (Streptomyces), 

941 

diatrypeticum (Bacterium), 677 
diatrypeticus casei (Bacillus), 677 
dichotoma (Cladothrix), 934, 975, 982 
dichotoma (Nocardia), 975 
dichotomus (Sphaerotilus), 982 
dicksonii (Actinomyces), 969 
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Dicrchactrupi^ 13, 14, 479 
Dicrospiraj 12, 13, 192 
Dicrospirillumy 12,13, 28, 212 
didelphis (Spirochaeta) y 1066 
DidymokeliXy 23, 26, 29, 831 
dieffenhdchiae (Bacterium) y 157 
dieffenbachiae (Fhyiomonaa) y 157 
dieffenbachiae (Xanthomonas), 167 
difficile (Clostridium), 773 
difficilis (Bacillua)y 773 
diffluens (Bacillus) y 490, 653 
difiluens (Cytophaga), 1016 
diffluens (Micrococcus) y 260 
diffluens (Proteus)y 490 
diffragens (Bacillus)y 813 
diffusum (Flavobacterium), 429 
diffusus (Bacillus) y 429 
diffusus (Bacterium) y 429 
digesians (Bacillus)y 730 
digitatus (Bacillus)y 653 
digitatus (Myxococcus), 1045 
dihydroxyacetonicum (Bacterium), 189 
dilaboides (Bacillus) y 720 
dilatator (Caryococcus). 1121 
dimorpha (Mycoplana), 191 
dimorpha (Urosarcina)y 294 
dimorphobutyricus (Bacillus) y 814 
dimorphus (Bacillus) y 352 
dimorphus (Bacteroides)y 352 
dimorphus (Micrococcus) y 260 
dimorphus var. longa (Bacillus)y 352 
diphtheria vitulorum (Oospora)y 578 
diphtherias (Bacillus) y 383 
diphtherias (Bacterium)y 383, 401 
diphtheriae (Corynebacterium), 883,384, 
385,406,752,1131,1143,1144 
diphtheriae (Phagus), 1143 
diphtheriae avium (Bacillus) y 400 
diphtheriae avium (Bacterium) y 400 
diphtheriae avium (Mycobacterium) y9\5 
diphtheriae columbarum (Bacillus) y 401 
diphtheriae columbarum (Bacterium), 401 
diphtheriae cuniculi (Bacillus), 402 
diphtheriae cuniculi (Bacterium), 402 
diphtheriae ulcerogenes. cutaneum (Cory- 
nebacterium), 406 

diphtheria vitulorum (Bacillus),Ml f57S 


diphthericum (Microsporon), 383 
diphthericus (Micrococcus), 260 
diphtheriticus (Streptococcus), 260, 337 
diphtheroides (Bacillus), 401 
diphtheroides (Coccobacillus), 402 
diphtheroides (Corynebacterium), 388, 403 
diphtheroides (Kokkobacillus), 402 
diphtheroides brevis (Bacillus), 402 
diphtheroides citreus (Bacillus), 406 
diphtheroides gallinarum (Bacillus), 403 
diphtheroides liquefaciens (Bacillus), 404, 
405 

Diplectridium, 7,763 
DiplobacilluSy 590 

Diplococcus, 13,17,20,31, 33,42,806 
Diplostreptococcus, 312 
disciformans (Bacillus), 368, 742 
disciformans (Bacterium), 742 
disciformans (Eubacterium), 368 
disciformis (Angiococcus), 1047 
disciformis (Bacillus), 742 
disciformis (Myxococcus), 1047 
discofoliatus (Actinomyces), 927 
discoides (Neisseria),299 
DiscomyceSy 925 

dtscophora (Chlamydothrix), 985 
discophora (Leptothrix), 986 
discophora (Megalothrix), 985 
dispar (Actinomyces), 918 
dispar (Bacillus), 540, 542, 543 
dispar (Bacterium), 542 
dispar (Discomyces), 918 
dispar (Eberthella), 42,542 
dispar (Eperythrozoon), 1113 
dispar (Microsporon), 918 
dispar (Proshigella), 542 
dispar (Shigella), 542 
dispar (Sporotrichum), 91S 
disparis (Streptococcus), 339 
Dispora, 349 

disporum (Clostridium), 820 
dissimilis (Bacillus), 653 
dissimilis (Micrococcus), 260 
dissolvens (Aerobacter), 472 
dissolvens (Aplanobacter), 472 
dissolvens (Bacterium), 472 
dissolvens (Clostridium), 43, 809, 810 
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disBolvens (Erwinia), 464, 472 
diaaolvena {Phyiomonaa) ^ 472 
diaaolvena {Paeudomonaa)^ 472 
Diataaoay 20, 21, 23, 27 
distasonis (Bacteroides), 670 
diataaonia {JRiatella), 570 
diaiendena {Streptococcus), 347 
diatortua {Bacillus), 742 
diatortua {Tyrothrix), 742 
diver sum {Acetobacter), 692 
diveraum {Aerohacter), 456 
diveraum {Citrobacter), 448 
djokjakartenaia {Micrococcus), 260 
dmitrovi {Spirochaeta), 1078 
dohelli {Bacillus), 742 
dobelli {Bacillus) {Flextlia), 742 
dodecahedron (Marmor), 1169 
doederlein {Lactobacillus)^ 362 
doederleinii {Acidobactenum), 362 
domeaticua {Bacillus), 65^ 
domeaiicua {Bacterium), 653 
donnae {Actinomyces), 916 
Donovania, 569 
dori {Actinomyces), 
dori {Discomyces), 916 
dori {Nocardia), 916 
dori {Oospora), 916 
dori {Rhinocladium), 
dori {Sporotrichum), 916 
doriae {Oospora), 934,968 
dormitaior {Bacillus), 437 
dormitator {Bacterium), 437 
dormitator (Flavobacteriuni), 437 
douglaai {Bacillus), 544 
douglasi {Shigella), 544 
Douglasillus, 11, 763 
dowdeawelli {Urococcus), 282 
doyeni {Bacillus), 651 
doyeni {Micrococcus), 260 
drennani {Vibrio), 204 
Drepanospira, 1122 
drimophylua {Micrococcus), 260 
droebachense (Bacterium), 625 
droebachense {Flavobacterium), 625 
droebachense {Pseudomonas), 625 
droaerae {Bacillua), 653 
droaerae {Bacterium), 653 


drosophilae {Treponema), 1075 

dachunkowskii {Grahamella), 1110 

dschunkowski {Grahamig), 1110 

duhia {Eberthella), 533 

dubitata (Palmula), 812 

dubitatus {Acuformis), 812 

dubium {Bacterium), 

dubium {Marmor), 1172, 1214 

dubium {Rhizobtum), 225 

dubius (Annulus), 1155, 1214 

dubius {Bacillus), 533 

dubius {Bacterium), 533 

dubius (PhaKUs), 1137 

dubius pneumoniae {Bacillus), 703 

dubius var. annulus {Annulus), 1215 

dubius ViiT.flavus {Annulus), 1210 

dubius var obscurus {Annulus), 1216 

dubius YAT vulgaris {Annulus), 1216 

dubhn {Salmonella), 517 

dublin var. accra {Salmonella), 517 

dubhn var. koeln {Salmonella), 517 

duclauxh {Bacillus), 654 , 712 

duclauxti (Urobnctllus), 654, 688, 729, 742 

ducreyi {(Joccobacillus), 587 

ducreyi (Hemophilus), 687 

dudtschenkoi {Grahamella), IHO 

duesseldorf {Salmonella), 514 

dulciio-fennentans {Bacillus), 772, 824 

dunbari (Mirrospira), 203 

dunbari {Photobactei lum), 203 

dunbari {Photos pin Hum), 203 

dunbari {Vibrio), 702 

duodenale {Bacterium), 447 

duodenale {Encapsula(a) {Barillics), 447 

duplex {Bacillus), 590 

duplex {Bacterium), 590, 834 

duplex {Fernbactcrium), 834 

duplex (Hemophilus), 591 

duplex (Moraxella), 592 

duplex {Pseudomonas), 147 

duplex (Siderohacter), 831 

duplex {Sulerocystis), 835 

duplex {SiderOderma), 834 

duplex josephi (Bacillus), 592 

duplex josephi (Moraxella), 592 

duplex liquefaclens {Bacillus), 591 

duplex liquefaciens (Moraxella), 591 
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duplex non-liquefaciene {Bacillua)^ 592 
duplex non-liquefaciens (Bacterium), 592 
duplex non liquefaciens (Moraxella), 592 
duplex var. liquefaciens (Moraxella), 501 
duplex VAT, non liquefaciens (Moraxella), 
502 

duplicaius (Bacillus), 603 
duplicatus (Bacterium), 693 
durabilis (Phagus), 1142 
durans (Streptococcus), 327 
durhan (Salmonella), 519 
duttoni (Cacospira), 1060 
duttoni (Spirillum), 1060 
duttoni (Spirochaeta), 1060 
duttoni (Spirochaeta) (Microspironema), 
1060 

duttoni (Spironema), 1060 
duttoni (Spiroschaudinnia), 1060 
duttoni (Treponema), 1060 
duttonii (Borrelia), 1060, 1061, 1064, 
1066 

dysenteriae (Bacillus), 536, 537 , 538, 530, 
540 

dysenteriae (Bacterium), 536,537, 680 
dysenteriae (Ebertkella), 536 
dysenteriae (Phagus), 1132 
dysenteriae (Shigella), 535, 536, 537, 542, 
1131,1132,1133,1134, 1135 
dysenteriae Boyd I to III (Bacillus), 538 
dysenteriae Flexner I to VI (Bacillus), 538 
dysenteriae Flexner VII and VIII (Bacil¬ 
lus), m 

dysenteriae liquefaciens (Bacillus), 543 
dysenteriae liquefaciens (Bacterium), 543 
dysenteriae Schmitz (Bacillus), 536 
dysenteriae vitulorum (Bacillus), 689 
dysenteriae vitulorum (Bacterium), 680 
dysentericus (Bacillus), 536, 543 
Dysenteroides, 10 
dysgalactiae (Streptococcus), 319 
dysodes (Bacillus), 742 

eastbourne (Salmonella), 519 
eatonii (Micrococcus), 260 
Eberthella, 10, 21, 26,37,42, 494,516, 533 
Ebertkella sp, (Sendai type), 518 
Eberthus, 10, 516 


eburneus (Micrococcus), 260 
echinata (Leptothrix), M6 
eczemae (Micrococcus), 278 
cczemicus (Bacillus), 654 
edematis (Clostridium), 775 
edgeworthiae (Bacillus), 478 
edgeworthiae (Erwinia), 478 
edigtoni (Neisseria), 301 
cfficiens (Borrelina), 1226 
cfficiens (Marmor), 1189,1191 
effrenus (Phagus), 1143 
effusa (Cellulomonas), 91 
efTusa (Pseudomonas), 01 
effusay&T. nonliquefaciens (Pseudomonas), 
92 

effusus (Bacillus), 91, 718 
egens (Bacillus), 790 
egens (Clostridium), 790, 826 
egens (Stoddardillus), 790 
egregius (Bacillus), 654 
egypticum (Treponema), 1065 
Ehrenbergia, 37, 1052 
ehrenbergii (Bacillus), 597 
ehrenbergii (Bacterium), 597 
Ehrlichia, 1096 
ehrlichii (Grahamella), 1110 
Exsenbergia, 12,13, 486, 705 
eisenbcrgii (Pseudomonas), 97, 98, 698 
elaphorum (Bacterium), 145 
elastica (Actinomyces), 969 
elegans (Bacillus), 742, 814 
elegans (Flexibacter), 38 
elegans (Holospora), 1122 
elegans (Thiodictyon), 845, 849 
elipsoideus (Bacillus), 654 
ellenbachensis (Bacillus), 715 
cllenbachensis alpha (Bacillus), 715 
ellenbachi (Bacillus), 717 
ellingeri (Coccobacillus), 452 
ellingeri (Escherichia), ib2 
ellingtonii (Bacillus), Obi 
ellipsoidea (Pseudomonas), 147 
ellipsospora (Cytophaga), 1050 
ellipsospora (Sporocytophaga), 1050 
elongata (Pseudomonas), 698 
elongata (Thiospira), 702 
elusa (Spirochaeta), 1079 


1428 



INDEX OF NAMES OF 

tlasum (Treponcfna), 1079 
eminana (fiadllua), 054 
emphyaematis inaligni (Bacillua), 791 
emphyaematia vaginae {Bacillus), 790, 826 
emphyaematoaua {Bacillus)^ 789, 790 
emphyaematoaua {Bacterium), 790 
emvlainua {Bacillua), 664 
emulaionia {Bacillus)^ 742 
endia (Paeudomonaa), 698 
Encapaulatua, 10, 17, 18, 457 
encephaloidea {Bacillua), 742 
enchelya {Bacillua)^ 677 
enchelya {Bacterium), 677 
endiviae {Phijtomonas), 133 
endiviae {Pseudomonas), 133 
Endobacterium, 705 
endocarditicua {Streptococcus), 339 
endocarditidis {Bacillus), 654 
endocarditidis {Bacterium), 677 
endocarditidis capsulatua {BarUlus), 677 
endocarditidis griseua {Bacillus), 654 
endocarditidis griaeus {Bacterium), 654 
endocarditis {Cillohactenum), 369 
endocarditis {Micrococcus), 274 
endocarditis griaeus {Bacillus), 401 
endocarditis rugatus {Micrococcus), 274 
endometritidis {Bacillus), 677 
endometritidis {Bacterium), 677 
endometritis {Plocamobacterium), 677 
endometritis canis {Bacterium), 677 
endoparagogicum {Spirillufti), 217 
Endosporus, 33, 34, 763 
englemanni {Bacillus), 654 
enterica {Eberthella), 533 
enterica {Escherichia), 450 
entericus {Bacillus), 450, 533 
entericus {Enteroides), 450, 534 
entericus {Proteus), 489 
enteritidis {Actinomyces), 920 
enteritidis {Bacillus), 505, 516, 517, 782, 
818, 920 

enteritidis {Bacterium), 516 
enteritidis {Diacomycea), 920 
enteritidis {Klebsiella), 516 
enteritidis {Noeardia), 919 
enteritidis {Ooapora), 920 
enteritidis (Phagus), 1136 


GENERA AND SPECIES 

enteritidis (Salmonella), 493, 497, 516, 
517, 523, 531,1130,1136,1137 
enteritidis {Streptococcus), 339 
enteritidis ISirevtothrix), 919, 976 
enteritidis breslau {Bacterium), 502 
enteritidis breslaviense {Bacillus), 602 
enteritidis sporogenea {Bacillus), 782, 818 
enteritidis sporogenea {Clostridium), 818 
enteritidis-yellow {Salmonella), 531 
enteritidis var. chaco {Salmonella), 517 
enteritidis var. danysz {Salmonella), 517 
enteritidis var. dublin {Salmonella), 517 
enteritidis var. essen {Salmonella), 617 
enteritidis var. jena {Salmonella), 517 
enteritidis var. moscow {Salmonella), 518 
enteritidis var. mulheim {Salmonella), 617 
enteritidis var. rostock {Salmonella), 618 
enteritidis B, Typ. equinus {Bacillus), 506 
enteritidisB,Tyi>. murium {Bacillus),502 
enteritidis C, Typ. ovis {Bacillus), 506 
enteritidis var. V {Salmonella), 631 
enteritis {Streptococcus), 339 
enteritis var. libmanh {Streptococcus), 
339 

Enterohacter, 31, 32, 37 
Enterobacterium, 37 
Enterococcus, 326, 336 
enterococcus {Diplococcus), 325 
enterocoliticum {Bacterium), 677 
Enteroides, 10 

cnteroideus {Micrococcus), 695 
enteromyces (Bacillus), 654 
enterothrix (Bacillus), 742 
Entomospira, 12, 13, 28, 1058 
entomotoxicon {Bacillus), 654 
onzyinicum (Corynebacterium), 386, 407 
enzymicus (Bacillus), 386 
enzymothermophilus (Lactobacillus), 363 
eos {Mycobacterium), 905 
Eperythrozoon, 1100, 1111, 1113 
Eperythrozoon spp., 1113 
ephemerocyanea (Pseudomonas), 147 
ephestiae (Micrococcus), 260 
ephestiae No. 1 and No. 2 (Bacterium), 
759 

epidemicus (Streptococcus), 315 
epidermidis (Albococcus), 243 
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epidermidia (BaciUua)^ 742 
epidermidia (CorynebacUrium), 403, 406 
epidermidia {Leptothrix), 691, 742 
epidermidis (Micrococcus), 243. 252, 
254, 255, 256, 259, 264, 265, 270, 271, 
272 

epidermidia (Plocnmobacterium), 691 

epidermidia (Staphylococcua) ^ 243 

epidermidia var. A {Albocoecua)y 243 

epidermidia albua {Micrococcua)y 243, 268 

epidermidia albua (Staphylococcua), 243 

epidermia (Aficrococcua), 278 

Epidermophyian ap.y 921 

epimeiheua (Micrococcua) y 260 

epiphitica {Chlamydothrix) y 986 

epiphytica (Leptothrix), 985 

epiphytica {Lyngbya)y 986 

epiphytica (Streptothrix) y 885 

epiphyiua {Bacillua)y 743 

eppingeri {Actinomyces) y 896 

eppingerii {Strepiotrix) y 896 

epsilon (Bacillua)y 654 

epsilon {Bacterium) y 654 

epsteinii {Achromobacter)y 424 

equae (Tortor), 1278 

equarius {Streptococcus) y 339 

equatilia communis {Bacillus)y 102 

equestria {Malleomyces), 554 

equi {Actinomyces) y 920 

equi {Bacillus) y 654 

equi {Bacterium)y 541 

equi {Bollingera) y 253 

equi {Botryomyces)y 253 

equi (Corynebacterium), 391 

equi {Corynethrix)y 406 

equi {Diacomyces)y 252,920 

equi {Mycobacterium) y 391 

equi {Nocardia)y 920 

equi {Sarcina)j 290, 291, 292, 294 

equi {Shigella)y 541 

equi {Spirillum) y 1066 

equi {Spirochaetg)y 1066 

equi {Sptronema)y 1066 

equi {Spiroschaudinnia), 1066 

equi (Streptococcus), 317.318 

equi (Treponema)y 1066 

equi intestinalis {Bacillus)^ 654 


GENERA AND SPECIEb 

equi intestinalis (Bacterium) y 654 
equidiatans {Bacillus) y 1098 
equina {Spirochaeta)y 1066 
equinus (Erro), 1253 
equinus (Hostis), 1240 
equinus (Streptococcus), 323. 339 
equirulia (Bacillus) y 541 
equirulis (Shigella), 540 
equiseptica (Paateurella) y 553 
equiaepticua {Bacillua)y 553 
equisimilis (Streptococcus), 318, 319 
equorum (Tortor), 1277 
equorum (Trifur), 1282 
equuli {Bacillua)y 541 
erebea (Legio), 1259 
erectum (Podangium), 1008, 1034 
erectua (Chondromycea) y 1034 
erectua (Cyatobacter)y 1034 
eriobotryae (Bacterium) y 144 
eriobotryae (Phytomonas) y 144 
eriobotryae (Pseudomonas), 144 
erivanense (Bacterium)y 471 
erivanensia {Bacillus), 471 
erivanensis (Erwinia), 471 
ErmengemilluSy 11, 763 
erodena (Bacillus), 743 
erodens (Foliopelhs), 1171 
erodens (Marmor), 1171 
erodens var. severum (Marmor), 1171 
erodens var. vulgare (Marmor)y 1171 
erodii (Bacterium), 121 
erodii (Phytomonas), 121 
erodii (Pseudomonas), 121 
Erro, 1248 

erubescena {Bacillus), 654 
Erwinia, 31, 42, 443, 463, 476 
erysipelatia (Micrococcus) ,^15 
eryaipelatoa (Staphylococcus), 315 
eryaipelatoa (Streptococcus), 315, 1139 
eryaipelatos-suis (Bacillus), 410 
erysipelatos-suis (Eryaipeloihrix), 410 

eryaipelatoa auum (Bacterium), 410 
erysipelatosua (Streptococcus), 315 
eryaipeloidea (Babeayi), 411 
eryaipeloidea (Streptothrix), 411 
eryaipeloidis (Actinomyces), 411 
erysipeloidis (Bacterium), 411 
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eiys-exan 


erysipeloidis (Erysipelothrix), 411 
erysipeloidis (Oospora)^ 411 
Erysipelothrix, 18, 21, 22, 27, 28, 35, 37, 
38, 409, 410 

erythemaiis {Bacillus) j 742 
erytkernatis {Bacterium), 742 
erythemaiis maligni {Bacillus), 742 
erylhra {Pseudomonas), 147 
erythraeus {Bacillu8),ij4\ 
erythrea {Nocardia), 920 
erythrea {Streptothrix), ^20 
erythreus {Actinomyces), 938 
erythreus (Streptomyces), £38 
Erythrobacillus, 10,479 
Erythrobacierium, 32 
erythrochromogenes {Actinomyces), ^4 
erythrochromogenes {Streptomyces), 944 
Erythroconis, 844 
erythrogenes {Bacillus), 6(K) 
erythrogenes (Bacterium). 600, 601, 602 
erythrogenes {Corynebacternim), 600 
erythrogenes {Erythrohacillus), 600 
erythrogenes rugatus {Bacillus), 
erythrogloeum (Bacterium), 637 
erythromyxa {Bacillus), 677 
erythromyxa {Bacterium), 677, 687 
erythromyxa {Micrococcus}, 291 
erythromyxa {Micrococcus) {Staphylo¬ 
coccus), 392, 677 

erythromyxa {Rhodococcus), 8, 677 
erythromyxa {Sarcina), 291 
erythropolis {Actinomyces), 898 
erythropolts {Mycobacterium), 898 
erythropolis (Nocardia), 898 
erythropolis {Proactinomyces), 898 
erythrospora {Pseudomonas), 147 
erythrospores '{Bacillus) (Streptobacter), 
654 

erythrosporus {Bacillus), 147, 654 
erythrosporus {Bacterium), 654 
erzinjan {Salmonella), 507 
Escherichia, 3, 10, 21, 26, 31, 37, 443, 444, 
448, 450, 458, 492, 694 
cscherichii {Bacillus), 445 
essen 17S {Salmonella), 505 
esseyana {Serratia), 484 
esterificans {Bacillus), 43,743 


estenjicans (Micrococcus), 260 

esterificans (Plectridium), 743 

esterificans fluorescens {Bacillus), 654 

esterificans stralauense (Bacterium), 654 

esteroaromaticum (Bacterium), 436 

esteroaromaticum (Flavobacterium). 436 

eta (Bacillus), 654 

eta {Bacterium), 654 

eihaceticus (Bacillus) ,tdb4 

eihacetosuccinicus (Bacillus), 655 

ethylicum (Eubacterium), 367 

ethylicus (Amylobacler), 813 

etousae (Shigella), 544 

Euacetobacter, 180 

Euactinomyces, 929 

Euhacillus, 9, 28 

Eubacterium, 27, 28, 33, 34, 387 

huclostridium, 763 

Eucystia, 13, 546 

Eugluconobacter, 180 

Eumyces, 876 

euonyrni (Marmor), 1187 

euprima (Vibrio), 702 

europaea (Nitrosomonas), 70 

europaea (Pseudomonas), 70 

europaea var. italica (Nitrosomonas), 70 

europaeus (Planococcus), 70 

eurydice (Achromobacter), 421, 724 

eurydice (Bacterium), 421 

eurygyrata (Borrelia), 1066 

curygyrata (Spirillum), 1066 

eurygyrata (Spirochaeta), 1066 

eurygyrata (Spiroschaudinnia), 1066 

eurygyratum (Spironema), 1066 

curygyratum (Treponema), 1067 

euryhalis (Micrococcus), 695 

eurystrepta (Spirochaeta), 1062 

eutetticola (Chlorogenus), 1219 

evagatus (Charon), 1266 

evanidus (Bacillus), 74b 

evansi (Brucella), 563 

evolutus (Streptococcus), 832 

exanthematica (Spirochaete), 1070 

exanthematicum (Bacterium), 677 

exanthematicus (Bacillus), 677 

exanthematicus (Micrococcus), 260 

exanthematofebn (Rickettsia), 1086 
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emnthematotypHi {Riekett$ia), 1084 
exanihematotyphi (Spiroehaeta)^ 1067 
exanthematotypki {Treponema), 1067 
exapatue {Bacillus),^ 
excavaius {Mierococcue), 260 
excurrena {Bacillua), 716 
exedene {BaciUus), ^1 
exfoliatus {Actinomyces), 951 
exfoliatus (Streptomyces), 961 
exigua {RieteUa), 569, 576 
exiguum {Bacterium), 590,655 
exiguus {Bacillus),^, 743 
exiguus (Bacteroides), 569, 576 
exiguus {Micrococcus), 260 
exiguus {Myxococcus), 1045 
exiguus (Rabula), 19S6 
exilis {Bacillus), 352,743 
exitiosa {Phytomonas), 163 
exitiosa {Pseudomonas), 163 
exitiosum {Bacterium), 163 
expositionis {Micrococcus), 260 
expressus {Micrococcus), 261 

fabae {Bacillus), 224 
fabae {Phytomonas), 139 
fabae (Pseudomonas), 139 
fabae {Rhizohium), 224 
faecalis (Alcaligenes), 413, 416 
faecalis No. I {Bacillus), 755 
faecalis No. II {Bacillus), 753 
faecalis (Streptococcus), 326, 326, 336 
faecalis alcaligenes {Bacillus), 413 
faecalis var. mariense {Alcaligenes), 416 
faecalis var. radicans {Alcaligenes), 413 
faecaloides {Bacillus), bii 
faecaloides {Shigella), 544 
faecium {Streptococcus), 325 
faeni {Aerohacter), 456 
fairmountense {Achromobacter), 90 
fairmountensis {Bacillus), 90 
fairmountensis (Bacterium), 698 
fairmountensis (Pseudomonas), 90, 698 
falciformis (Leptothrix), 366 
fallax {Bacillus), 773 
failax (Clostridium), 773 
faUax (Spirochaeta), 1069 
faUax (Treponema), 1069 


fallax {VaUonllus),m 

famiger (Bacillus), 655 

farcini bovis (Streptothrix), 895 

fardnica (Cladothrix), 895 

farcinica (Nocardia), 896 

fardnica (Oospora), 805 

farcinica (Streptothrix), S95 

farcinicjis (Actinomyces, 895 

fardnicus (Bacillus), 895 

farcinicus (Discomyces), 895 

fametianus (Bacillus), 477 

fasckingii (Bacterium), 459 

fascians (Corynebacterium), 395 

fascians (Phytomonas), 395 

fasdformis (Bacillus), 360 

fastidiens (Marmor), 1189 

fastidiens var. denudans (Marmor), 1190 

fastidiens var. fastidiens (A/armor), 1190 

fastidiens var. mite (Marmor), 1190 

fastidiens var. reprimens (Marmor), 1190 

fastidiosus (Bacillus), 743 

fausseki (Bacterium), 677 

faviformis (Micrococcus), 261 

febrilis (Spirochaeta), 1079 

febris (Spirochaeta), 1067 

fecale (Flavobacterium), 416 

fecale aromaticum (Bacillus), 416 

fecalis alcaligenes (Bacterium), 413 

feddei (Micrococcus), 261 

feiteli (Bacterium), 108 

felidae (Treponema), 1076 

felinus (Streptococcus), 339 

felis (Bacillus), 655 

felis (Bacterium), 553 

felis (Coccodxicterium), 655 

felis (Miyagawanella), 1118 

felis (Pasteurella), 553 

felis (Tarpeia), 1271 

felis (Tortor), 1279 

felis septicus (Bacillus), 553 

felis septicus (Bacterium), 553 

felsineum (Clostridium), 806 

felsineus (Bacillus) ,606 

felsinus (Clostridium), 806 

felihami (Pseudomonas), 698 

Fenobacter, 705 

ferarum {Pasteurella), 547 
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fermentana (Flavobaclerium)^ 172 
fcrincntans (Pseudomonas), 172 
fermentatac (LactobacUlus), 35S 
Jermeniationia (Achromobacter), 424 
fermeniationia (Bacillua)y 655 
fermentationia {Bacterium)^ 424 
fermentation is ccllulosac (Bacillua)y 80!> 
fermenti (Lactobacillus), 350, 360 
fermenti {Micrococcus), 340 
fermenti {Streptococcus) y 310 
fermentoaus {We8enbergu8)y 534 
fermentum {Lactobacterium) y 360 
ferophilum {Bacterium) , 677 
ferrarii {Pacinia)y 690 
ferrigenus {Bacillus) y 743 
ferruginea (Ccllulomonas), 620 
ferruginea {Chlamgdothrix)y 8ill 
ferruginea {Didijmohelix)y 831 
ferruginea {Gaillonella), 831 
ferruginea ((lallionclla), 831, S32 
ferruginea {Gloeotila), 831 
ferruginea {Itcraonia), 1044 
ferruginea {Sorardia)y 075 
ferruginea {Spirochaete)y Kll 
ferruginea {Spirulinn), 831 
ferruginea {Toxothriz)y{)M 
ferrugincum {Bacterium)y 655 
ferrugino.uin (Flavobactorium), 438 
ferrugineum {Xodofolium)y 831 
ferrugineum (Polyangium), 1031 
ferrugineum {Spirillum)y 8i^l 
ferrugineum {Spirophyllum), 
ferrugineum {Spirosoma)y 8^^! 
ferrugineus (Actinomyces)y 075, 060 
ferrugineus (Bacillus)y 620, 655 
ferruginia (Glocosphacra), 8.31 
fertilia {Bacillus) y 655 
fervitosua (Micrococcus) y 261 
fescri (Bacillus) y 776 
feaeri (Cloatridium), 775, 776 
fcatinus (Bacillus), 743 
fetus (Spirillum), 201 
fetus (Vibrio),201 
fibroaua (Bacillus), 814 
Jici (Bacterium) y6\i) 
fici (Phytomonaa f), 640 
fickii (Micrococcus), 261 


fickii (Pacinia), 690 
figurans (Bacillus), 655,718 
figurans (Bacterium),71^ 
fijiensis (Galla), 1167 
filamentosa (Palmula), 800 
Jilamentosum (Bacterium), 743 
fdamentosum (Catenabactcrium), 368 
filamentosum (Clostridium), 800 
filamentosum fCorynebacterium), 397, 
920 

Jilarnenlosus (Ac uf or mis), 800 
filametUosus (Bacillus), 743 
Jilamentosus (Lactobacillus),^6'^ 
filaris (Bacillus), 743 
filntim (Lactobacterium), 363 
fiUfaciens (Achromobacter), 424 
jdcfaciens (Bacterium), 424 
Idtcolonicus (Bacillus), 743 
fill forme (Bacterium), 759 
hlifonne (Clostridium), 792 
fill for mis (AcUnomyces), 969 
fiUformis (Bacillus), 578, 718, 743, 969 
filiformis (Caryophanon), 1004 
filiformis (Leptothi ix), 366 
idifonnis (Socardia), 069 
filiformis (Stmonsidla), 1004 
filiformis (Tyrothrix)y74'i 
filiformis hnvatnensis (Bacillus), 679 
filiformis harnniensis (Bacterium)^ 679 
finia (Corynebacterium), 396 
fimbnatn ^Pseudomonas), 147,698 
fimbriatus (Actinomyces), 960 
(imbriatiis (Bacillus), 147 
fimbnatus (Bacterium), 698 
fit me atari a (Sarcina), 291 
fimi (Bacillus), 396 
fimi (Bactcri um) , 396,397 
fimi (Cellulomonas),'S06 
fim lean us (Acti nom yces), 040 
fimicarius (Streptoinyces), 940 
finitunum (Bacterium), 678 
finiiimus ruber (Bacillus), 655, 678 
finitimus ruber (BactcriunO,67>s 
finkleri (Mierospira), 107 
finklen (Pacinia), 107 
finkleri (Spirillum), 107 
finkleri (Vibrio), 197 
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finlayensia (Micrococcus) ^ 261 
firmuB (Bacillus), 713 
fischeli (Stfepiococcua) ^ 340 
Jiacheri (Achromohacter), 633 
fiacheri (Bacillua), 633, 635 
fiacheri (Microapira) ^ 633 
fiacheri (Photohacterium), 633, 634, 636, 
636 

fiacheri (Vibrio)^ 633 
Fiacherinurriy 13 
fissum (Clostridium), 773 
fiaauratua (Bacillus) ^ 743 
fiaaua (Bacillus), 773 
fits (Bacterium), 771 
fitzianum (Bacterium), 74Z 
fiizianus (Bacillus), 743 
flabelliferum (Clostridium), 783 
fiaccidijex (Gyrococcua) , 250,261 
fiaccidijex danai (Micrococcus), 261 
flaccumfaciena (Bacterium), 399 
flaccumfaciens (Corynebacterium), 398, 
399 

flaccumfaciens (Marmor), 1193 
Jlaccumfodena (Phytomonaa), 399 
fiaccumfaciens (Pseudomonas), 399 
ftacheriae (Borrelina), 1227 
fiagellatua (Bacillus), 833 
flagellatua (Micrococcus), 261 
fiagellifer (Bacillus), 743 
flava (Cellulomonas), 618 
flava (Hydrogenomonas), 77,78 
flava (Neisseria), 298, 299 
flava (Nocardia), 908 
flava (Sarcina), 253, 288, 290, 291, 292, 
293,294 

fiava (Streptothrix), 923, 969, 975 
fiava hegoniae (Phytomonaa), 155 
flava variana (Merismopedia), 240 
flavena (Micrococcus), 26? 
flaveolua (Actinomyces), 936 
flaveolus (Streptomyces), 936 
flaveacena (Bacillus), 441, 669, 744 
flavescens (Cellvibrio), 210 
flaveacena (Flavobacterium), 441 
flavescens (Micrococcus), 261 
flavescens (Neisseria)^ 299 
flavescens (Nocardia), 913 . 


flaveacena (Pneumococcus), 
flaveacena (Proactinomycea), 913 
flaveacena (Sarcina), 291 
flaveadena (Spirillum), 204 
flaveacena (Spiroaoma), 204 
flaveacena (Vibrio), 203, 204 - 
flaveum (Bakterium), 678 
flavicula (Cytophaga), 1016 
flavida (Erwinia), 471 
flavidescens (Bacillus), 655 
flavidum (Corynebacterium), 
flavidus (Bacillus), 406,471,744 
flavidus (Micrococcus), 261 
flavidus alvei (Bacillus), 744 
flavigena (Bacillus), 622 
flavigena (Cellulomonas), 622 
Flavimacula, 1202 
Flavobacter, 427 

Flavobacterium, 20, 31, 32, 81, 427, 440, 
442, 533, 609, 1296 

flavochromogenea (Actinomyces), 941 
flavochromogenes (Streptomyces), 941 
flavocoriaceum (Bacterium), 678 
flavocoriaceus (Bacillus), &7S 
flavocyaneua (Staphylococcus), 282 
flavofuscum (Bacterium), 678 
flavognseus (Actinomyces), 969 
flavoides (Bacillus), 655 
flavotennae (Flavobacterium), 439 
flavovirena (Actinomyces), 940 
flavovirens (Micrococcus), 261 
flavovirens (Streptomyces), 940 
flavoviridts (Bacillus), 744 
flavozonata (Bacterium), 155 
flavozonatum (Xanthomonaa), 155 
flavum (Archangium), 1019 
flavum (Bacterium), 678 
flavum (Flavobacterium), 441 
flavum (Microbacterium), 370 
flavum (Mycobacterium), 370 
flavum (Nitrobacter), 76 
flavum (Polyangium), 1019 
flavum (Semiclostridium), 7^2 
flavum (Spirillum), 20A 
flavum (Spirosoma), 204 
flavus (Actinomyces, 923, 945, 969, 970, 
975 
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flar-fluo 


flavut (Bacillus), 441, 666,674,710 
flavus I (Diplococcus) y 299 
flavu8 II (Diplococcu8)y 299 
flavu8 (Micrococcus) y 238, 252, 253, 256, 
257, 258, 259, 261, 262, 266, 268, 270, 
274, 276 , 277, 278, 280, 281 
fiavus (Proacimomyces) y 908 
flavus (Streptomyce8)y 945 
flavus (Vibrio)y 203,204 
flxivus conjunctividis (Micrococcus)y 257 
flavus desidens (Micrococcus) y 339 
flavus-liqueSaciens (Diplococcus) y 278 
flavus liquefaciens (Micrococcus)y 238 
flavus liquefaciens tardus (Diplococcus)^ 
278 

flavus non liquefaciens (Micrococcus) y 261 
flavus non pyogenes (Staphylococcus)y 282 
flavus tardigradus (Micrococcus) y 278 
FlemingilluSy 11, 763 
fletcheri (Rickettsia) y 1086 
Flexibacter, 38 
flezibilis (Spirochaeta) y 1053 
flexile (Bacterium), 717 
FlexiliSy 742 

flexilis (Bacillusj, 742, 744, 1007 
flexilis (Flexibacter) y 38 
Flexnerella, 535 
flexneri (Bacillus) y 537 
flexneri (Bacterium) y 537 
flexneri (Eherthella), 537 
flexneri (Shigella) y 537 
flexuosa (Saprospira), 1055 
flexuosus (Bacillus), 655 
flexuosus (Bacterium), 655 
FlexuSy 20, 22 
flexus (Bacillus), 744 
floccogenum (Lactobacterium), 363 
floccosus (Bacillus), 579, 655 
floccosus (Bacteroides) y 579 
floccosus (Spherophorus) y 579 
flocculens (Corynebacterium), 403 
flocculus (Actinomyces), 955 
flocculus (Streptoinyces), 965 
florida (Salmonella), 528 
floridana (Pseudomonas), 
floridana (Thiocapsa), 845 
floridana (Thiospirillopsis), 993 


flueggei liquefaciens (Vrococcus)2&b 
fluggei (Bacillus)', 814 
fluggi (Bacillus), 716 725 
fluidificans (Bacillus), 655 
fluidificans parvus (Bacillus), 655 
fluidificans tardissimus (Bacillus), 670 
fluitans (Chlamydothrix), 982 
fluitans (Leptothrix), 982 
fluitans (Sphaerotilu8),982 
fluitans (Streptothrix), 982 
Fluorescens, 32 

fluorescens (Bacillus), 89, 656, 693, 716 
fluorescens (Bacterium), 90 
fluorescens (Micrococcus), 262 
fluorescens (Proteus) y%^ 
fluorescens (Pseudomonas), 90, 97, 145, 
1*47, 394, 649, 693,698 
fluorescens (Streptococcus), 340 
fluorescens albus (Bacillus), 145, 656 
fluorescens aureus (Bacillus), 146,656 
fluorescens aureus (Bacterium), 656, 697 
fluorescens aureus (Pseudomonas), 145 
fluorescens baregensis (Bacillus), 656 
fluorescens capsulatus (Bacillus), 93 
fluorescens convexus (Bacillus), 96 
fluorescens convexus (Bacterium), 697 
fluorescens crassus (Bacillus), 698 
fluorescens crassus (Bacterium), 698 
fluorescens exitiosus (Pseudomonas), 147 
fluorescens foetidus (Diplococcus), 340 
fluorescens foetidus (Streptococcus), 340 
fluorescens foliaceus (Bacillus), 147 
fluorescens foliaceus (Bacterium), 698 
fluorescens incognitus (Bacillus), 95 
fluorescens incognitus (Bacterium), 698 
fluorescens liquefaciens (Bacillus), 90, 
632, 649, 656 

fluorescens liquefaciens (Bacterium), 698 
fluorescens liquefaciens minutissumus 
(Bacillus), 148,656 

fluorescens longus (Bacillus), 148, 658 
fluorescens longus (Bacterium), 656,699 
fluorescens mesentericus (Bacillus), 148 
fluorescens minutissimiis (Bacterium), 
fluorescens mutabilis (Bacillus), 693 
fluorescens mutabilis (Bacterium), 
fluorescens nivalis (Bacillus), 145, 693 
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fluoreaatu nivalis (BacUrium), 693 
fiuorescens non-liguefadens (BaciUtta), 
98,145,149 

fiuorescens non4iquefaciens (Bacterium), 
698 

fiuorescens ovalis (Bacillus), 97 
fiuorescens ovalis (Bacterium), 609 
fiuorescensputidus (Bacillus),96, 148,699 
fiuorescens putidus colloides (Bacillus), 
146 

fiuorescens putridus (Bacillus), 96 
fiuorescens schuylkilliensis (Bacterium), 
700 

fiuorescens septicus (Bacillus), 94 
fiuorescens tenuis (Bacillus), 149, 656 
fiuorescens tenuis (Bacterium), 656, 701 
fiuorescens undulatus (Bacillus), 149, 744 
Fluoromonas, 11, 83 
fiuxum (Plectridium), 79^, 826 
foedans (Bacillus), 367 
foedans (Eubacterium), 367 
foersteri (Actinomyces), 970 
foersteri (Cladothrix), 970 
foersteri (Cohnistreptothrix), 970 
foersteri (Discomyces), 970 
foersteri (Nocardia), 970 
foersteri (Oospora), 970 
foersteri (Streptothrix), 934, 970, 977 
foetida (Bacterium), 531 
foetida (Cornilia), 787 
foetida (Escherichia), 531 
foetida (Salmonella), 531 
foetidissimus (Bacillus), 656 
foetidum (Clostridium), 787, 820, 826 
foetidum (Paraplectrum), 782, 825* 
foetidum (Plectridium), 782 
foetidum carnis (Clostridium), 787,826 
foetidum fscale (Clostridium), EXS 
foetidum lactis (Clostridium), 818 
foetidus (Bacillus), 534,656,787 
foetidus (Endosporus), 782 
foetidus (Micrococcus), 262, 329, 339 
foetidus (Streptococcus), 262, 329, 340 
foetidus var. buccalis (Streptococcus), 320 
foetidus clostridiiformis (Bacillus), 787 
foetidus lactis (Bacillus), 660 
foeiiduB liquefaciens (Bacillus), 42^,655 


foetidus ozaenae (Bacillus) ^ 658 
foetidus ozaenae (Bacterium), 658 
foetidus ozenae (CoccobaciUus), 531 
foetus ovis (Vibrio), 201 
folia (Cellulomonas), 618 
foliacea (Pseudomonas), 147, 698 
foliaceus (Bacillus), 744 
foliicola (Bacillus), 678 
foliicola (Bacterium), 67S,6S5 
forans (Spirochaeta), 1070 
jorans (Spirochaete), 1070 
forans (Treponana), 1070 
fordii (Actinomyces), 95S 
fordii (Streptomyces), 958 
formica (Escherichia), 452 
formicum (Achromobacter), 452 
formicum (Bacterium), 452 
Formido, 1263 

formosanum (Bacterium), l33, 1136 
formosum (Achromobacter), 424 
formosus (Bacillus), 424, 745 
formosus (Bacterium), 424 
fortis [Vibrio), 702 
fortissimus (Bacillus), 656 
fossicularum (Bacillus), 809, 814 
foulertoni (Actinomyces), 920 
foulertoni (Discomyces), 920 
^foulertoni (Nocardia), 920 
foutini (Bacillus), 744 
Fractilinea, 1159 
fradiae (Streptomyces), 954 
fradii (Actinomyces), 9b4 
fraenkelii (Bacterium), 145, 260 
fragariae (Blastogenus), 1207 
fragariae (Marnior), 1195 
fragariae (Nanus), 1207 
fragariae I (Pseudomonas), 100 
fragariae II (Pseudomonas), 100, 101 
fragaroidea (Pseudomonas), 100, 101 
fragi (Bacterium), 100 
frag] (Pseudomonas), 100 
fragilis (Bacillus), 5^, 801, 826 
fragilis (Bacteroides), 32, 566, 575 
fragilis (Fusiformis), 566 
fragilis (Merismopedia),262 
fragilis (Micrococcus), 262 
fragilis (Phagus), 1140 
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froffilis {Recordillus) y 823 
fragilis (Ruiella), 32,666,575 
francai (Grahamella), 1110 
frankei (Bacillus), 744 
frankii var. majus (Rhizobium), 22\ 
frankii var. minus (Rhizobium), 224 
franklandiorum (Micrococcus), 262 
fraxini (Pseudomonas), 132 
freeri (Actinomyces), 896 
freeri (Discomyces), 896 
freeri (Nocardia), 896 
freeri (Oospora), 896 
freeri (Streptoihrix), 896 
frequens (Vibrio), 702 
freudenreichii (Bacillus), 744 
freudenreichii (Micrococcus), 238, 251 
252, 257, 260, 263, 264, 265, 266 , 269, 
272, 274, 275, 277, 284 
freudenreichii (Propionibacteriuiu), 373, 
374, 375, 376, 377 , 378 
freudenreichii (Urobacillus), 744 
freudi (Spherophorus), 579 
freundii (Bacterium), 448, 678 
freundii (Bacteroides), 579 
freundii (Citrobacter), 448 
freundii (Colobactrum), 448 
freundii (Escherichia), 448, 460 
friburgensis (Bacillus), 888, 890 
friburgensis (Mycobacterium), 888, 890 
friedebergensis (Bacillus), 530 
friedebergensis (Bacterium), 530 
friedlander (Bacterium), 458 
friedlanderi (Bacillus), 458 
friedlanderi (Coccobacillus), 458 
friedlanderi (Klebsiella), 458 
fiiedmanii (Bacillus), 
friedmannii (Mycobaotorium), 883, 884, 
885,886,887,890 
fructovorans (fjoctobacillus), 363 
frutodestruens (Bacillus), 744 
fucatum (Flavobacterium), 436 
fuehsina (Serratia), 484, 701 
fucKsinus (BaciUus)^ 484 
fuchsinus (Erythrobacilhis), 484 
fuehsinus (Proteus), 701 
fucicola (Bacterium), 627 
fulgurans (Spirochaeta), 1053, 1054 


fuliginosus (Bacillus), 656 
fulminans (Bacillus), 717 
fulva (Neisseria), 301 
fulva (Sarcina), 291 
fulvissimus (Actinomys.es), 946 
fulvissimus (Strcptomyces), 946 
1‘ulvum (Bacterium), 605 
(ulvum (Flavobacterium), 605 
fulvum (lihodospirillum),868 
fulvus (Bacillus), 605, 656 
fulvus (CVIlvibro), 210 
fulvus (Galactococcus), 250 
lulvus (Microcorcus), 262, 281, 1041 
fulvus (Myxopoccus), 1008, 1041 
lulvus (Rhodococcus), 8, 258, 281, 1041 
lulvus var albus (Myxococcus), 1041 
fulvus var. mintatus (Myxococcus), 1041 
nimeus (Bacillus), 
fumigatus (Bacillus), 612 
fumosum (Polyangium), 1032 
jumosus (Bacillus), 656 
fund uliform is (Bacillus), 566 
funduliformis (Bacteroides). 566, 579, 
1295 

Junduliformts (Spherophorus), 566, 579 

fungiform IS (Cladolhrix), 983 

fungoides (Bacillus), 678 

fungoides (Bacterium), 678 

fungosus (Bacillus), 656l 

funicularis (Bacillus), 74*4, 814 

furcabilis (Cladascus), 13 

furcosa (Ristella), 575 

furcosus (Bacillus), 575 

furcosus (Bacteroides), 575^ 

furcosus (Fusiformis), 575 

fure'ns (Tortor), 1280 

furvus (Bacillus), 744 

fusca (Actinomyces), 924, 970 

fusca'(Ccllfalcicula), 211 

fusca (Clonothrix), 983, 987 

fusca (Crenothrix), 983 

fusca (Micromonospora), 979 

fusca (Nocardia), 923 

fusca (Oospora), 923 

fusca (Sarcina), 291 

fusca (Streptoikrix), 923 

fuscans (Bacillus), 656 
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fuscescens (Bacillus)^ 656 
fuscescens (Bacterium)y ^7 
fuscescens (Sarcina)^ 291 
fuscum (Bacterium)y 611, 678 
fuscum (Chromobacterium)y 611 
fuscum (Flavohactcriurn), 611 
fuscum (Polyanpium), 1006, 1008, 1030 
fuscum var. velatum (Polyangium)y 1006, 
1030 

fuscus (Bacillus)y 611, 650, 652, 657, 678, 
680 

fuscus (Cystobacicr)y 1030 
fuscus (Discomijces) y 923 
fuscus (Micrococcus), 262, 277 
fuscus (Vibrio), 204 
fuscus limbaius (Bacillus), 656 
fuscus limbaius (Bacterium), 657 
fuscus liquefactens (Bacillus), 680 
fuscus liquefaciens (Bacterium), 680 
fuscus palhdior (Bacillus), 683 
fuscus pallidior (Bacterium), 683 
Fusibacillus, 20, 22 
fusiforme (Corynebacterium), 581 
fusiforme (Rhabdochromatium), 854 
Fusiformis, 13, 18, 19, 28, 30 34, 38, 
581,683 

fusiformis (Bacillus), 581,728 
fusiformis (Bacteroidea), 22 
fusiformis (Fusiformis), 581 
fusiformis (Rhabdomonas), 854 
fusisporus (Bacillus) (Streptobacter), 744 
Fusobacterium, 18, 27, 37, 581, 583 
FusocilluSy 34,38,581 
fusus (Bacillus), 744 
futilis (Phagus), 1144 

gabritsckewski i (A ctinom yces), 970 
gadi (Microspironema), 1067 
gadi (Spirochaeta), 1064, 1066, 1068 
gadi (Spironema), 1067 
gadi (Treponema), 1067 
gadi pollachii (Spirochaeta), 1069 
gadidarum (Diplococcus), 289 
gadidarum (Pediococcus), 289 
gaerlner (Bacillus), 619 
Oaffkia, 33, 34 
Gaflfkya, 29,31,34,883,284 


GENERA AND SPECIES 

Gaillonella, 831 
Galactococcus, 235 
galactophila (Escherichia), 452 
galactophilum (Bacterium), 452 
galba (Ccllulomonas), 617 
galbanatus (Micrococcus), 262 
galbus (Bacillus), 617 
Galla, 1167 

galleriae (Bacterium), 750 
galleriae No. 1 (Bacterium), 759 
galleriae No. S (Bacterium), 759 
galleriae No. S (Bacterium), 760 
galleriae (Streptococcus), 340 
galli (Tortor), 1279 
gallica (Spirochaeta), 1067 
gallicidus (Micrococcus), 262 
gallicolum (Treponema), 1075 
gallicum (Treponema), 1067 
gallicus (Actinomyces), 959 
gallicus (Streptomyces), 969 
gallii (Clostridium), 820 
galliuac (Legio), 1262 
gallinae (Pasteurella), 547 
gallinae (Spirochaeta), 1058 
gallinarum (Bacillus), 520, 530 
gallinarum (Bacterium), 520 
gallinarum (Borrelia), 1058 
gallinarum (Corynebacterium), 403 
gallinarum (Grahamella), 1110 
gallinarum (Hemophilus), 589 
gallinarum (Listerclla), 
gallinarum (Salmonella), 492 , 493, 498, 
620, 521, 1135, 1136, 1137 
gallinarum (Shigella), 520 
gallinarum (Spirochaeta), 1058 
gallinarum (Spironema), 1058 
gallinarum (Treponema), 1058 
gallinarum (Trifur), 12M 
gallinarum var. duisburg (Salmonella), 
521 

gallinarum var. hereditaria (Spirochaeta), 
1059 

Gallionella, 12, 17, 35, 831, 832 
galophilum (Achromohactei), 424 
galticri (Bacillus), 657 
garninara (Salmonella) , 529 
gamma (Bacillus), 678 
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gamma (Bacterium) y 078 
gammari (Bacterium) y&7S 
ganglijorme (Bacterium), 744 
gangliformis (Badllus), 744 
gangraenae (Bacillus), 744, 814 
gangraenae carcinomatosae (Spirochaet a) 
1067 

gangraenae pulpae (Bacillus), 744 
gangraenosa nosocomtalis (Spirochaeta), 
1067 

gangraenosa nosocomtalis (Treponema), 

1067 

gangrenae emphysemaiosae (Bacillus), 776 
gangr. ovium (Micrococcus), 267 
gangrenae pulmonaris (Strepiohacillus) 
368 

gangrenosus (Ascococctis), 250 
gardeniae (Phytomanas), 136 
gardeniae (Pseudomonas), 136 
gardneri (Nocardia), 914 
gardneri (Proactinomyces), 914 
garteni (Actinomyces), 976 
garteni (Discomyces), 97^ 
garteni (Nocardia), 975 
garteni (Oospora), 975 
gasoformans (Achromobacter), 424 
gasoformans (Bacillus), 424, 657, 745 
gasoformans (Bacterium), 424 
gasoformans (Pseudomonas), 147 
gasoformans (Sarcina), 291 
gasoformans non liquefaciens (Bac¬ 
terium), 667 

gasogenes (Bacillus), 812 
gasogenes alcalescens anaerobius (Micro¬ 
coccus), 303 

gastrica (Escherichia), 451 
gastricus (Bacillus), 451, 669 
gastrochaenae (Christispira), 1056 
gastrochaenae (Spirochaeta), 1056 
Gastrococcus, 326 
gastromycosis ovis (Bacillus), 775 
gastrophilum (Bacterium), 352 
gastrophilus (Bacillus), 352 
gatuni (Salmonella), 516 
gauducheau (Vibrio), 204 
gayonii (Bacterium), 360 
gayonii (Lactobacillus), 360 


gamtn-geni 

gayloni (Bacillus), 657 
gazogenes (Bacillus), 612 
gazogenes (Micrococcus), 303 
gazogenes (Plectridium), 812 
gazogenes (Veillonella), 303, 304 
gazogenes parvus (Bacillus), 812, 827 
gazogenes var. gingivalis (Veillonella), 
304 

gazogenes var. minutissima (Veillonella), 
304 

gazogenes var. syzygios (Veillonella), 304 
gedancnsis (Actinomyces), 970 
gedanensis (Discomyces), 970 
gedanensis (Nocardia), 970 
gedanensis (Streptothrix), 970 
gedanensis I (Streptothrix), 934, 970 
gelatica (Pseudomonas), 107 
yelaticum (Bacterium), 107 
ijelaticns (Actinomyces), 952 
gelaticus (Bacillus), 107 
gelaticus (Streptomyces), 962 
gelatmogenus (Micrococcus)^ 262, 348 
gelatxnosa (Lamprocysiis), 846 
gelatimsa (Rhodocystis), 864 
gelatinosa (Rhodopseudornonas), 864 
gelatinosa (Thiosphaera), 846 
gelatinosa (Thiothecej, 846 
gelatinosum (Clostridium), 762 
gelaiinosum betae (Bacterium), 657, 745 
gelaiinosus (Bacillus), 657, 745 
gelattnosus (Micrococcus), 262 
gelaiinosus (Streptothrix), 977 
gelatinum (Flavobacterium), 441 
gelatogenes (Bacillus), 657 
gelechiae, No. 1, No. 2 and No. 5 (Bac¬ 
terium), 678 

gelida (Cellulomonas), 622 
gelidus (Bacillus), 622 
geminum (Achromobacter), 424 
geminus major (Bacillus), 426 
geminus major (Bacterium), 426 
geminus tninor (Bacillus), 424 
geminus minor (Bacterium), 424 
gemmiforme (Bacterium), 678 
genesii (Actinomyces), 920 
genesii (Nocardia), 920, 960 
geniculata (Pseudomonas), 99, 608 

439 
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geniculatum (Achromohacter), 99 
geniculatum (Bacienum), 745 
geniculatus (Bacillus) ^ 99, 698, 709, 745 
geniculatus (Bacterium), 698 
gemculatus (Tyrothrtx),745 
genitalis (Spxrochaeta), 1072 
genitalis (Treponema), 1072 
genitalium (Encapsulatus), 459 
genitalium (Klebsiella), 459 
genitalium (Streptococcus), 840 
georgia (Salmonella), 512 
gephyra (Arohangium), J006, 1017, 1031 
1047 

geramt (Phytomonas), 166 
geranii (Xanthomonas), 166 
gerbilli (Grahamella), 1110 
gerbilli (Grahamta), 1110 
gerbilli (Listerella), 409 
geton (Bacillus), 657 
ghinda (Microspira), 204 
ghinda (Vibrio), 204 
ghoni (Clostridium), 820 
giardi (Bojcterium), 635 
giardi (Photobacterium), 685 
gibbonsi (Neisseria), 301 
gibbosum (Bacterium), 67<S 
gibsoni (Bacillus), 690 
gibsoni (Coccobacillus) , 690 
gibsonii (Actinomyces), 968, 970 
gibsonii (Streptomyces), 963 
gigantea (Beggiatoa), 991, 992, 995 
gigantea (Leptothrix), 366 
gigantea (Leptotrichia), 366 
gigantea (Neisseria), 301 
gigantea (Rasniussenia), 866 
gigantea (Sarcina), 291 
gigantea (Spirochaeta), 1058 
giganteum (Bacterium), 760 
giganteum (Clostridium), 820 
giganteum (Rhodospirillum), 867 
giganteum (Spirillum), 216, 217, 1058 
giganteus (Flexibacter), 38 
giganteus (Streptococcus), 840 
giganteus laciis (Micrococcus), 262 
giganteus urethrae (Streptococcus), 340 
gigas (Ac/iromaiium), 998, 999 
gigas (Bacillus), 657, 745, 778, 825 


gigas (Clostridium), 778 
gigas (Mctallactci), 745 
gigas (Micrococcus), 262 
gigas (Spirobacillus), 218 
gigas (Streptobacteria), 745 
gigas pericardii (Streptobacteria), 745 
gilva (Cellulomonas),620 
gilvus (Bacillus), 620 
gilvus (Micrococcus), 262, 277 
gingivae (Bacillus /), 657 
gingivae (Micrococcus), 262 
gingivae (Sti cptococcus), 840 
gingivae pyogenes (Bacillus), 678 
gingivae pyogenes (Bacterium), 657, 678 
gingivae pyogenes (Micrococcus), 262 
gingivalis (Micrococcus), 304 
gingivalis (Molitor), 1243 
gingivilidis (Bacillus), 678 
gingivitidis (Bacterium), 678 
ginglyrnus (Bacillus) , 745 
gingreardi (Micrococcus), 262 
gintottensis (Bacillus), 537 
gintottensis (Casiellanus), 537 
gintottensis (Lankoides), 537 
gintottensis (Shigella), 637 
giumai (Bacillus), 544 
giumai (Bacterium), 544 
giumai (Salmonella), 544 
giumai (Shigella), 541 
giumai (Wesenhergus), 544 
give (Salmonella), 522 
glactalis (Bacillus), 612 
glacifonms (Bacillus), 745 
gladioli (Bacterium), 130 
gladioli (Phytomonas), 130 
gladioli (Pseudomonas), 130 
glanders bacillus, 555 
glandulae (Corynebacierium), 403, 404 
glandulosus (Micrococcus), 262 
glasser (Bacillus), 609 
glauca (Nocardia), 980 
glaucescens (Bacterium), 760 
glaucus (Actinomyces), 980 
glaucus (Bacillus), 657 
glaucus (Bacterium), 657 
gliscroyenum (Bacterium), 678 
gliscrogenus (Bacillus), 678 
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glia glia (Bartonella) y 1108 
glia glis (Haemoharionella)^ 1108 
globerula (Nocardia), 903 
globerulurn (Mycobacterium) ^ 903 
globerulus (Froactinomyces), 903 
globifer (Bacillus), 745 
globiforme (Achromobacter), 408 
globiforme (Bacterium), 407, 408 
globigii (Bacillus), 710, 711 
globosa (Micromonospora), 979 
globosum (Propiombacterium), 370 
globosus (Bacillus), 657 
globosus (Micrococcus), 262 
globulosa (Cytophaga), 1040 
globulosus (Bacillus), 657 
Gloeotila, 831 

glomerata (Gallionella), 832 
glomerata (Sideromyces), 986 
glossinae (Borrelia), 1062 
glossinae (Entomospira), 1062 
glossinae (Spirillum), 1062 
glossinae (Spirochaeta), 1062 
glossinae (Spironcma), 1062 
glossinae (Spiroschaudinnia), 1062 
glossinae (Treponema), 1062 
glostrup (Salmonella), 514 
gluconicum (Acetobacter), 189 
gluconicum (Bacterium), 180, 682 
Gluconoacetobactei , 180 
GlUconobacter, 180 
glutinis (Bacillus), 745 
glutinosa (Microspira), 637 
glutinosa (RistcUa), 577 
glutinosum (Bacterium), 760 
glutinosum (Phoiobacterium), 637 
glutinosus (Bacillus), 577 
gluiinosus (Bacteroides), 577 
glycerinaceus (Streptococcus), 325 
glycinea (Phytomonas), 131 
glycinea (Pseudomonas), 131, 135 
glycinea var. japonica (Phytomonas), 132 
glycinea var. japonica (Pseudomonas), 
131 

glycines (Bacterium), 161 
glycines (Phytomonas), 161 
glycines (Pseudomonas), 161 
glycineum (Bacterium), 131 


GENERA AND SPECIES gliS~giaC 

glycineum var. japonicum (Bacterium), 
132 

glycinophilus (Bacillus), 745 
glycinophilus (Diplococcus), 694 
glycologenes (Citrobacter), 449 
gobii (Chromatium), 866 
goensis (Actinomyces), 975 
goensis (Nocardia), 975 
goettingen (Salmonella), 520 
gonadiformis (Actinomyces), 579 
gonatodes (Bacillus), 745 
gondi (Spirochaeta), 1064 
gondii (Spirillum), 1064 
gonidiaformans (Bacillus), 579 
yonidiaformans (Bacteroides), 579 
gonidiaforTnans (Spherophorus), 579 
yoniosporus (Bacillus), 716 
lonnerrnanni (Bacillus), 657 
j^mnennanm (Bacterium), 678 
Gonococcus, 295, 296 
gonococcus (Micrococcus), 296 
gonorrhoeas (Diplococcus), 296 
gonorrhoeas (Mcnsmopedia), 296 
gonorrhoeas (Micrococcus), 296 
gonorrhoeae (Neisseria), 296, 1296 
goodsirii (Mcnsmopedia), 286 
gorini (Mammococcus), 695 
gortynae (Bacillus), 657 
gossypii (Ruga), 1218 
gossypina (Bacillus), 745 
gougeroii (Actinomyces), 934, 947 
gougeroti (Streptomyces), 947 
gracile (Bacterium), 362, 727 
gracilc (Chromatium), 868 
gracile (Microsporon), 919 
gracile (Rhabdochromatium), 854 
gracile (Rhodospinllum), 867 
gracile (Treponema), 1070 
gracilescens (Bacillus), 657 
gracilcsccns (Bacterium), 679 
gractlior (Bacillus), 658 
gracilipes (Chondromyces), 1035 
gracilipcs (Podangium), 1036 
gracilis (Actinomyces), 970 
gracilis (Bacillus), 657, 727 
gracilis (Lactobacillus), 362 
gracilia (Monas), 854 
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gracilis (Pseudomonas) ^ 147 
gracilis (llhabdomonas), 864 
gracilis (Spirochaeta)^ 1070, 1076 
gracilis (Streptobacillus) ^ 581 
gracilis (Streptococcus)^ 326 
gracilis aerohtens (Bacillus)^ 658 
gracilis anaerohiescens (Bacillus), 658 
gracilis cadaveris (Bacillus), 658, 685 
gracilis cadavens (Bacterium), 658 
gracilis cthyhcus (Bacillus), 367, 814 
gracihs pntidus (Bacillus), 575 
gracillimum (Bacterium), 679 
Graciloides, 10 
Graham sp., 1110 
Grahamella, 37, 1100, 1109 
Grahamella sp., 1109, 1110 
Grahamia, 1109 
grammariujn (Nocardia), 970 
graminarium (Sireplolhrix), 970 
grarninea (Spirochaeta), 1053 
graminea marina (Spirochaeta), 1053 
graminearuni (Actinomyces), 970 
graminearum (Streptothrix), 934 
gramims (Actinomyces), 970, 971 
graminis (Marmor), 1192 
graminis (Mijcobacterium), 888, 890 
grandis (Bacillus), 658 
grandis (Fusiformis), 694 
grandis (Gaffkya), 284 
grandis (Saprospira), 1064 
granii (Achromobacter), 199 
granii (Bacterium), 199 
granii (Vibrio), 199 
granula (Amoebobacter), 860 
granularis (Bacillus), 745 
granulata (Pseudomonas), 147 
granulatum (Bacterium), 679, 718 
granulatum (Thiospirilium), 212 
granxdatus (Bacillus), 658, 814 
granulatus (Micrococcus), 256, 263, 277 
granulatus (Streptococcus), 340 
granuliformans (Bacterium), 595 
granuliformans (Dialister), 696 
Granulobacillus, 763 
Granulobacillus sp., 822 
Granulobacier, 763 


granulobacter peclinovorum (Bacillus), 
780 

granulomatis (Calymmatobacterium), 459 
granulomatis (Donovania), 669 
granulornatis (Klebsiella), 459 
granulomatis maligni (Corynebacterium), 
403. 

granulosa (Spironema), 1059 
granulosa (Spiroschaudinnia), 1059 
granulosa penetrans (Spirochaeta), 1059 
granulosis (Bacterium), 593 
granulosis (Noguchia), 693 
granulosum (Bacterium),^Q2, 679, 693,745 
granulosum (Corynebacterium), 388, 404 
granulosum (Plocamobacten um), 693 
granulosus (Bacillus), 658, 745, 814 
granulosus (Micrococcus), 623 
graphitosis (Bacillus), 757 
grassi (Treponema), 1070 
grassii (Entomospira), 1070 
grassii (Spirochaeta), 1069 
grave (Laclobaclenum), 363 
graveolens (Bacillus), 42, 658, 714 
graveolens (Bacterium), 658 
graveolens (Pseudomonas), 179 
gramtzii (Bacillus), 401, 658 
gramtzii (Bacterium), 401, 658 
grigoroffi (Micrococcus), 247 
grippo-typhosa (Leptospira), 1078 
griseoflavHs (Actinomyces), 948, 975 
griseoflavus (Stroptoinyces), 948 
griseolus (Actinomyces), 938 
griseolus (Streptomyces), 938 
gnseum (Bacterium), 263 
griseus (Actinomyces), 948, 977 
griseus (Bacillus), 658, 695 
griseus (Micrococcus), 263 , 695 
griseus (Staphylococcus), 282 
griseus (Streptornycesj, 948 
griseus radial us (Staphylococcus), 282 
groningensis (Nitrosomonas), 76 
grossa (Microspira), 204 
grossus (Bacillus), 745 
grossus (Micrococcus), 263 
grossus (Vibrio), 204 
grotenfeldtii (Bacterium), 447 
grotenfeltii (Streptococcus), 324 
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gruberi (Actinomyces)y 970 
gruberi (Bacillus), 771 
gruberi (Nocardia ), 970 
gruberi (Oospora), 970 
grueberi (Streptothnx), 970 
gruenlhah (Bacillus)y 451 
gruenthnh (Bacterium), 451 
gruenlhah (Kschenchia), 451 
grumperists (Salmonella), 527 
gryllotalpae (Bacillus), 745 
gryllotalpac (Bacterium)^ 679 
guano (Bacillus), 745 
guegueni (Actinomyces), 922 
guegueni (IHscomyces), 922 
guegueni (Nocardia), 922 
guignardi (Actinomyces), 970 
guignardi (Oospora), 934, 970 
guilleheau a, h, and c (Bacillus), 457 
guilliermondii (Oacillospira), 1004 
gulosus (Bacteroides), 573, 579 
gulosus (Sphaerophorus), 573, 579 
gummis (Bacillus), 145, 466 
gummis (Bacterium), 145 
gummisudans (Bacterium), 167 
gummisudans (Phytomonas), 167 
g urn mis uda ns (Pse udo monas ), 167 
gummisudans (Xanthomonas), 167 
gunirnosum (Bacterium), 679, 745 
gummosus (Bacillus), 679, 745 
gummosus (Micrococcus), 262, 263, 348, 
678 

gunthen (Bacillus), 326 
gunthcri (Bacterium), 323 
gunthen (Streptococcus), 324 
gutta ccrei (Pneumococcus), 697 
guttatum (Achromobacter), 424 
guttalus (Bacillus), 424 
guttatus (Bacterium), 424 
guttuns (Serratia), 484, 485 
gypsoides (Actinomyces), 897 
gypsoides (Discomyces), 897 
gypsoides (Oospora), 897 
gypsophilae (Agrobacterium), 229 
gypsophilae (Bacterium), 230 
gypsophilae (Phytomonas), 230 
gypsophilae (Pseudomonas), 230 
Gyromorpha, 1111 


habanensis (Staphylococcus), 282 
hachaizae (Spirillum), 217 
hachaizae (Spirochaeta), 217 
hachaizae (Treponema), 217 
hachaizicum (Spirillum), 217 
hacckeli (Pedioplana), 250 
haematodes (Micrococcus), 263 
haematoides (Bacillus), 658 
haematoidcs (Bacterium), 658 
haematosaprus (Micrococcus), 272 
Haemobartoiiella, 1102, 1107, 1108 
Haemobartonella spp., 1108 
haemoglobinophila sporulens (Leptothrix ), 
366 

haemoglobinophtlus (Bacterium), 587 
haemoglobinophilus (Hemophilus), 585, 

687 

haemoglolnnuriac (Leptospira), 1078 
haemoglobinuriae (Spirochaeta), 1078 
haemolysans (Clostridium), 820 
Haemophilus, 17, 26, 37, 684, 1289, 1290 
haemophilus (Spirochaeta), 1067 
haemophosphoreum (Brucella?), 634 
haemorrhagicum (Bacterium), 552 
haemorrhagicus (Bacillus), 552 
haernorrhagicus (Micrococcus), 263 
haemorrhagicus (Staphylococcus), 263 
haemorrhagicus nephriiidxs (Bacillus), 
553 

haemorrhagicus nephntidis (Bacterium), 
553 

haemorrhagicus septicus (Bacillus), 552 
haemorrhagicus septicus (Baxtenum), 553 
haemorrhagicus rcleno^sus (Bacillus), 553 
haemorrhagicus velcnosus (Bacterium), 
553 

haemutosaprus (Streptococcus), 340 
hajeki (Bacillus), 658 
halans (Bacillus), 679 
halans (Bacterium), 679 
halensis (Micrococcus), 263 
halestorgus (Pseudomonas), 147 
halitus (Str€ptococcus),Z40 
halmephilum (Flavobactcrium), 441 
Halobactenum, 442 
halobicus (Bacillus), 658 
halobicus desulfuricans (Vibno), 204 
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halobium {Bacterium)^ 422 
halohium (Flavobacterium) {Halohacter^ 
turn), 442 

halobius ruber (Bacillus) ^ 422 
halohydrium (Flavobacterium), 431 
fudohydrocarbonaclasticus (Desulfovi- 
brio)t 209 

halonitrificans (Vibrio)^ 702 
halophilica (Bacterium)^ 110 
halophilica (Spirochaeta), 110 
hcUophilum (Achrotnobacter) ^ 424 
halophilum (Flavobacterium), 441 
halophilus (Bacillus), 658 
halophilus (Bacterium), 658 
halophilus (Micrococcus), 263 
halophilus (Pediococcus), 250 
haloplanktis (Vibrio), 703 
haloseptica (Ristella), 575 
halosepticum (Bacterium), 575 
halosmophila (Ristella), 576 
halosmophilus (Bacteroides), 576 
halotrichis (Actinomyces), 970 
halstedii (Actinomyces), 953 
halstedii (iStreptomyces), 953 
hamaguchae (Sarcina), 292 
hansenianum (Bacterium), 181 
harai (Bacillus), 745 
harrisonii (Bacillus), 694 
harrisonii (Flavobacterium), 434, 694 
hartford (Salmonella), 511 
hartlebii (Achromobacter), 424 
harUebii (Bacillus), 424 
hartlebii (Bacterium), 424 
hartmanni (Spirochaeta), 1074 
hartmanni (Spironema), 1074 
hartmanni (Treponema), 1074 
hartwigi (Modderula), 999 
harveyi (Achromobacter), 110 
harveyi (Pseudomonas), 110 
hastiforme (Clostridium), 786 
hastilis (Bacillus), 583 
hasiilis (Mycobacterium), 583 
haumani (BadUus), 814 
haumanni (Bacillus), 814 
haumanni (Clostridium), 814 
hauseri (Diplococcus), 263 
hauseri (Micrococcus), 263 


havana (Salmonella), 527 
havaniensis (Bacillus), 658 
havaniensis (Bacillus) (Micrococcus?), 
918 

havaniensis (Bacterium), 918 
havaniensis (Serratia), 918 
havaniensis (Streptococcus), 340 
havaniensis liquefaciens (Bacillus), 658 
havaniensis liquefaciens (Bacterium), 658 
Haverhillia, 38, 588, 972 
hayducki (Bacillus), 359, 693 
hayducki (Plocamobacterium), 693 
hatjduckii (Lactobacillus), 359 
heali (Bacterium), 604 
healii (Achrotnobacter), 
heal a (Escherichia), 604 
hebdomadis (Leptospira), 1077, 1078, 
1079 

hebdomadis (Spirochaeta), 1077 
hebdomadis (Spiroschaudinnia), 1077 
hebdomadis (Treponema), 1077 
hebetisiccus (Bacterium), 679 
hederae (Bacterium), 166 
hederae (Phytomonas), 166 
hederae (Xanthomonas), 166 
hegneri (Grahamella), 1110 
hegneri (Grahamia), 1110 
heidelberg (Salmonella), 504 
heimi (Actinomyces), 936, 970 
helcogenes (Microspira), 204 
helcogenes (Vibrio), 204 
helgolandica (Cristispira), 1056 
helianthi (Bacterium), 141 
helianthi (Phytomonas), 141 
helianthi (Pseudomonas), 141 
helianthi var. tuberosi (Phytomonas), 141 
Helicobacterium), 690 
helicoides (Bacillus), 690 
Heliconema, 1057,1069 
helminthoides (Bacillus), 368 
helminthoides (Catenabacterium), 368 
helveticum (Plocamobacterium), 695 
helveticum (Thermobacterium), 352 
helveticuB (Lactobacillus), 362, 695 
helvolum (Bacterium), 395 
helvolum (Corynebacterium), 393, 396, 
407 
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hely-hiqi 


helvolum (Flavobacterium), 395 
helvolus {Bacillus) t 395» ^7, 658 
hslvolus {Micrococcus)^ 263 
helvolus granulatus {Bacillus), 658 
Hemallosis, 13 

heminecrobiophilus {Bacillus), 658 
hemoglobinophilus canis {Bacillus), 587 
hemoglobinophilus coryzae gallinarum 
{Bacillus), 589 

hemolysans {Plectridium), 820 
hemolysans {Streptococcus), 315 
hemolytica (Pasteurella), 549 
hemolyticum (Clostridium), 777 
hemolyticum {Corynebacterium), 694 
hemolyticum var. sordelli {Clostridium), 
111 

hemolyticus {Bacillus), 111 
hemolyticus (Hemophilus), 585, 686 
hemolyticus {Streptococcus), 315 
hemolyticus I, II and III {Streptococcus), 
340 

haemolyticus II {Streptococcus), 337 
hemolyticus bovis {Clostridium), 111 
Hemophilus, 17, 21, 22, 32, 37, 684 
hemophosphoreum (Bacterium), 634 
hemothermophilus {Streptococcus), 327 
hennebergi {Pediococcus), 250 
henricensis {Proteus), 490 
Henrillus, 11, 763 

hepaticus fortuitus {Bacillus), 659 
hepaticus fortuitus {Bacterium), 659 
hepatis {Bacterium), 409 
hepatodystrophicans {Bacillus), 404 
hepatodystrophicans {Corynebacterium), 
388,404 

hepatolytica {Listerella), 408 
herbarum {Streptococcus), 313, 340 
herbicola {Bacillus), 173, 679 
herbicola {Bacterium), 173 
herbicola aureum {Bacterium), 173 
herbicola a aureum {Bacterium), 679 
herbicola rubrum {Bacterium), 679 
herbicola rubrum {Bacterium), 679 
hermesi {Bacillus), 635 
hermsi {Borrelia), 1063 
hermsi {Spirochaeta), 1063 
hsrpetii {Neurocystis), 1235 


herrejoni {Treponema), 1073 
HerreUea, 595 
herrmanni {Bacillus), 659 
hesmogenes {Bacillus), 729 
hesmogenes {Urobacillus), 729 
hessii {Bacillus), 746 
hessii {Bacterium), 746 
heteroceq {Phytomonas), 167 
heterocea (Xanthomonas), 167 
Jieteroceum {Bacterium), 167 
Heterocystia, 12, 13 
heves {Salmonella), 528 
hexacarbovorum {Bacterium), 679 
heydenreichii {Micrococcus), 254 
hibernicum {Aerobacter), 456 
hibernicum {Chromobacierium), 234 
hibisci {Bacterium), 120 
hibisci {Phytomonas), 120 
hibisci {Pseudomonas), 120 
hibiscus {Micrococcus), 263 
hibiscus liquefaciens {Listerella), 409 
Hiblerillus, 11, 763 
hidium {Bacterium), 679 
hilgardii {Azotobacter), 219 
hilgardii {Lactobacillus), 363 
Hillhousia, 24, 25, 996, 997 
hilli {Fusiformis), 583 
hilli {Treponema), 1075 
himonoi {Micrococcus), 695 
hippanici {Bacterium), 635 
hippopotami {Treponema), 1076 
hirschfeldii {Bacterium), 507 
hirschfeldii (Salmonella), 496, 607 
hirsutum (Photobacterium), 637 
hirtum {Bacterium), 714 
hirtum {Pseudomonas), 714 
hirtus (Bacillus), 714 
hirudinicolicum {Bacterium), 679 
hirudinis {Bacillus), 746 
hirundinis (Rickettsia), 1096 
hispanica (Spirochaeta), 1067 
hispanicum (Borrelia), 1067 
hispanicum (Treponema), 1067 
hispanicum var. marocanum {Spiro- 
chaeta), 1067 

hispanicum var. marocanum (Trepo¬ 
nema), 1067 
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histolyticum (Clostridium), 811 
huiolyiicm (Bacillus) y 811 
histolyticus (Weinbergillus) y 811 
histotropicus (Musculomyces), 1293 
hoagii (Bacillus) y 387 
hoagii (Corynebacterium), 387 
hodgktni (Bacillus)y 404 
hodgkini (Fusiformis)y 404, 583 
hodgkinii (Corynebacterium), 404 
hoffmanii (Bacillus) y 385, 659 
hoffmanit (Corynebacterium ), 385 
hoffmanm (Actinomyces)y 971, 976 
koffmanni (Cladothrix) y 971, 976 
hofmanm (Micromijces)y 971, 976 
koffmanni (Nocardia)y 976 
koffmanni (Oospora), 971, 976 
kofmanni (Streptotkrix)y 971, 976 
kolci (Bacterium) y 120 
kolci (Phytomonas) j 120 
kolci (Pseudomonas)y 120 
kolcicola (Bacterium), 157 
kolcicela (Phytomo%as)y 157 
kolcicola (Pseudomonas), 157 
holcicola (Xanthomonas), 167 
kollandiae (Pkotobacter), 636 
kollandicum (Pkotobacter), 636 
kollandtcum parvum (Photobacter), 636 
kollandicus (Bacillus), 746 
kollandicus (Streptococcus), 325 
holmesi (Actinomyces), 971 
kolmesi (Discomyces), 971 
holobutyricus (Bacillus), 771, 824 
holodisci (Nanus), 1207 
Holospora, 1122 
kolsatiensis (Salmonella), 531 
kominis (Actimornyces), 916, 971 
kominis (Corynetkrix), 406 
kominis (Discomyces), 916 
kominis (Leuconostoc), 308 
kominis (Listerella), 409 
hominis (Molitor), 1241 
kominis (Nocardia), 916, 920 
hominis (Oospora), 920, 922 
hominis (Proteus), 691 
hominis (Strepiotkrix), 896, 920 , 923, 
976 

hominis I (Sireptotknx), 920 


hominis II (Strepiotkrix), 921 
kominis III (Strepiotkrix), 922 
hominis IV (Strepiotkrix), 922 
kominis (Strongyloplasma), 1241 
hominis capsiilatus (Bacterium), 691 
hominis capsulatus (Proteus), 691, 816 
hoplosternus (Bacillus), 717, 746, 759 
hormaeckei (Salmonella), 529 
hornensis (Streptococcus), 348 
horton (Actinomyces), 962 
hortoneiisis (Streptomyces), 962 
hoshigaki (Acetobacter), 183, 184 
hoshUjaki (Bacterium), 184 
hoshigaki var. glucuronicum (Bacterium), 
184, 679 

hoshigaki var. glucuronicum I (Bacter¬ 
ium), 494 

hoshigaki var. rosea (Bacterium), 183, 
184 

Host is, 1239 
hudsonn (Bacillus), 659 
hudsonii (Bacterium), 659 
hueppei (Bacillus), 740 
kueppei (Clostridium), 740 
kueppi (Bacillus), 820 
hueppi (Clostridium), 820 
kurnicola (Pseudomonas), 698 
humidus (Micrococcus), 263 
humifica (Streptothnz), 977 
humtlis (Bacillus), 659 
kumnsus (Bacillus), 771 
humuli (Chlorogenus), 1161 
hutchinsonii (C'ytophaga), 1012, 1013, 
1016, 1049 

hvittingfoss (Salmonella), 528 
hyacinthi (Bacillus), 152, 470 
hyacinlhi (Barterium), 152 
hyacinthi (Phytomonas), 152 
hyacinthi (Pseudomonas), 152 
hyacinthi (Xanthomonas), 162, 178 
hya^cinthi septica (Erwinui), 470 
hyacinthi septicus (Bacillus), 470 
hyacinthi septicus (Bacterium), 470. 
hyalina (Chlarnydothvix), 986 
hyalina (Lampropedia), 844 
hyalina (Leptothrix), 986 
hyalina (Macromonas), 1001 
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hyal-ilia 


hyalina (Merismopedia)y S44 
hyalina (Pseudomonas)y 907, 1001 
hyalina (Sarctna), 844 
hyalina (Slreptoihrix) y 986 
hyalinum (Achromobacter)y 424 
hyalinum (Clostndmm), 820 
hyalinum (Gomum), 844 
hyalinum {Mycobacterium)y ‘890 
hyalinUs (Bacillus)y 424 
hyalinus (Bactcnum), 424 
hyalin us (M icrococcus), 844 
hyalinus (Pcdwcoccus), 811 
HyalococcuSy il05 
hydrocharis (Bacillus), 659 

HydrocoleuSy 9{l3 

hydroyenicus (Omclianskillus), 809 
hydroyenu (Bacillus), 809 
Hydrogpnomonas, 20, 76 
hydiophila (Aeronuuias), 102 
hydropliilji (Pseudomonas), 102 
hydrophilum {Bactcnum), 102 
hydniphilus {Bacillus), 102 
hydrophilus (Proteus), 102 
hydrophilus fuscus (Bacillus), 102 
hydrophilus fuse us {Bacterium), 102 
hydrophobia (Xcuioryctcs), 1261 
hydrophoborum (Streptococcus), 340 
hydrosulfurea (Pseudomonas), 147 
hydrosulf ui ( urn ponticum (Bactn i um i, 
207 

hydrosulfurcus (Bacillus), 651) 
hydrothcrmicus (}ficr(}C(>crus), 261 
Ifyyroirucis, 1003 

hyyi oscopicus {. 1 ctinomyccs ), 953 
hyfi;rosc(>pi(*us (S( reptoniyces;, 963 
hymenophayus (Micrococcus), 264 
hyochi (Lactobacillus), 363 
hyochi var. 1 (Lactobacillus), 363 
hyochi var 2 (Lactobacillus), 363 
hyopyoyenes (Bactcnum), 3SS 
hyos (Porrelia), 1063 
hyos (Spirochacta), 1063 
hyos (Spnoncma), 1063 , 

hyos (Vibrio), 201 
hyoscyami (Marmor), 1171 
hypertrophieans (Corynebacterium), 398 
hypertrophicans (Phytomonas), 398 


hypertrophieans (Pseudomonas), 398 
hypertrophicus (Caryococcus), 1121 
hyphalus (Vibrio), 703 
Hyphomicrobium, 35, 837 
Hypnococcus, 312 
hypothermis (Pseudomonas), 698 

ianthina (Pseudomonas), 232 
lanlhihum (Bacteridiurn), 232 
ianthinum (Bacterium), 231, 232 
iaiithinuin (Chromobaeteriurn), 232 , 234 
ichthyismi (Bacillus), 814 
ichthyodermis (Achromobactei), 108 
iehthyodermis (Pseudomonas), 108 
ichthyosrnia (Eschenchia), 103 
iehthyosinia (J\soudomonas), 103 
ichihyosmius (Bacillus), 103 
ichthyosmus (Proteus), 103 
icteroyenes (Bacillus), 659 
icteroyenes (Bacterium), 659 
icteroyenes (Leptospira), 1077 
icteroyenes (Spirochaete), 1076 
icteroyenes (Treponema), 1076 
icteroyenes marina (Spuochaeta), 1053 
irtero-haemorrayiac (Treponema), 1076 
icterohaemorrhagiae (Leptospira), 90, 
1076, 1077, 1078, 1079 
icleinhacmorrhayiae (Spirochacta), 1076 
n l( ruhaenuu rhayiae (Spiroschaudinnia), 
1076 

K tcro-hacminrhayica (Spirochacta), 1076 
ictdohcmuylotnnunae (Leptospira), 1078 
ictcrohernoylobinuriae (Spirochacta), 1078 
ictcrohvmoylobin unac (Ti eponema ), 1078 
ictenudcs (Bacillus), 531 
icteroidcs (Bacterium), 531 
ictcroidts (Leptospira), 1079 
ictcioidcs (SulmoiHdla), 531 
icti i(ud( s (Spirochacta ), 1079 
ictcriudes (Treponema), 1079 
ictero-uraemin cams (Spirochacta), 1079 
idonca (Ccllulomonas), 613 
idoneum (Baeteriuin), 613 
idosus (Bacillus), 710 
lynarvus (Streptococcus), 32,3 
ikiensis (Coccobacillus), 6^16 
Uiacus (Bacillus), 451 
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Uiacu» (Escheriehia), 451 
Uiacus {Proteus), 451 
ilidsense (Bacterium), 760 
ilidzense capsulaius (Bacillus), 760 
illini (Miyagawanella), 1119 
iUinois (Salmonella), 525 
imstrofa (Zaogalactina), 479 
imetrophus (Bacillus), 480 
imetrophus (Protococcus), 479 
imminutus (Bacillus), 746 
immobile (Bacterium), 98 
immobilis (Acuformis), 813 
immohilis (Bacillus), 746 
immobilis (Granulobacter), 790 
immobilis (Pcdmula), 813 
immobilis-liquefaciens (Butyribacillus), 
790 

immotum (Bacterium), 606 
imomarinus (Bacillus), 746 
imperatoris (Micrococcus), 264 
imperiale (Bacterium), 608 
implectans (Bacterium), 760 
implextm (Bacterium), 718 
implexus (Bacillus), 718 
irujequale (Treponema), 1062 
inaequalis (Bacteroides), 568, 579 
inaequalis (Spherophorus), 568, 579 
inaequalis (Spirockaeta), 1062 
incana (Sarcina), 292 
incanae (Phytomonas), 158 
incanae (Xanthomonas), 168 
incanescens (Actinomyces), 971 
incannum (Bacterium), 659 
incanus (Bacillus), 659 
incanus (Bacterium), 659 
incarnata (Sarcina), 292 
incarnatus (Rhodococcus), 292 
incertum (Bacterium), 607 
incertum (Pleciridium), 794 
incognita (Pseudomonas), 96, 147, 698 
incognitus (Erro), 1260 
incommunis (Bacteroides), 670, 575 
incommunis (Risiella), 570, 575 
inconspicuus (Micrococcus), 264 
inconstans (TetracMoris), 870 
indica (Nocardia), 909, 960 
indiea (Oospora), 909 


indica (Serratia), 481, 701 
indicens (Phagus), 1187 
indicum (Azotobacter), 881 
indicum (Bacterium), 701 
indicum (Chromobacterium), 481 
indicum (Leuconostoc), 346 
indicum (Photobacter), 700 
indicum (Photobacterium), 111, 634, 686 
indicum var. obscurum (Photobacter), 
700 

indicum var. parvum (Photobacter), 700 
indicus (Actinomyces), 909 
indicus (Bacillus), 481, 700 
indicus (Discomyces), 909 
indicus (Erythrohacillus), 481 
indicus (Micrococcus), 481 
indicus (Vibrio), 699 ^ 
indicus obscurus (Bacillus), 700 
indicus parvus (Bacillus), 700 
indicus ruber (Bacillus), 481, 701 
indicus semiobscurus (Bacillus), 700 
Indiella, 966 
Indiellopsis, 966 
indifferens (Bacillus), 746 
indigoferus (Bacillus), 697, 698 
indigoferus (Bacterium), 698 
indigoferus (Pseudomonas), 698 
indigoferus var. immobilis (Pseudo¬ 
monas), 698 

indigogenus (Bacillus), 659 
indigogenus (Bacterium), 659 
indigonaceum (Bacterium), 697, 698 
indigonaceus (Bacillus), 697 
indivisum (Polyangium), 1031 
indolicus (Bacillus), 814 
indolicus (Infldbilis), 814 
indolicus (Micrococcus), 247, 264 
Indolococcus, 235 
indologenes (Aerobacter), 457 
indoloxidans (Pseudomonas), 698 
indomitus (Phagus), 1188 
industrium (Acetobacter), 186 
indusirium (Bacterium), 186 
industrium var. hoshigaki (Bacterium), 
184,694 

industrius (Bacillus), 186 
ineptus (Phagus), 1188 
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inar-^nte 


inera (Marmor), 1190 
inera (Vibrio)^ 204 
inertia (Paetidomonae), 698 
inexorabilis (Formido), 1968 
infaniilia (Bacillua)^ 746 
infantiliam (Bacillua)^ 814 
infantia (Salmonella) ^ 512 
infantum (Bacterium) ^ 400 
infantum (Proteua), 490 
infecundum (Bacterium) ^ 679 
infimua (Micrococcus), 605 
Inflabilia, 33, 34, 763 
inflans (Rabula), leSi 
inflatum (Clostridium), 814 
inflatus (Bacillus), 814 
influentiae (Streptococcus), 340 
influenzae (Bacillus), 585 
influenzae (Bacterium), 585 
influenzae (Hemophilus), 685, 586, 589, 
1296 

influenzae (Micrococcus), 264 
influenzae (Streptococcus), 340 
influenzaeformis (Bacillus), 580 
influenzaeformis (Spherophorus), 580 
influenzae murium (Bacterium), 589 
influenzae murium (Hemophilus), 589 
influenzae putoriorum multiforme (Bac¬ 
terium), 589 

influenzae suis (Bacterium), 586 
influenzae suis (Hemophilus), 586 
influenzuides apis (Bacillus), 693 
infrequens (Bacillus), 451 
infrequens (Streptococcus), ^40 
infusionum (Palmello), 687 
ingrica (Thioploca), 994 
inguinalis (Encapsulatus), 459 
innesi (Bacillus), 059 
innocuus (Rabula), 1986 
innominata (Leplothrix), 366 
innominata (Pseudoleptothrix), 366 
innominatum (Clostridium), 799 
innominatus (Actinomyces), 971 
innutrita (Palmula), 793 
innutritus (Acuformia), 793 
innutritus (Bacillus), 793, 826 
inocuum (Bacterium), 679 
inodorua (Bacillus), 659 


insecticola Ebertkella), 534 
insecticolens (Proteus), 490 
insectiphilium (Bacterium), 604 
insectorum (Bacillus), 264 
insectorum (Coccobacillua), 690 
insectorum (Leptothriz), 366 
insectorum (Micrococcus), 264 
insectorum (Staphylococcus), 282 
insectorum (Streptococcus), 264 
insectorum var. malacoaomae (Cocco- 
badllua), 690 

inaidioaa (Phytomonaa), 392 
insidioaum (Aplanobacter), 392 
insidiosum (Bacterium), 392 
insidioaum (Corynebactcrium), 399 
insidiosum var. saprophyticum (Coryne- 
bacterium), 393 
inaidiosus (Bacillus), 411 
insolita (Azotomonas), 991 
inholita (Ristella), 568, 576 
insolitus (Bacteroides), 668, 576 
insulosum (Bacterium), 760 
inaulum (Bacterium), 760 
intactum (Bacterium), 760 
intermedia (Microspira), 204 
intermedia (Oospora), 971 
intermedia (Sarcina), 292 
intermedia (Spirochaeta), 1075 
intermedium (Bacterium), 360 
intermedium (Citrobacter), 449 
intermedium (Clostridium), 771, 824 
intermedium (Escherichia), 449, 460 
intermedium (Lactobacillus), 360 
intermedium (Paracolobactrum), 460# 
490, 491 

intermedium (Treponema), 1075 
intermedius (Actinomyces), 971 
intermedins (Bacillus), 709 
intermedius (Micrococcus), 264 
intermedius (Phagus), 1140 
intermedius (Streptococcus), 381 
intermedius (Vibrio), 204 
intermittens (Bacillus), 746 
interproximalis (Actinomyces), 971 
interproximalis (Streptothrix), 971 
interrogans (Leptospira), 1079 
interrogans (Spirochaeta), 1079 
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interrogam (Treponema)^ 1079 
interrogationis {Crisiispird), 1056 
intertriginis {Micrococcus), 264 
intestincUe (Bacteriophagum), 1128 
inteslinale {Thermobacterium), 352 
intestinale {Treponema), 1067 
inteslinale snis (Bacterium), 508 
intestinalis (Arthromitus), 1003 
intestinalis (Bacillus), 654 
intestinalis (Bifidibacteri\nn ), 369 
intestinalis (Cladothrix), 983 
intestinalis {H yg roc rods), 1003 
intestinalis (Sarcina), 292 
intestinalis {Spirochaeta), 1067 
intestinalis tuberculiformis (Bacillus), 
369 

intestinus motilis (Bacillus), 639 
intestinus motilis (Bacterium), 659 
intracellular IS (Diplococcus), 296, 297, 
301 

intracellular IS {^Meningococcus) , 297 
intracellular is (Micrococcus), 297 
intracellulans (Xeisseria), 297 
intraccllularis (Streptococcus), 296 , 297 
intracellnlaris (Tetracocens), 2^)6, 301 
intraccllularis meningitidis (I)iplokok- 
kus), 296 

intraccllularis meningitidis (Micro¬ 
coccus), 2ff7 

introcellularis-meningttidis (X e isseria ), 
297 

intrapallans (Bacillus), 746 
intricata (Cladothrix), 718 
intricatus (Bacillus), 718 
intrinsectum (Bacterium), 769 
intybi (Bacterium), 125 
intybi (Phytomonas), 125 
intybi (Pseudonomas), 126* 134 
intdinaceus (Streptococcus), 321 
inulofugus (Bacillus), 772, 824 
inunctum (Achromobacler), 425 
inunctus (Bacillus), 425 
inunctus (Bacterium), 425 
inutilis (Bacillus), 659 
invadens (Caryococcus), 1120 
invemess (Salmonella), 530 


inverto-acetobiitylicum (Clostridium), 781, 
825 

invisibilo (Flavobacterium), 434 
invisihilis (Bacillus), 434 
invisibilis (Bacterium), 434 
involutus (Bacillus), 612 
involutus (Diplococcus), 308 
involutus (Streptococcus), 308 
invulnerabilis (Actinomyces), 971 
invulnerabilis (Cladothrix), 934, 971 
invulnerabilis (Nocardia), 971 
invulnerabilis (Streptothnx), 971 
iodinum (Chromobacterium), 694 
iodinurn (Pseudomonas), 601 
lodococcus, 695 
lodophilum (Clostridium), 772 
logcnum (Bacillus), 670 
logenum (Bacterium), 25J, 679 
lophagum (Achrom'4)l)tictor). 418 
lophagum (Bacterium), 4IS 
ipomeae (Flavimaculti), 1202 
ipomoen (Aclinomi/ces), 958 
ipomoea (Stropt omyers) , 958 
iridoscons (Psoudomoiuis), 174 
nidi cold (Bacterium), 140 
iridicohi (Phytomonas), 140 
iridicola (Psoudomonas), 140 
iridis (Baetenum), 147 
iridis (Marmor), 1183 
iridis (Phytomonas), 147 
iridis (Psendomojias), 147 
ins (Bacterium), 69S, 760 
iris (Microcoecus'^, 264 
ms (Pseudomonas), 147, 69S 
irregulaiis (Bacillus), 814 
irregularis (Clostridium), 814 
irregulai is (Micrococrus), 264 
Israeli (.4 rtinobactenurn) , 926) 
israoli (Actinornyres), 365, 926 
Israeli (Brvvistrcplothrix), 926 
Israeli (Cohnistreptothrix), 926 
Israeli (Corynebactenum), 926 
israeh (Discomyees), 926 
Israeli (Xocardin), 926 
Israeli (Oospora), 926 
Israeli (Proachnomyces ), 926 
israeh (Streptoihrix), 926 
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isra-kauf 


israeli var. spitzi (AcHnohacieritm), 925 
* iialiana (Salmonella) j 522 
italica (Pseudomonas)^ 147 
iialicum No. 1 and No. 2 (liacterium), 
760 

iialicum (Marmor), 1202 
ftersonia, 1044 
tlersonii (Spirillum)^ 214 
itoana (Phytomonas)^ 1G9 
Uoana (Pseudomonas), 169 
iloanum (Bacterium)^ 169 
iayis (Bacillus), 61S 
iu^is (Ccllulomonas), 618 
ivanojj (Vihrw), 204 
iwo-jima (Salmonella), 531 
ixiac (Bacillus), 478 
ixiae (Erwinia), 478 

(PHCudonioiias), 89, 698 
jfKjyeri (Bavtoium), 122 
jaygvii (Phytomonas), 122 
jayycri {P.sfudomonas), 122 
jakscliii (Bacillus), 691 
jakschu (rr(>bacillus), 691 
janthina (PscAidomonas), 232 
janthinus (Bacillus), 232 
japonica [Acfinomyces), 916 
japomca (Pseudomonas), 226 
lapunica (Spirochaela), 215 
laponini {Siieptothnx),91Q 
japum^'uin {Bacterium), 226 
japouuuni {Piopionibactcriiim), 379 
japonicum ilikizobacterium), 220 
japoiiiciun (Uluzobium), 62, 224, 226 
japituicum (Treponema), 215 
juptoiicu.s {Bacillus), 536 
japonicu.s iDiscomipcs), 916 
jii|)(Mii('U,s (llrro), 1260 
javaueusc (Photobactcnum), 147 
javjiiu'nsis (Mv \ocorcus), 1041 
jiivaiK'iisis (Xitrosocyslis), 72 
javamnsis {.\itrvsomona.s), 62, 72 
javancn.sis {P.scudomonas), 72 
javamca (Pseudomonas), 117, 699 
javanicum (l^hotobaclerium), 147 
javaniensis (Bacillus), 147 
jaeaniensis (Bacterium), 147, 699 


jnviana (Salmonella), 520, 522 
jeffersonii (Bacterium), 520 
jeffersonii (Eberihella), 520 
jeffersonii (Shigella), 520 
jejunales (Bacillus), 451 
jejuni (Vibrio), 204 
jenense (Rhodothiospirillum), 851 
jenenjie (Spirillum), 
jenense (Thiospirillum), 861, 852 
jenense forma maxima (Thiospirillum), 
851 

jenensis (Ophidiomonas), 851 
jenscnii (Propionibacterium), 376 , 377 
jensenu var. rafflnosaceum (Propioni- 
bacterium), 377 
Jodocrus, 695 
jogenum (Bacterium), 679 
johne i (A scococc us ), 253 
jollyi (Actinomyces), 920 
jollyi (l)iscomyces),9%) 
jollyi (Socardia), 920 
jollyi (Oospora), 920 
jonesii (Spirochaeta), 1067 
jonesti (Spironcma), 1067 
jongii (Micrococcus), 264 
josephi (Bacillus), 592 
josephi (Moraxella). 592 
joyeuxii (Grahamclla), 1110 
jubatus (Bacillus), 740 
juglandis (Bacillus), 158 
juglaridts (Bartenum), 158 
juglandis {Phgtomonas), 158 
juglandis (Pseudomonas), 158 
juglaiuiis (Xanthoinonas), 168, 160 
juguri (Lactobacillus), 364 
jugurt (Thermobacleriurn ), 364 

kaapstad (Salmonella), 505 
kairo (Rickeltsia), 1096 
kaltidoscopicus (Bacillus), 746 
kandiensis [Barilhis), 534 
kandieiisis {Bactet lum), 534 
kandiensis {Lhcrthclla), 534 
kandiensis {Eherthus). 534 
kaposvai (Salmonella), 505 
kappa {Bacillus), 659 
kauffmannii {Salmonella), 493 


1451 



kauk-lact 


INDEX OP NAMES OF GENERA AND SPECIES 


kaukasiciM (Bacillus), 351 

kaustophilus (Bacillus), 730 

kedrowskii (Bacillus) ^ 814 

kefersteinii (Micrococcus) ^ 256 

kefir (Bacillus), 746 

kefir (Streptococcus), 338, 347 

kegallensis (Vibrio), 204 

kentucky (Salmonella), 526 

keratolytica (Actinomyces), 916 

keratolyticus (Proactinomyces), 916 

keratomalaciae (Bacterium), 679 

kermesinus (Bacillus), 746 

khartoumensis (Bacillus), 452 

khartoumensis (Enteroidcs), 452 

khartoumensis (Escherichia), 452 

kielense (Chromobacterium), 482 

kildini (Bacillus), 746 

kilensis (Serratia), 482, 483 

kiliense (Bacterium), 482 

kiliensis, (Bacillus), 482, 484 

kiliensis (Erythrobactllus), 482 

kimberi (Actinomyces), 964 

kimberi (Streptomyces), 964 

kirchneri (Streptococcus), 340 

kirkee (Salmonella), 529 

Klebsiella, 10, 18, 31, 37, 443, 467, 45S 

kUbsii (Bacillus), 659 

klebsii (Helicobacterium), 690 

kleckii (Bacillus), 659 

kleinii (Bacillus), 659, 660, 7S<S 

kleinii (Clostridium), 788 

klimenko (Vibrio), 205 

kluyverii (Clostridium), 794, 820 

knipowitchi (Bacterium), 680 

Kochella, 13 

kochi (Spirochaeta), lObO 
kochi (Treponema), 1060 
kochii (Bacillus), 877 
kochii (Borrelia), 1060 
kochii (Pediococcus), 250 
kochii (Schlerothriz), 877 
kochii (Spirillum), 1054 
kochii (Spirochaete), 1054 
kochii (Spironema), 1060 
kochii (Streptococcus), 340 
kolkmUii (Spirillum), 217 
IMn (Salmonella), 503 


kornii (Bacillus), 660 

kottbus (Salmonella), 513 

koubassoffi (Bacillus), 746 

krainskii (Actinomyces), 938 

krainskii (Nocardia), 946 

kralii (Bacillus), 680 

kralii (Bacterium), 

krameri (Bacillus), 477 

krameriani (Bacterium), 145 

krausei (Actinomyces), {Hi 

krausei (Discornyces), dll 

krausei (Nocardia), 921, 971 

krausei (Streptothrix), 971 

krusecastellani (Castellanus), 540 

krzemieniewskae (Cytophaga), 1014 

krzemieniewski (Bacillus), 722 

kuehniana (Crenoihrix), 987 

kuehniana (Hypheothrix), 987 

kuehniana (Leptothrix), 987 

kuetzingianum (Acetobacter), 180, 188 

kuetzingianum (Bacterium), 183 

kurlova (Ehrlichia), 1095 

kurlovi (Ehrlichia) (Rickettsia), 1095 

Kurthia, 21,26,30, 31,008 

kutscheri (Bacterium), 390 

kutscheri (Corynebacterium), 389 

kutscheri (Spirillum), 216 

kwanzani (Rimocortius), 1209, 1210 

laburni (Marmor), 1187 
lacca (Bacillus), 746 
lacerans (Bacillus), 639 
lacerans (Carpophthora), 1162 
lacerans (Marmor), 1152 
lacerans (Phagus), 1139 
lacertae (Actinomyces), 971 
lacertae (Oospora), 971 
lacertae (Streptothrix), 971 
lachrymans (Bacillus), 116 
lachrymans (Bacterium), 116 
lachrymans (Phytomonas), 116 
lachrymans (Pseudomonas), 116 
lacmus (Bacillus), 233 
lactantium (Bacillus), 454 
lactea (Neisseria), 261 
lactea (Sarcina), 292 
lactericeus (Micrococcus), 264 
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lacteum {Bacterium), 738 
lacteus (Bacillus), 716, 755 
lacteus (Micrococcus), 264 
lacteus (Streptococcus), MO 
lacteus faviformis (Micrococcus), 261 
lactica (Pseudomonas), 147 
lactica (Serratia), 600 
lactici-acidi (Bacillus), 447 
lacticola (Bacillus), 43, 716 
lacticola (Bacterium), 716 
lacticola (Mycobacterium), 887, 888, 889, 
890 

lacticola perrugosum {Mycobacterium), 

890 

lacticola perrugosum {Mycobacterium), 
890 

lacticola planum (Mycobacterium), 890 
lacticola a planum (Mycobacterium), 
890 

lacticola y friburgensis (Mycobacterium), 
890 

lacticum (Achromobacter), 425 
ladticum (Bacterium), 324 
lacticum (Corynebacterium), 370 
lacticum (Microbacterium), 353 , 370, 
371 

lacticus (Bacillus), 324, 362, 447 
lacticus (Micrococcus), 336 
lacticus (Streptococcus), 324 
lactimorbus (Bacillus), 727 
lactiparcus (Bacillus), 810 
lactis (Acidobacterium), 361 
lactis (Bacillus), 660, 716, 725 
lactis (Bacterium), 323, 454, 684 
lactis (Chlorobacterium), 693 
lactis (Flavobacterium), 434 
lactis (Lactobacillus), 361 
lactis (Lactococcus), 324 
lactis (Micrococcus), 264 
lactis II (Micrococcus), 264 
lactis (Sarcina), 292 
lactis (Streptococcus), 43, 323 , 324, 
325, 340 362 

lactis B (Streptococcus), 325 
lactis (Thermobacterium), 351 
lactis No, I (Bacillus), 716, 725 
lactis. No, II (Bacillus), 741 


lactis No, III (Bacillus), 738 
lactis No, IV, (Bacillus), 744 
lactis No, V, (Bacillus), 716 
lactis No. VI (Bacillus), 7 
lactis No, VII (Bacillus), 747 
lactis No, VIII (BacilliLs), 748 
lactis No, IX (Bacillus), 710 
lactis No, X (Bacillus), 709 
lactis No, XI (Bacillus), 743 
lactis No, XII (Bacillus), 755, 761 
lactis acidi (Bacillus), 324, 351 
lactis acidi (Bacterium), 323, 324 
lactis acidi (Lactobacillus), 351 
lactis acidi (Micrococcus), 264 
lactis acidi (Sarcina), 292 
lactis acidi (Staphylococcus), 282 
lactis acrogenes (Bacillus), 454 
lactis acrogenes (Bacterium), 454 
lactis acrogenes (EncapsulaJtus), 454 
lactis albidus (Micrococcus), 238 
lactis album (Bacterium), 416 
lactis albus (Bacillus), 716, 718, 746 
lactis albus (Micrococcus), 264 
lactis albus (Sarcina), 292 
lactis amari (Micrococcuc), 265 
lactis arborescens (Micrococcus), 252 
lactis aromaticus (Streptococcus), 340 
lactis aurantiaca (Sarcina), 292 
lacHs aureus (Micrococcus), 253, 265 
lactis citreus (Micrococcus), 265 
lactis citronus (Micrococcus), 265 
lactis cloacae (Bacillus), 455 
lactis commune (Bacterium), 362 
lactis erythrogenes (Bacillus), 600, 654 
lactis erythrogenes (Bacterium), 600 
lactis erythrogenes (Chromobacterium), 
600 

(lactis) erythrogenes (Erythrohacillus)^ 
600 

lactis erythrogenes (Micrococcus), 600 
lactis fiavus (Micrococcus), 265 
lactis fluorescens (Micrococcus), 265 
lactis foetidum (Viscdbacterium), 601 
lactis giganteus (Micrococcus), 265 
lactis gigas (Micrococcus), 265 
lactis harrisonii (Bacillus), 434 
lactis innocuus (Streptococcus), 340 
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lactis inocuus (Bacillus), 679 
lactis inocuus (Bacterium), 679 
lactis longi (Bacterium), 702 
lactis lutea (Sarcina), 292 
lactis marshalli (Bacterium), 415 
lactis mhiutissimus (Micrococcus), 265 
lactis niger (Bacillus), 711 
lactis pcptonans (Bacillus), 751 
lactis pituitosi (Bacillus), 684 
lactis pituitosi (Bacterium), 684 
lactis pruchn (Bacillus), 788 
lactis rosaci'us (Micrococcus), 265, 273 
lactis rubidus (Micrococcus), 274 
lactis rugosus (Micrococcus), 265 
lactis saponacei (Bacillus), 145, 668 
lactis tennophilus (Bacillus), 733, 756 
lactis varians (Micrococcus), 240, 241, 
263 

lactis var anoxijphilus (Streptococcus), 
325 

lactis var. hollandicus (Streptococcus), 
325 

lactis var. maltigenes (Streptococcus), 
44, 325 

lactis var. tardus (Streptococcus), 325 
lactis viscosi (Coccus), 238 
lactis viscosi (Micrococcus), 238 
lactis viscosum (Bacterium), 414 
lactis viscosus (Bacillus), 414 
lactis VISCOSUS (Micrococcus), 238, 2SO 
lactis VISCOSUS B (Micrococcus), 280 
La(*li)b:i<‘illus, IS, 21, 25, 31, 37, 38, 
42, 349, 350, 361, 367, 407, 675 
Lactobactei, 349 
Lactohacterium, 349 
lactobutyricum (Grariulobacler), 822 
lactobutyncus (Amylobacter), 822 
lactobntyricus (Bacillus), 822 
Laciococcus, 312 
lactofoetidus (Bacillus), 660 
lactopropylhutylicum (Clostridium), 814 
lactopropylbutyncus (Bacillus), 814 
Inctopropylbutyricus non liquefaciens 
(Bacillus), HIA 

lactorubcfaciens (Bacillus), 644 
lactorubefaciens (Bacterium), 654 
lactorubcfaciens (Serratia), 644 


Lactosarcina, 285 
Lactnmatoria, 5 
lactucae (Bacillus), 746 
lactucae (Bacterium), 168 
lactucae (Mariiior), 1178 
lactucae' (Phytomonas), 168 
lactucae (Xanthoinonas), 168 
lactucae-scariolae (Phytomonas), 154 
lactucae-scariolae (Xanthoinonas), 164 
lacunata (Moraxella), 690 
lacunatum (Flavohacterium), 441 
lacunatus (Bacillus), 441, 590 
lacunatus (Bacterium), 441 
lacunatus (Hemophilus), 590 
lacunatus vaf. atypira (Moraxella), 591 
lacunogenes (Pseudomonas), 177 
laerii (Bacterium), 680 
laesiofaeiens (Marmor), 1168 
laesiojaciens var minus (Marmor), 1168 
laevis (Bacillus), bib, 709 
laevis (Bactcroides), bib 
lacvolacticum (Bacterium), 348, 680 
laeviilosinertis (Micrococcus), 696 
lagerheimii (Leuconostoc ), 348 
lagcrheimii (Streptococcus), 348 
lagerheimii var subterraneum (Strepto¬ 
coccus), 341 

lagopodis (Spirochaeta), 1067 
lagopodis {Spuonema), 1067 
laidldwi (Sapromyces), 1294 
laminanne (Bacterium), 680 
lam marine (BiUeiia), 680 
laminanne (Kurthia), 680 
Lamprella, 13, 83 

Lainprocystis, 16, 23, 25, 847 , 848, 849, 
850, 855 

Lampropodia, 23, 25, 844 
lanceolatus (Bacillus), 660 
lanceolaius (Diplococcus), 307 
lanceolatus (Micrococcus), 307 
lanceolatus (Pneumococcus), 307 
lanceolatus (Streptococcus), 305, 330 
lanceolatus anaerobius (Coccus), 330 
lanceolatus capsulatus (Diplococcus), 307 
lanceolatus ovium (Diplococcus) (Strepto¬ 
coccus), 341 
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lanceolatua pasieuri.(Streptococcus), 306, 
330 

lanceolatus sive capsulatus (Ihplococcus), 
306 

lanceolatus var. mucosus (Diplococcus), 
30S 

lanceolatus var. mucosus (Streptococcus), 
30S 

lanfranchii (Actinomyces), 027 
lanjranchii (Nocardia), 027 
langkatense (Bacterium), 680 
Lankasteion, 847 
Lankoides, 10, 516 
lanuginosum (Synangium), 1033 
lanuginosus (Chondromyces), 1033 
lapillus (Streptococcus), 341 
lapsa (Phytomonas), 124 
lapsa (Pseudomonas), 124 
lardarius (Micrococcus), 265 
largum (Bacterium), 680 
largus (Bacillus), 680 
lari (Treponema), 1075 
larvae (Achromohacter), 425 
larvae (Bacillus), 726 
larvae (Enterobacillus), 425 
larvicida (Bacillus), 660 
larvictda (Bacterium), 660 
laseri (Bacillus), 612 
lasia (Pseudomonas), 147 
lasiocampa (Bacillus), 746 
lassan (Bacillus), 660 
lasserei (Actinomyces), 020 
lasserei (I)iscomyces),9%) 
lasserei (Nocardia), 020 
lasserei (Oospora), 020 
lasseurt (Flavohacterium), 178 
latapici (Spironema), 1064 
latapiei (Spirillum), 1064 
laiapiei (Spirochaeta), 1064 
latens (Rahula), 1286 
latens (Sphaerothriz), 086 
latencea (Serratia), 641 
latericeum (Bacterium), 641, 683 
latericeus (Bacillus), 641, 683 
Jaterosporus (Bacillus), 724, 725 
lathridii (Actinomyces), 971 
lathridii (Strepiothrix), 934 , 971 


lathyri (Bacillus), 476 
lathyri (Erwinia), 476 
latum (Caryophanon), 1004 
latvianus (Bacillus), 746 
laurentia (Pseudomonas), 
lauterbornii (Pelodictyon) ,S7\ 
laulus (Bacillus), 746 
lavendulae (Actinomyces), 944, 977 
lavendulac (Streptomyces), 944 
laverani (Spirochaeia),2\b 
laverani (Spironema), 215 
laverani (Treponema), 215 
laxae (Bacterium), 762 
lebeni (Bacillus), 364 
lebenis (Bacterium), 364 
lehents (Streptobacillus), 351, 364 
lebensis a and /3 (Streptobacillus), 364 
lebenis rionviscosus (Streptobacillus), 364 
lebenis viscosus (Streptobacillus), 364 
lectulana (Rickettsia), 1096 
legen (Fusiformis), 694 
Icgeii (Microspironema), 1073 
legen (Treponema), 1073 
Lcgio, 1267 
legrosii (Bacillus), 746 
leguminiperdum (Bacterium), 747 
leguminiperdus (Bacillus), 747 
Icguminosarum (Marmor), 1179 
leguminosarum (Phytomyxa), 224 
leguminosarum (Rhizobium), 224 , 225 
226, 1130, 1138 

leguminosarum (Schiruta), 224 
lehmanni (Bacillus), 747 
Icichmanni (Bacterium), 324 
leichmanni I (Bacillus), 357 
leichmanni II (Bacillus), 356 
leichmanni III (Bacillus), 357 
leichmannii (Lactobacillus), 367 
leidensis (Vibrio), 205 
leishmani (Actinomyces), 899 
leishmani (Discomyces), 899 
leishmanii (Nocardia), 899 
lekitosis (Bacillus), 747 
leloirii (Staphylococcus), 282 
lemam (Strepiothrix), 977 
lembkei (Bacterium), 533 
lemhkei (Micrococcus), 265 
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kmbkei (Sarcina), 292 
lemhkii (Pseudomonas), 148 
hmonnieri (Bacillus), 178 
lemoiinieri (Pseudomonas), 178 
lenis (Alcaligenes), 410 
Icntijormis (Bacillus), (560 
lentimorbus (Bacillus), 727 
leatoputrescens (Clostridium), 799, 

826 ^ 

lentulum (Bacterium), 637 
lenturn (Euhaclerium), 368 
lentus (Bacillus), 713 
lenius (Bacteroides), 368 
lentus (Micrococcus), 265 
lentus (Phagus), 1143 
lentus (Streptococcus), 335, 341 
leonardii (Vibrio), 200 
lepierrei (Bacterium), 680 
lepiseptica (Pasteurella), 547 
lepisepticum (Bacterium), 547 
lepisepticus (Bacillus), 547 
leporis (ilero6ader), 456 
leporis (Bacillus), 451 
lepons (Eherthella), 451 
leporis (Escherichia), 451 
leporis lethalis (Bacillus), 451 
leporis lethalis (Bacterium), 451 
lei orisepticum (Bacterium), 547 
leprae (Bacillus), 881 
leprae (Coccothrix), 882 
leprae (Discomyces), 882 
leprae (Mycobacterium), 875, 881, 882, 
887 

leprae (Sclerothrix), 882 
leprae hominus (Mycobacterium), 882 
leprae murium (Bacillus), $82 
lepraemurium (Mycobacterium), 875,882 
lepromatis (Actinomyces), 916 
Icpta (Saprospira), 1064 
Uptinotarsae (Bacillus), 660 
leptodermis (Bacillus), 712 
leptomitiformis (Beggiatoa), 992, 993 
lepiomitiformis (Oscillatoria), 992 
Leptospira, 19,20,26, 28,593; 594,1076 
leptosporus (Bacillus), 710 
Leptotrichia, 14, 19, 21, 22, 27, 34, 35, 
38, 364, 365» 983 


^Leptothrix, 17, 18, 19, 23, 26, 364, 365, 
983,986 

Leptothrix I, 367 
^ Leptothrix II, 367 
Leptothrix III, 365 
lesagci (Bacillus), 660, 747 
Icspedezae (Phytomonas), 159 
S(M) lospedezac* (Xanthomonas), 169 
Icsioquardi (Rickettsia), 1120 
let halo (Manner), 1155,1168 
lethalis (Bacillus), 680 
lethalis (Bacterium), 680 
lethalis (Proteus), 680 
Let hum, 1223 

leiibei (Urabacillus), 688, 729 
leucaemiae (Bacillus), 680 
lencacmtac (Bacterium), 680 
leucaemiae canis (Bacillus), 680 
leucaemiae canis (Bacterium), 680 
teucen (Streptoihrix), 934, 977 
leucea saproph ijtica (Streptothrix), 976 
leucogloeum (Bacterium), 637 
leucomelaenum (Spirillum), 217, 218 
Leuconostoc, 14, 20, 24, 31, 34, 346, 362 
leucotermitis (Spirochaeia), 1067 
Leucoihrix, 695 
levaditii (Treponema), 1070 
levanifOrmans (Bacillus), 747 
levans (Aerobacter), 455,664 
levans (Bacillus), 455 
levans (Bacterium), 
levans (Cloaca), 455 
Icvis (Habula), 1286 
levistici (Bacterium), 140 
levistici (Phytomonas), 140 
levistici (Pseudomonas), 140 
levyi (Actinomyces), 916 
lewisi (Pacinia), 701 
lewisii (Bacterium), b^ 
lewisii (Eherthella), 534 
lexington (Salmonella), 524 
lihaviense (Bacterium) , 341 
libaviensis (Streptococcus), 341 
liber (Phagus), 1142 
liborii (Clostridium), 820 
liceagi (SalmoneUa), 531 
lichenicolum (Podangium), 1086 
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licheniforme (Cloatridiwn) ^ 747 
licheniformia (Bacillus) ^ 747 
licheniformis (Micrococcus), 265 
lichenis-plani (Ristella), 576 
lichenocolus (Chondryomyces), 1035 
lichenoides (Bacillus), 747, 814 
lichnoides (Pneumococcus), 697 
yLieskeella, 986 
lieskei (Actinomyces), 950,974 
lieskei (Streptomyces), 9W, 974 
lignicola (Pseudomonas), 142 
lignieresi (Actinobacilius), 666, 926 
lignieresi (Discomyccs), 557 
lignieresi (Nocardia), 557 
lignieresi (Paateurella), 557 
lignieri (Bacillus), 556, 677 
ligniihum (Micrococcus), 265 
lignivorans (Bacillus), 747 
lignorum (Bacillus), 747 
liguire (Actinomyces), 975 
liguire (Nocardia), 975 
ligustri (Bacterium), 128 
ligustri (Marmor), 1187 
ligustri (Pseudomonas), 128 
lilacinus (Bacillus), 233 
lilii (Adelonosus), 1211 
lilii (Bacillus), 477 
lilii (Erwinia), 477 
limae (Cristispira), 1056 
limae (Spirochaeta), 1056 
limhatum (Bacterium), 680 
limhatum acidi lactici (Bacterium), 680 
limhatus (Bacillus), 660 
limbatus acidi lactici (Bacillus), 681 
limhatus butyri (Bacillus), 660 
limicola (Bacillus), 660 
limicola (Chlorobium), 870, 872 
limitans (Bacillus), 580 
limneticum (Sideroderma), 835 
limnophilus (Bacillus), 747 
limoniticus (Siderococcus), 835 
limophilus (Bacillus), 715 
limosum (Eubacteriurn), 368 
limosus (Bacillus), 715, 716, 815 
limosus (Bacteraides), 368, 370, 380 
lindenborni (Bacillus), 491 
lindneri (Acetobacter), 185 


lindneri (Bacillus), 360 
lindneri (Lactobacillus), 360 
lindneri (Pseudomonas), 106 
lineare (Siderobacter), 835 
linearis (Chroostipes), 873 
linearius (Thermobacillus), 734 
lineatus (Bacillus), 660 
linens (Bacterium), 601, 612 
lineola (Bacillus), 597, 681 
lineola (Bacterium), 597, 681 
lineola (Treponema), 1071 
lineola (Vibrio), 597,1071 
lineopictum (Marmor), 1197 
lingardi (Bacillus), 747 
linguae (Spirillum), 205, 920 
linguale (Spirosoma), 205,920 
lingualis (Actinomyces), 920 
lingualis (Diacomyces), 920, 922 
lingualis (Nocardia), 205, 920,922 
lingualis (Oospora), 922 
lingualis (Streptothrix), 920 
lingualis (Vibrio), 205, 920 
Uni (Bacterium), 681, 818 
linkoi (Bacterium), 681 
linognathi (Rickettsia), 1096 
linsbaueri (Chromatium), 857 
linsbaueri (Rhabdochromaiium), 855 
linsbaueri (Rhabdomonas), 855, 856 
liodermos (Bacillus), 709 
liparis (Bacillus), 660 
Itparis (Diplococcus), 336 
lipidis (Achromobacter), 416 
lipidis (Bacterium), 416 
lipmanii (Actinomyces), 952 
lipnianii (Stroptomyccs), 952 
lipofcrum (Chromatium), 203, 216 
lipoferum (Spirillum), 203,^216 
lipolyticum (Achromobacter), 609 
lipolyticum (Bacterium), 391 
lipolyticum (Bactridtum), 609 
hpolyticum (Kurthia), 693 
lipolyticus (Alcaligenes), 391 . 
lipolyticus (Bacterium), 390,693 
lipolyticus (Micrococcus), 266 
liquata (Cellulomonas), 396,614 
liquatum (Bacterium), 396, 614 
liquefaciens (Achromobacter), 418 
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liquefaciens {Actinomyces), 075, 076 
Uquefaciens (Aerohacter), 455, 002 
liquefaciens (Amylobacter), 823 
liquefaciens (Bacillus)^ 148, 388, 104, 418, 
457, 660, 661 

Uquefaciens [Bacterium), 457 
liquefaciens (Bneteroides), 575 
liquefaciens (Cladothrix), 034, 075, 076 
liquefaciens {CorcobaciUus}, 575 
liquefaciens [Corynchnctcnum), 371, 3SS, 
404 

liquefaciens (DiplohaciHus), 501 
liquefaciens {Disenmyecs), 076 
liquefaciens (GlucononectohacAer), 604 
liquefaciens (Gluconohactcr), 604 
liquefaciens {Microhacierium), 371 
liquefaciens {Micrococcus), 23S, 240, 266, 
274 

liquefaciens (Microspira), 108 
liciut'farions (Moraxclla). 691 
liquefaciens (Xocardia), 023, 075 
liquefaciens {Oospora), 076 
liquefaciens (Pseudomonas), 14S 
liquefaciens {Sarcina), 2SS, 2^)2 
liquofaciens (Str(i|)tococrus), 240, 326, 
327, 702 

liquefaciens {Streptnfhrix), 076 
liquefaciens (Tctracoccus), 240 
liquefaciens (Vibrio), 198 
liquefaciens acidi I and II {Micrococcus), 
266 

liquefaciens alb us (Bacillus), 061 
liquefariens alhus (Micrococcas), 274 
liquefaciens nurantiacus {Staphylococ¬ 
cus), 282 

liquefaciens hovis {Pncumobacillus), 675 
liquefaciens communis {Bacillus), 661, 
681,600 

liquefaciens communis (Bacterium), 661, 
681 

liquefaciens conjunctivae {Micrococcus), 
257 

liquefaciens jlueggei (Micrococcus), 266 
liquefaciens lactis amari (Bacillus), 648 
liquefaciens magnus (Bacillus), 787, 825 
liquefaciens parvus (Bacillus), 822 
liquefaciens pyogenes (Bacillus), 388 


liquefaciens pyogenes hovis (Bacillus), 388 
liquefaciens septicus (Urohacilius), 401 
liquida (Pseudomonas), 425, 690 
Liquidobacterium, 8, 486 
Liqmdococcus, S, 235 
Ltqyidomonas, S, 83 
Liqmdovibrio, 8, 192 
hquidum (Achromobacier), 425, 609 
liquidnm (Bacterium), 425 
hquidus {Bacillus), 425, 690 
hquidus (Micrococcus), 266 
hquidus communis (Bacillus), 661 
hskey (Actinomyces), 071 
liskeyi (Astcroides), 074 
lissaboncnsis (Vibrio), 205 
Listerclla, 20, 408 
listen (Actinomyces), 061 
listeri (Bacillus), 356 
listen (Lactobacillus), 356 
hsteri (Lactohnclerium), 356 
listen (Pseudomonas), 148 
listen (Streptoinyccs), 961 
Listeria, 408 

litchficld (Salmonella), 514 
morale (Achromobacier), 425 
lilorale var. 2 (Achromobacier), 425 
litoralis (Bacillus), 425 
Iitotalis (Bacterium), 425 
litoralis (Krythroconis), 289 
litoralis (Merismopcdia), 289 
litoralis (Micrococcus), 288 
litoralis (Pcdiococcus), 280 
litoralis (Pseudomonas), 425 
litoralis gadidarum (Micrococcus), 289 
litoreum (Bacterium), 
htoreus (Bacillus), 681 
liiorosus (Bacillus), 661 
litioralis (Erythroconis), 843 
littoralis (Larnpropedia), 289 
litioralis (Merismopcdia), 843 
littoralis (Sarcina), 288, 280 
livida (Sarcina), 202 
livido-lutescens (Sarcina), 291,292 
lividum (Chromobacterium), 234 
lividuB (Bacillus), 234, 747 
lividuB (Bacterium), 234 
lohatus (BacilluB), 733 
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lotM-lute 


lobatus (Micrococcus), 266 
lobatus (Thiobacillus), 81 
loculosum (Bacterium), 681 
Loejflerella, 37, 654 
loeffleri (Pacinia), 383 
locffleri (Planococcm), 281 
loehnisii (Bacillus), 728 
loehnisii (Bacterium), 477 
loehnisii (Phyiomonas), 477 
Loehnisium, 14 

loewenbergii (Micrococcus), 266 
loewenbergii (Sarcina), 292 
loganobacci (Nanus), 1206 
loidensis (Actinomyces), 971 
loligo (Coccobacillus), 636 
loma linda (Salmonella), 522 
londinensis (Actinomyces), 921 
londinensis (Discomyces), 921 
londinensis (Nocardia), ^21 
london (Salmonella), 522 
londonensis (Salmonella), 522 
longa (Pseudomonas), 148, 699 
longiarticulata (Thiothrix), 990 
longior (Bacillus), 747 
longissirna (Chlamydothrix), 1002 
longissima (Pontothrix), 1002 
longissimus (Streptococcus), 315 
longum (Bacterium), 760 
longum (Belabacterium), 300 
longum (Rhodospirilium), 867 
longus (Bacillus), 747, 815 
longus (Lactobacillus), 354, 360 
longus (Streptobacillus), 352 
longus (Streptococcus), 315 
longus hernolylicus (Streptococcus), 315 
longus pathogenes sou erysipelaios 
(Streptococcus), 315 
lopholea (Leptothrix), 986 
lophomonadis (Fusiformis), 694 
losanitchi (Bacillus), 732 
loti (Rhizobium),22b 
lottii (Catenabacieriiim), 368 
louisianae (Miyagawanclla), 1118 
lovati (Spirochaela), 1067 
lowenthali (Spirochaeta), 1067 
loxiarida (Bacillus), 661 
loxoi^porus (Bacillus), 718, 748 


loxosus (Bacillus), 716 
lubinskii (Bacillus), 816 
lucae (Streptococcus), 341 
lucens (Bacterium), 635 
lucens (Micrococcus), 635 
luceti (Bacterium), 681 
luciana (Salmonella), 526 
lucidus (Bacillus), 661 
lucilarum (Neisseria), 301 
luciliae (Clostridium), 779 
lucrosa (Cellulomonas), 614 
lucrosum (Bacterium), 614 
ludwigi (Bacterium), 681 
luis (Trypanosoma), 1071 
luminosa (Microspira), 635 
luminosum (Ackromobacter), 634 
luminosum (Photobacter), 635 
luminosum (Photohaclerium), 634, 635, 
636 

luminosus (Bacillus), 635 
luminosus (Bacterium), 635 
luminosus (Vibrio), 635 
lumnitzeri (Bacterium), 739 
lunavensis (Bacillus), 544 
lunavensis (Bacterium), 544 
lunavensis (Shigella), 544 
lunula (Bacterium), 760 
lupi (Bacillus), 661 
lupini (Bacillus), 661 
luptni (Phytomyxa), 226 
lupini (Rhizobium), 224, 226 
luridus (Micrococcus), 266 
lustigii (Bacillus), 661, 668, 804 
lustigii (Clostridium), 804 
lustigii (Endosporus), 804 
lutea (Cytophaga), 1013 
lutea (Neisseria), 281, 696 
lutea (Nocardia), 909 
lutea (Sarcina), 253, 287, 290, 291, 292, ‘ 
293, 294 

luteo-albus (Bacillus), 661 
luteola (Aphanoihece), 871 
luteola (Nocardia), 924 
luteola (Oospora), 924 
luteola (Sarcina), 292 
luteola (Schmidlea), 871, 874 
luteola (Streptothrix), 924 
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luUolum (Bacterium), 681 
luUolua (Actinomyces), 924 
luteolus (Discomyces), 924 
luteolus (Micrococcus), 266 
luieo-roseus (Actinomyces), 971 
lutescens (Bacterium), 436, 681 
lutescens (Flavobacterium), 486 
lutescens (Sarcina), 292 
lutetiensis (Bacillus), 233, GO I 
luteum (Ascobacterium), 647 
luteum (Bacterium),6S\ 
luteum (Bacteridium), 237 
luteum (Mycobacterium), 890 
luteum (Polyangium), 1027 
luteus (Actinomyces), 909 
luteus (Bacillus), 661, 690, 748 
luteus (Diplococcus), 281, 694, 696 
luteus (Micrococcus), 43, 237 , 251, 256, 
257, 259, 260, 261, 262, 263, 264, 265, 
266, 267 , 268, 269, 270, 271, 272, 273, 
275, 276, 277, 278, 280 
luteus (Mycococcus), 891 
luteus (Planococcus), 281, 694 
luteus (Streptococcus), 341 
luteus liquefactens (Bacillus), 490 
luteusAiquefaciens var. larvae (Micro¬ 
coccus), 266 

luteus pallescens (Bacillus), 664 
luteus putidus (Bacillus), 647 
luteus sporogenes (Bacillus), 748 
luteus var. larvae (Micrococcus), 266 
lutosus (Micrococcus), 266 
lutrae (Spirochaeta), 1067 
lutrae (Spironema), 1067 
lutrae (Spiroschaudinnia), 1067 
lutulentus (Bacillus), 716 
lutzae (Bacillus), 274, 301, 748 
Iwoffi (Moraxella), 592 
lycopersici (Bacterium), A77 
lycopersici (Lactobacillus), 358 
lycopersici var. vitiaii (Bacterium), 640 
lycopersicum (Phytobacter), 145 
lydiae (Bacterium), 760 
lymantriae (Bacillus), 661 
lymantriae (Bacillus) (Bacterium), 661 
lymantriae (Coccobacillus), 661 
lymantriae (Diplococcus), 336 


lymantriae a (Bacillus), 661 
lymantriae /3 (Bacillus), 661 
lymantricola adiposus (Bacillus), 661 
lymantricola adiposus (Bacterium), 661 
lymphae vaccinalis (Corynebacterium) 
401,404 

lymphaticum (Treponema), 1068 
lijmphaticus (Spirochaeta), 1067 
lyniphogranulomatis (Miyagawanclla), 
1116 , 1117, 1118, 1119 
lymphogranulomatosis (Ehrlichia), 1116 
lymphophilum (Conjnebacterium), 388, 
404 

lymphophilus (Bacillus), 404 
lysodeikticus (Micrococcus), 266 
lyssae (Cocco-bacterium), 266 
lyssae (Glugca), 1264 
lyssae (Micrococcus), 266 
lyticus (Bacillus), 815 

maasei (Microspira), 202 
maasei (Spirillum), 202 
macact (Spirochaeta), 1068 
macaci (Spironema), 1068 
macaci (Spiroschaudinnia), 1068 
maccullochianum (Bacterium), 117 
macerans (Aerobacillus), 721 
macerans (Bacillus)-, 720, 721 , 722 723 
macerans (Zymobacillus), 721 
macfadyeanii (Bacterium), 531 
macfadyeanii (Salmonella), 631 
Macintoshillus, 11, 763 
Macrocystita, 14 

macTodentium (Spirochaeta), 1075 
macrodentium (Treponema), 1070, 1075 
macrodipodidarum (Actinomyces), 921 
macrodipodidarum (Nocardia), 921 
Macromonaa, 997, 1000 
macrophysa (Tkiophysa), 998, 999 
macroselmis (Pseudomonas), 146, 148, 699 
macrospora (Palmula), 798 
macrosporus (Acufor mis), 79S 
macrosporus (Bacillus), 815 
macrosporus (Chondrococcus), 1046 
macrosporus (Myxococcus), 1046 
macirae (Cristispira), 1056 
mactrae (Spirochaeta), 1056 
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maculans (Phagus), 1139 
maculata (Nocardia), 913 
niaculaium (Corynehacterium), 404 
maculaiua (Actinomyces) ^ 913 
maculaius (Bacillus), 404, 748 
macvlatus (Proaciinomyces), 913 
maculicola (Aplanobacter), 639 
macvlicola (Bacillus), 639 
maculicola (Bacterium), 
maculicola (Phytomonas), 117 
maculicola (Pseudomonas), 117 
maculicola var. japonicum (Bacterium) 
117 

maculicolum (Bacterium), 117 
maculifolium - gardenias (Phytomonas) 
696 

madampensis (Bacillus), 542 
madampensis (Lankoides), 542 
madampensis (Shigella), 540, 642 
maddoxi (Bacillus), 729 
maddoxi (Bacterium), 729 
madelia (Salmonella), 52S 
madidus (Bacillus), 
madidus (Micrococcus), 266 
madoxii (Urobacillus), 729 
madurae (Actinomycee), 908, 900 
madurae (Cladothrix), 908 
madurae (Discomyces), 908 
madurae (Nocardia), 908, 909, 960 
madurae (Oospora), 908 
madurae (Streptoihrix), 908, 915, 924 
maercki (BaciUus),^ 
maggiorae (Pediococcus), 290 
maggiorai (Bacillus), 661, 803 
maggiorai (Clostridium), 803 
maggiorai (Endosporus), 803 
magna (Cornilia), 787 
magnivena (Aureogenus), 1166 
magnus (Bacillus), 748, 787 
magnus (Diplococcus), 267, 305, 308 
magnus (Inflabilis), 823 
magnus (Jodococcus), 2^7, 695 
magnus (Micrococcus), 267 
magnus (Staphylococcus), 701 
magnus (Streptococcus), 341 
magnus anaerobius (Diplococcus), 308 
magnus liquefaciens (Bacillus), 787 


magnusson-holth (Corynebacterium), 391 

rnaidis (Bacillus), 148, 748 

maidis (Fractilinea), 1169 

rnaidis (Marmor), 1169 

maidis (Phagus), 1186 

maidis (Pseudomonas), 148, 748 

maidis var. mitis (Fractilinea), 1160 

maidis var. sacchari (Fractilinea), 1159 

maidis var. typicum (Fractilinea), 1159 

major (Bacillus), 661 

major (Beggiatoa), 992 

major (Gallionella), 832 

major (Leptothrix), 9S% 

major (Micrococcus), 267 

major (Phagus), 1133 

major (Siderocapsa), 833 

major (Siderotkece), 835 

majus (Thiovulum), 1000 

makrono fdiformis (Bacillus), 815 

malabarensis (Bacillus), 714 

malae (Streptobacillus), 336 

inalae (Streptococcus) ,2!!^ 

malakofaciens (Bacillus), 748 

malamoria (Vibrio), 205 

malaperti (Streptococcus), 341 

malariae (Bacillus), 661 

malenconi (Actinomyces), 939 

malenconii (Streptomyces), 939 

malenominatum (Clostridium), 786 

malenominatum (Paraplectrum), 786 

malenominatus (Bacillus), 786 

mali (Bacterium), 640 

mali (Marmor), 1194 

maligni (NoviUus), 777 

malignus (Streptococcus), 341 

mallei (Actinobacillus), 555 

mallei (Bacillus), 555 

mallei (Bacterium), 555 

mallei (Brucella), 555 

mallei (Cladascus), 555 

fnallei (Corynebacterium), 5o5 

mallei (Loefflsrella), 555 

mallei (Malleomyces), 666 

fnallei (Mycobacterium), 565 

mallei (PfeiffereUa), 555 

mallei (Sclerothrix), 555 

Malleomyces, 25, 27, 664 
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tnalolacUcm (Micrococcus), 2^7 margiiians (Murmor), 1196 

malvacearum (Bacillus), 159 marguiata (Phytoinonas), 118 

rualvacearum (Bacterium), WJ marginuia (Pseudomonas), 118 

malvacearum (Phytomonas), 159 marginaia (Sarcina), 292 

malvacearum (Psexidomonas), 159 marginalum (Bacterium), 118 

malvacearum (Xanthomonas), 159, 1136 marginal us (Actinomyces), 971 
malvacearum var. harhadense (Bac- marginatus (Micrococcus), 267 
terium), 178 mananensis (Bacillus), [iSi) 

mammitidis (Bacillus), maricola (Bacillus), i}Q2 

mammitis {Micrococcus), 267 mariense (Bacillus), 416 

mainmitis bovis (Streptococcus), 267, 311 manna (Bcggiatoo), 991, 992 


Mammococcus, 327 
manckuriae (Rickettsia), 1085, 1086 
manfredii (Micrococcus), 267 
manfredii (Streptococcus), 267 
manganicus (Bacillus), 662 
manganijera (C/cnoi/irtx),9S7 
mangifeiae (Bacillus), 474 
mangiferao (Erwinia), 474 
manhattan (Salmonella), 514 
monihotus (Bacillus), 170 
manihotus (Bacterium), 170 
maniholis (Phytomonas), 170 
inatiihotis (Xanthomonas), 170 
mannilocrcmoris (Streptococcus), 325 
mannitopocurn (Bacterium), 359 
mannitopoeus (Lactobacillus), 359 
mnnnitopoeus \a\\ fer merit us (Lactobanl 
I us), 350 

mansjuddii (Bacterium), 760 
Mantegazzaea, 853 
marcescens (Bacillus), 480 
marcescens (Salmonella), 480 
marcehceiis (Serratiu), 10, 479, 481, 182, 
483 , 484, 485 

marchouxi (Spirochaeta), 1058 
marchouxi (Spironema), 1058 
marchouxi (Spuoschanduinia), 1058 
marchouxi (Tieponernn), 1059 
marganneum (Bacterium), 681 
margarincus (Bacillus 
margurilaceus (Sticptococcns), 311 
margar it la ceum (Bacterium), 457 
maiginalc (Anaplasma), 1100 
marginale (Bacterium), 125 
marginalis (Phytomonas), 125 
marginahs (Pseudomonas), 126 


manna (Miciospira), 205 
marina (Spirochaeta), 1062 
marina (Thiothrix), 990 
mannagihs (Vibno), 703 
mai inojlavus (Vibrio), 703 
mannofulcus (Vibrio), 703 
marinoglutinosa (Pseudomonas), 107 
mahnogluluiosus (Achromobacter), 107 
mannolimosus (Actinomyces), 971 
marinopersiva (Pseudomonas), 699 
inarinopiscosus (Bacterium), 606 
mannopiaesens (Vibrio), 703 
marinoiubia (Setratio), 484 
marmotypicum (Flavobactcrium), 431 
marineVIrosum iFlavobactorium), 431 
marinovulgaiis (Vibrio), 703 
marinum (Baclenum), 681 
marinum (Flavobaeterium), 433 
marinum (Mycobacterium), 883, 884, 886, 
887 

marinum (Spii ilium), 206 
niannub (Micrococcus), 267 
maiinus (Vibno), 203, 205 
manpuniceus (Micrococciu), Ci)G 
maris (Flavobactcriunij, 611 
mans-moilui (Chromohncierium), 234 
majis~mojtill (Flavuhuctenum) (Ilulobac- 
Urium), 142 

marilimum {Buclei luni), 718 
mantimus (Bacillus), 748 
markusfeldii (Bacterium), 700 
Marmor, 1163, 1202 
marinorans (Scelus), 1238 
mnnnolae (Spiruchacla), 1068 
marocanum (Spiiochaeta), 1067 
marscille (Salmonella), 526 
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marshalli (Bacterium) ^ 692 
marshallii (Alcaligcncs), 416 , 416 692 
marailienaia (Bacterium), QQ2 
maraillienaia (Bacillua)^ 662 
Martellilluat 11, 763 
martinezii (Bacillua), 662 
marlinezii (Bacterium), 662 
mariyniae (Bacterium), 112 
martyniae (Phytomanas), 112 
mariyniae (Pseudomonas), 112 
maachekii (Paeudomonaa), 148 
maaaauah (Microapira), 205 
maaaanah (Spirillum), 205 
maaaauah (Vibrio) 205 
masaowah (Spirillum) 205 
mastidia (Paateurella) 553 
maatidia gangraenoaae mis (Micrococcus) 
267 

maatitidia (Bacterium), 553 
mastitidia (Micrococcus), 267, 284 
ynastitidis (Streptococcus) 
mastitis (Micrococcus), 267 
mastitis albus (Staphylococcus), 280 
mastitis contagiosac (Streptococcus), 319 
fnastitia aporadicae (Streptococcus), 319 
mastobius (Micrococcus), 267 
matazoonii (Bacillus), 441 
mathersi (Streptococcus), 341 
mathiacolle (Thermobacterium), 364 
matruchoii (Actinomyces), 918 
matruchoti (Cladothrix), 918 
matruchoti (Nocardia),\)\S 
matruchoti (Ooapora), 918 
inatthiolae (Bacterium), 122 
matthiolae (Marmor), 1177 
matthiolae (Phytomanas), 122 
matthiolae (Pseudomonas), 122 , 123 
matzoonii (Flarobacterium), 441 
mauhlancii (Bacterium), 140 
maublancii (Phytornonas), 140 
mauhlancii (Pseudomonas), 140 
maxima (Beggiatoa), 992 
maxima (Butyrisarcina), 286 
maxima (Leptotrichia), 366 
maxima (Raamus$cnia),^&i 
maxima (Sarcina), 286 


maxima (Zymoaarcina), 286 
maxima buccalis (Leptothrix), 366 
maximum (Phagus), 1184 
maximum buccalis (Bacillus), 365 
maximua (Bacillus), 366 
maximua (Streptococcus), Ml 
maydia (Bacillus), 681 
maydia (Bacterium), 681 
mayomonei (Bacillus), 815 
mazei (Methanococcus), 248 
mazun (Bacillus), 748 
mazun (Bacterium), 362 
medanenae (Bacterium), 681 
media (Beggiatoa), 992 
media (Spirochaeta), 1075 
media (Spironema), 1075 
media oris {Spirochaeta), 1075 
medicaginis {Bacillus), 118 
medicagims (Bacterium), 118 
medicaginis (Chlorogenus), 1161 
medicaginis (Marmor), 1155, 1181 
medicaginis (Phytornonas), 118 
medicaginis (Pseudomonas), 118 
medicaginis var. phaaeolicola (Bac¬ 
terium), 118 

medicaginis var. phaaeolicola (Phyto- 
monos), 118 

medicaginis var. phaaeolicola (Pseudo¬ 
monas), 118 

medicaginis var. solani (Marmor)., 1181 
medicaginis var. typicum (Marmor), 1181 
medtosporus (Bacillus), 748 
medio-tumescena (Bacillus), 748 
medium (Clostridium), 820 
medium (Treponema), 1075. 
medius (Chondromyces), 1088 
modi us (Phagus), 1182 
medius (Staphylococcus), 701 
megaloaporus (Bacillus), 815 
megalosporus (Chondrococcus), 1046 
megaloaporus (HiberiUus), 815 
megalosporus (Infldbilis), Sib 
MegalothHx, 984 
megaterium (Bacillus), 714 
megaterium bombycis (Bacillus), 739 
Megatherium, 20, 22 
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megatherium (Bacillus), 632, 714 , 717, 
718, 738, 739, 744, 748, 750, 759, 1130, 
1138 

megatherium var. ravenelii {Bacillus) yliS 
megawi {Rickettsia) ^ 1090 
megawi vat, ftetcheri {Rickettsia) ^ 1090 
megawi var. pijperi {Rickettsia)^ 1088 
Melanella, 5 

melaninogenica {RisUlla), 574, 575 
melaninogenicum {Bacterium) ^ 57i 
melaninogenicus (Bacteroides), 574 , 575 
melaninogenicus (Hemophilus), 574 
melanocycla {Nocardia), 956 
melanocyclus {Actinomyces), 267,956 
melanocyclus {Micrococcus) ,257, 956 
melanocyclus (Streptomyces), 956 
melanogenes {Bacillus), 468, 469, 470 
melanogenes {Streptococcus), 341 
melanogenes canis {Spirochaeta), 1068 
melanogenum (Acetobacter), 183 
melanoglossophorus {Micrococcus) 267 
melanoroseus (Actinomyces), 972 
melanosporea {Nocardia), 955 
melanosporeus {Actinomyces), 955 
melanosporeus (Streptomyces), 955 
melanosporus (Bacillus), 748 
melanotica (Streptothriz), 977 
melanovogenes (Proteus), 490 
meldensis (Micrococcus), 267 
meleagridis (Bacillus), 662 
meleagridis {Lactobacillus), 407 
meleagridis (Salmonella), 502,523 
melezitovorum (Aerobacter), 456 
tnclijlava (Sarcina), 292 
incliloti (Rhizobium), 226 
melitense (Bacterium), 561 
melitensis (Alcaligenes), 561 
melilensis (Bacillus), 561 
melitensis (Brucella), 42, 560 , 561, 562 
melitensis (Micrococcus), 260, 560 
melitensis var. abortus (Brucella), 561 
melitensis var. melitensis (Brucella), 561 
melitensis var. suis (Brucella), 562 
Melittangium, 1031, 1033 
mellea (Phytomonas), 130 
mellea (Pseudomonas), 127, 130 
melleum (Bacterium), 130 


melleus (Bacillus), 662 
melleus grandinis (Micrococcus), 267 
melloi (Bartonella), 1108 
melloi (Haemobartonella), 1108 
melochlora (Pseudomonas), 148, 699 
melochloros (Baccillus), 148 
melochlorus (Bacterium), 699 
Melococcus, 235, 312 
melolonthae (Bacillus), 662 
melolonihae (Diplobacillus), 336, 600 
melolonthae (Fusiformis), 694 
melolonthae liquefaciens (Bacterium), 681 
melolonthae liquefaciens a (Bacillus), 681 
melolonthae liquefaciens a, fi and y 
(Bacillus), 662 

melolonthae liquefaciens a, and y (Bac¬ 
terium) , 662 

melolonthae non-liquefaciens a, and 
y (Bacillus), 662 

melolonthae non-liquefaciens 5 (Bacillus), 
662 

melolonthae nonAiquefaciens t (Bacillus), 
662 

melonis (Bacillus),'474, 748 
melonis (Erwinia), 474 
melonis {Pectobofierium), 474 
meL^hagi (RickeHsia), 1096, 1097 
melophagi (Spirochaeta), 1068 
inelophthora (Phytomonas), 141 
melophthora (Pseudomonas), 141 
melophlhorum (Bacterium), 141 
membranacea (Nitroeogloea), 74 
membranaccum (Chromobaclenum), 234 
membrnnaceitm amelhystinum I (Chromo¬ 
bacterium), 234 

membranaccum amethyslinum II (Chro- 
mobacterium), 234 

membranaceum amelhystinum III (Chro- 
mobaclerium), 234 

membranaceum amethyslinum IV (Chro¬ 
mobacterium), 234 
rnembranaceus (Bacillus), 552 
memhranaceus amethystinus (Bacillus), 
232 

rnembranaceus amethystinus (Bacterium), 
232 
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meinhranaceuB amethystinuB I (BocUIub), 
234 

membranaceuB amethystinuB II (Bacillus)^ 
234 

membranaceuB ameihysiinuB III (Ba- 
cilluB), 234 

membranaceuB amethystinus IV (Ba¬ 
cillus), 234 

membranaceuB amethystinus mobilia (Ba¬ 
cillus) , 233 

membranifer (Bacillus), 612 
membranoformis (Achromobacler), 107 
membranoformis (Pseudomonas), 107 
membranula (Pseudomonas), 699 
memelensis (Micrococcus), 267 
mendozae (Gaffkya), 284 
mendozae (Micrococcus), 284 
meningitidis (Bacillus), 662,681 
meningitidis (Coccobacillus), 589 
meningitidis (Diplococcus), 297 
meningitidis (Flavobacterium), 490 
meningitidis (Hemophilus), 589 
meningitidis (Micrococcus), 297 
meningitidis (Neisseria), 296, 297, 299, 
301 

meningitidis (Streptococcus), 341 
meningitidis aerogenes (Bacterium), ^2 
meningitidis cerehrospinalxs septtcemiae 
(Hemophilus), 585 

meningitidis purulentae (Bacillus), 681 
meningitis (Cillobacterium), 369 
Meningococcus, 297 

meningococcus cerebrospinalis (Micro¬ 
coccus), 297 

mephitica (Pseudomonas), 99 
merdarius (Streptococcus), 341 
merionis (Grahamella), 1110 
merismoides (Nitrosogloea), 73 
Merismopedia, 6 

merismopedioides (Bacterium), 682 
Merista, 235 

merlangi (Microspironema), 1064 
mesenterica (Nocardia), 907 
mesenterica (Pseudomonas), 148 
mesentericum (Bacterium), 760 
meaentericum (Microbacterium), 907 
mesentericus (Agarbacterium), 629 


mesentericus (Bacillus),^ 595, 709, 711, 
712, 741,748, 755,760 
mesentericus (Proactinomyces), 907 
mesentericus var. fiavus (Bacillus), 710, 
712 

mesentericus aureus (Bacillus), 173,693 
mesentericus corrugatus (Merismopedia), 
258 

mesentericus fuscus (Bacillus), 709, 737, 
744 

mesentericus fuscus consistens (Bacillus), 
748 

mesentericus fuscus granulatns (Bacillus), 
748 

mesentericus hydrolyticus (Bacillus), 710 
mesentericus niger (Bacillus), 711 
mesentericus panis viscosi I (Bacillus), 
760 

mesentericus panis viscosi II (Bacillus), 
710 

mesentericus roseus (bacillus), 748 
mesentericus ruber (Bacillus), 709, 748 
mesentericus rubiginosus (Bacillus), 743 
mesentericus vulgatus (Bacillus), 709, 
741, 751 

mesentericus vulgatus mucosus (Bacillus), 
748 

mesenterioides (Bacillus), 749 
mesenterioides (Streptococcus), 346 
mesenteroides (Ascococcus), 346 
mesenteroides (Bacterium), 760 
mesenteroides (Leuconostoc), 262, 263, 
346, 348, 689 

mesenthericus (Bacillus), 755 
Metabacterium, 9,762 
metabolicus (Bacillus), 662 
metabotuhnum (Clostridium), 784 
meiacoli (Bacillus), 452 
metacoli (Bacterium), 4BS 
metacoli (Escherichia), 452 
metacoloides (Bacillus), 452 
metacoloides (Escherichia), 452 
metadiffluens (Bacillus),490 
metadiffluens (Proteus), 490 
metadysenterica var. A, B, C, and D 
(ShigeUa), 544 

metadysentericus (Castellanus), 544 
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metadyBeniericm var. -4, 2?, C and D 
(Bacillus) t 544 

metadysentcricus var. .4, C, and 1) 
(DyseiUeroides)f 544 
nietaflavus (Bacillus) 
melalcaltgencs (Achromohacicr), 414 
metalcaligcnes (Alcaligcncs), 414 , 416 
vietalcaligeiies (Bacterium)y 114 
Meiallactery 6,705, 763 
vieialloides (Pseudomonas)y 148 
metchnikovi (Actinomyces)y 972 
mctchnikovi (Vibrio), 196 
MetchnikovilluSy 11, 763 
mctchnikowi (Oospora)y 934,972 
metentericus (Micrococcus) y 696 
methanica (Methanomonas), 179 
methanica (Methanosarcina)y 287 
methanica (Sarcina), 287 
methanica (Zymosarcina ), 287 
methanicus (Bacillus) y 179 
methanigenes (Bacillus) y 809 
methanigenes (Cellohacillus) y 809 
methanii (Bacillus ), 809 
MethanQbactcrium, f^9, 30, 645, 6 4 ^ 
Alethanococcus, 29, 30, 248 
Methanomonas, 20, 31^ 82. 179 
/ Methanosarcina, ^, 30, 31, 2^^ 
methylicum (Bacterium), 643 
ineihylicHs (Bacillus)y 
metiens (Bacillus), 7Itj 
metritis (Corynebactenum), 404 
melntis (SpiiochaeUi)y 1068 
metschnikoffii (Microspira ), 196 
meischnikojfi (Pacinia)y 190 
metschnikori (Spirillum), 106 
niexicana (Xocardia), Olil 
mexicana (Salmonella), 531 
mexicanus (Actinomyces), 019 
meiicanus (Discomyces), 010 
meycri (Aclinobaclerium), 027 
Mcycrillus, 11, 763 
miami (Salmonella), 510 
micans (Bacillus), 749 
miceiomae (Actinomyces), 916 
micetomac (Oospora), 916 
nucetomae-argentinae (Nocardia), 918 
micetomas a rgentinae a (Sireptothrix), 918 


miceiomae argeniinae (StrcptothTix),^\^ 
michaclisii (Bacillus), 733 
micheli (Neisseria), 279, 690 
micheli (Pacinia), 691 
michiganeae (Erwinia), 394 
niichiganense (Aplanobacter), 3M 
michiyancnse (Bacterium), 393 
michiganensc (Corynt3l)actcrium), 393 
michiganense (Pseudomonas), 303 
michiganensc var. saprophifticum (Cor- 
yn€baclcrium),3d‘i 
michiganensis (Phagus), 1140 
michiganensis (Phyiomonas), 304 
micronpoikia (Streptococcus), 341 
micio-apoikia enteritis (Streptococcus), 
341 

]\Iicrol)acteriuni, 0, 340, 370 , 371 
microbulyricum (Bacto lum), 500 
Micrococcus, 13, 14, 15, 17, 19, 21, 25, 27, 
20, 31, 33, 42, 179, 236 , 21'.), 260, 265, 
276, 606, 1006, 1121 
MtcwioleuSy '003 
miciodcniium (Spirochacta), 1075 
microdentiinn (Trcponcmia), 1071 , 1075 
Miewdct ma, 76 

microjla va (Micromon ospoi a), 950 
tnicrojlavus (Actinomyces), 050, 076 
microflavus (Strcptoinycos), 960 
miciogynilu (Spitochacta), 1074 
microgyuila (Spironema), 1074 
microyyrata (Spiroschaudinnia), 1074 
microgyrata var. gaylordi (Spirochacta), 
1068 

microyyrata var. gaylordi (Spironema), 
1068 

microyyrata gaylordi (Spitochacta), 1068 
micioyyiatum (Treponema), 1074 
Microinonospora, 875, 978 
Micromyces, 025, 1291 
micioparva (Actinomyces), 076 
microparva (Xocardia), 076 
micropunctata (Nitrocystis), 76 
miciopunctata (Xitrogloea), 75 
micros (Streptococcus), 330 , 331 
Microsphaera, 235 

Microspira, 7, 12,16, 10, 28,192,1122 
Microspironema, 1071 
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Microaporum, 916 

microsporum (Bacterium)^ 682 

microti (Grahamella) ^ 1110 

microti (Haemobartonella), 1104 

microti pennsylvanici (Grahamclla), 1110 

microtis (Bacillus) y 

microtis (Bacterium) y 682 

middletownii (Achromobacter ), '425 

middletownii (Bacterium) y 425 

MigulanuMy 13, 705 

mikawasima (Salmonella) y 511 

mildenberKii (Pseudomonas), 98, 146 

Miletensis (streptococcus) y 560 

milii (Bacillus) y 749 

milleri (Microspira) y 202 

milleri (Spirillum ), 202 

milleri (Vibrio)y 202 

miUerianus (Bacillus), 672 

milletiae (Bacillus)y 465 

milletiae (Erwiniaj, 466 

miltinum {Corynebactenmn), 404 

Mimxiy 595 

mina (Cristispira) y 1056 
mineacea (Streptothrix) y 917 
mineaceus (Actinomyces)y 917 
niinei (Spirochaeta), 1070 
minei (Treponema), 1070 
miniacea (Serraiia)y 48*1 
miniaceus (Bacillus), 484 
miniaceus (Erythrobacillus), 

^ minima (Bcggiatoa), 993 
minima (Laulerborniola), 859 
minima (Nocardia), 902 
minima (Spirochaeta), 105^1 
minima (Thwcapsa), 845 
minima (Thioploca), 994 
minimum (Microsporum)y^l^ 
minimum (Rhizobium), 226 
minimum (Treponema) y 1054 
minimum (Trichophyton), 916 
minimus (Actinomyces) ,^1% 
minimus (Bacillus^, 663 
minimus (Micrococcus), 267, 268, 303 
minimus (Phagus), 1131 
minimus (Proactinornyces), 902 
minimus (Staphylococcus), 303 
Minnesota (Salmonella ), 529 


minor (Bacillus), 858 
minor (Beggiatoa), 993 
minor (Chondromyces), 1039 
minor (Clostridium), 819 
minor (Gallionella), 832 
minor (Hydrogenomonas), 78 
minor (Naumanniella), 834 
minor (Phagus), 1131 
minor [Rhabdomonas), 854 
minor (Rhodococqus), 865 
minor (Rhodorrhagus), 865 
minor (Rhodosphaera), 865 
minor (Siderocystis), 835 
minor (Siderothece), 835 
minor (Spirillum), 215 
minor (Spironema), 215 
minor (Treponema), 215 
minus (Bacterium), 858 
minus (Chromatium), 856,857,868,859 
minus (Polyangium), 1027 
minus (Rhahdochroinatium)y 854 
minus (Spirillum), 216 
minus (Thiodictyon)y 845 
minus (Thiovulum), 1000 
minus var. muris (Spirillum), 215 
minus var. morsus muris (Spirillum), 215 
minuscula (Cellulomonas), 105 
minusoula (Pseudomonas), 106 
minula (Sarcina), 292 
minuia (Spiroschaudinnia), 1076 
minutaferula (Bacterium), 606 
minulissima (Eherthella), 607 
minutissima (Microderma), 76 
minulissima (Nocardia), 919 
minutissima (Oospora), 919 
minulissima (Pseudomonas), 148, 699 
minulissima (Shigella), 607 
minutissima (Thiothrix), 990 
minutissimuin (Bacterium), 580, 607, 859 
minutissimum (Chromatium), 868 
minutissimum (Microsporon), 919 
minutissimum (Sporolrichum), '919 
minutissimus (Actinomyces), 919 
minutissimus (Bacillus), 663 , 858 
minutissimus (Discomyces), 919 
minutissimus (Micrococcus), 268, 304 
minutissimus (Microsporoides), 919 
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yninuiissimus gazogenes {Cocco-bacillus), 
580 

minutisshnus spuii (Bacillus), 590 

jninutissimus sputi (Bacterium), 590 

minutula (Melosira), 831 

minutum (Bacterium), 682 

minutum (Eubacterium), 368 

minutum (Spirochaeta), 1072, 1075 

minutum (Treponema), 1072, 1075, 1076 

minutus (Bacillus), G82 

minutus (Bacteroides), 368 

miquelii (Bacterium), 757 

miquelii (Serratia), 481 

miquelii (Urobacillus), 691 

mira (Cellulomonas), 106 

mira (Pseudomonas), 106 

mirabile (Bacterium), 488 

mirabik (Chloronium), 873, 874 

mirabilis (Bacillus), 488, 666 

mirabilis (Bcggiatoa), 990, 991, 992, 995 

mirabilis (Hillhousia), 998, 999 

mirabilis (Nanus), 1207 

mirabilis (Proteus), 487 , 488, 490, 491 

mirabilis (Sarcina), 292 

mirabilis (Streptococcus), 341 

mirifica (Palmella), 268 

mirificus (Micrococcus), 268 

misri (Cohnistrepothrix), 918, 975 

mississippi (Salmonella) , 527 

mite (Marmor), 1182 

mite (Treponema), 1071 

mitelmani (Clostridium), 820 

miiidus (Bacillus), 663 

mitificans (Aerobacter), 457 

miiior (Streptococcus), 321 

mitior seu viridans (Streptococcus), 321 

mitis (Spirosckaudinnia), 1071 

mitis (Streptococcus), 821, 338 

mitis seu viridans (Streptococcus), 321 

mitochondrialis (Bacillus), 749 

mixta (Thioploca), 994 

mixtus (Streptococcus), 341 

Miyagawanella, 1115 

mobile (Acetobacter), 692 

mobile (Achromatium), 997, 1001 

mobik (Achromobacter), 106 

mobik (Spirillum), 204 


GENERA AND SPECIES 

mobik (Termobactcrium), 106 
inobilis (Macromonas), 1001 
mobilis (Micrococcus), 293 
mobilis (Planosarcina), 293 
mobilis (Pseudomonas), 106, 148 
mobilis (Sarcina), 291, 293 
mobilissimus (Bacillus), 663 
Modderula, 997 
modestus (Bacillus), 749, 760 
modiolae (Cristispira), 1056 
modiolae (Spirochaeta), 1056 
ynoelleri (Mycobacterium), 889 
Mogallia, 13, 306 
moliniformis (Bacillus), 667 
molischii (Chromatium), 858 , 859 
molischii (Pseudomonas), 856 , 858 
Molitor, 1241 
mollis (Aurococcus), 268 
mollis (Bacillus), 663 
mollis (Merismopedia), 268 
tnollis (Micrococcus), 268, 271 
mollis (Staphylococcus), 268 
monackae (Bacillus), 682, 749 
monachae (Bacterium), 682, 749 
monadtformis (Bacterium), 699 
monadiformis (Pseudomonas), 148, 698 
Monas, 5, 6 

moniliforme (Cillobacterium), 369 
moniliformis (Bacillus), 369, 667 
moniliformis (Streptobacilllus), 588 , 972, 
1109, 1294, 1295 

monocclla (Nitrosomonas), 69, 70 
Monococcus, 235 
Monocystia, 14, 1034 
monocytogenes (Bacillus), 408 
monocytogenes (Bacterium), 408 
monocytogenes (Brucella), 695 
monocytogenes (Listerella) , 408, 409 
monocytogenes (Listeria), 408 , 409, 695 
monocytogenes hominis (Listerella), 408 
monoica (Siderocapsa), 834 
monospora (Nocardia), 980 
monospora (Spirillum), 217 
monosporus (Actinomyces), 980 
monshaui (Salmonetla), 531 
monstrosum (Bacterium), 760 
montanus (Bacillus), 749 
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mantemartinii (Bacterium) ^ 640 
montevideo (Salmonella) ^ 510 
moormani (Proactinomyces) ^ 923 
mooeeri (Rickettsia) ^ 1085, 1086 
Morator, 1227 

moraxaxenfeld (Diplobacillus) ^ 590 
Moraxolla, 690, 592 
morhi brightii (Strepptococcus), 338 
morbificans (Bacillus), 514 
morbificans (Flavobacterium), 514 
morbificans (Salmonella), 497,614 
morbificans bovis (Bacillus), 514 
morbificans bovis (Bacterium), 514 
morbilli (Streptococcus), 341 
morbillorum (Briareus), 1234 
morbillorum (Diplococcus), 310 
morbilhsus (Micrococcus), Mi 
morbillosus (Streptococcus), 341 
Morganella, 488 
morgani (Bacillus), 488 
margani (Bacterium), 488 
morgani (Escherichia), 488 
morgani (Salmonella), 488 
morganii (Morganella), 488 
morganii (Proteus), 488, 491 
mori (Bacillus), 135 
mori (Bacterium), 135 
mori (Phytomonas), 135 
mori (Pseudomonas), 135 
moricolor (Micrococcus), 696 
moroi (Acidobacterium), 361 
moroi (Plocamobacterium), 361 
morrhuae (Sarcina), 288 
morrhuae (Micrococcus) (Diplococcus), 
268 

mors-prunorurn (Bacterium), 123 
mors-prunorum (Phytomonas), 123 
mors-prunorum (Pseudomonas), 123 
Morsus, 1163 

morsusmuris (Spirella), 215 
morsus muris (Spirochaeta), 215 
morsusmuris (Spiroschaudinnia), 215 
morsus muris (Treponema), 215 
mortiferus (Bacillus), 579 
mortijerus (Spherophorus), 579 
morula (Polyangium), 1027, 1031 
morulans (Bacillus), 663 


moscow (Salmonella), 518 
moscowaensis (Salmonella), 518 
motorium (Aerobacter), 457 
mottei (Bacillus), 663 
moulei (Bacillus) ,749 
mucidolens (Pseudomonas), 148 
mucidolens var. tarda (Pseudomonas), 148 
mucidus (Achromobacter), 425 
mucilagineus (Micrococcus) f 258 
mucilaginosus (Bacillus), 749 
mucilaginosus (Micrococcus), 268 
mucilaginosus koeleriae (Bacillus), 394 
mucilaginosus koeleriae (Pseudomonas), 
394 

mucofaciens (Micrococcus), 268, 695 
mucosa (Cellfalcicula), 211 
mucosa (Neisseria), 299, 301 
mucosa (Sarcina), 293 
mucosa (Spirochaeta), 1072 
mucosum (Bacterium), 577, 749, 788 
mucosum (Clostridium), 788, 820 
mucosum (Treponema), 1072 
mucosum anaerobicum (Coccobacterium), 
577 

mucosum capsulatum (Bacterium), 459 
mucosus (Actinomyces), 916 
mucosus (Bacillus), 749, 788 
mucosus (Capsularis), 577 
mucosus (Cellulobactllus), 762 
mucosus (Diplococcus), 301, 308 
mucosus (Endosporus), 788 
mucosus (Mycococcus), 891 
mucosus (Pneumococcus), 301,308 
mwosus (Streptococcus), 301, 308, 1139 
mucosus anaerobius (Bacillus), 577 
mucosus capsulatus (Bacillus), 458, 66^1 
mucosus capsulatus (Streptococcus), 308 
mucosus ozaenae (Bacillus), 459 
mucosus ozaena (Bacterium), 459 
mucronatus (Bacillus), 749 
muelleri (Caryophanon), 1004 
muelleri (SimorisieUa), 1004 
muenchen (Salmonella), 513 
muenster (Salmonella), 523 
mulieris (Vibrio), 205 
muUeri (Achromatium), 1000 
millleri (Drepanospira), 1122 
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mtdleri (Monas) ^ 1000 
mulleri (Thiovulum)^ 1000 
Multifermentans, 11, 763 
multifermentans (Clostridium), 772 
multifermentans tenalbus (Bacillus), 772 
multiforme (Cillohacterium), 369, 790, 
815 

multiforme psittacosis (Microbacterium)^ 
1116 

multiformiis (Heterocystia) ^ 13 
multiformis (Bacillus), 369, 663, 790, 
815, 826 

multiformis (Bacteroidea), 22 
multiformis (Bacteroides), 790, 815 
multiformis (Haverhillia), 588, 972 
multiformis trichorrhexidis (Bacillus), 
688 

multipediculum (Bacterium), 682 
multipediculus (Bacillus), 682 
multipediculus flavus (Bacillus), 685 
749 

multistriata (Pseudomonas), 101, 699 
multistriatum (Achromobacier), 101 
muliistriatus (Bacillus), 101 
multistriatus (Bacterium), 699 
multivolatigenum (Lactohacterium), 36£ 
multocida (Pasteurella), 646, 549 
muUocidum (Bacterium), 646, 547 
muralis (Bacillus), 749 
muricida (Pasteurella), 648 
muricola (Rickettsia), 1086 
murina (Rickettsia), 1086 
murinus (Bacillus), 411, 663 
muripestifer (Bacillus), 682 
muripestifer (Bacterium), 682 
muris (Actinomyces), 588, 972, 1109 
muris (Asterococcus), 588 
muris (Bacillus), 402 
muris (Bacterium), 401 
muris (Bartonella), 1103 
muris (Borrelia), 215 
muris (Fusiformis), 583 
muris (Grahamella), 1110 
muris (Haemobartonella), 1103, 1104, 
1105,1106,1107,1108 
muris (Hemophilus), 589 
muris (Legio), 1261 


muris (Mycobacterium), 890 
muris (Nocardia), 924 
muris (Spirella), 215 
muris (Spirochaeta), 215 
muris (Spironema), 215 
muris (Treponema), 215 
muris (Treponemella), 215 
muris musculi iberica (Grahamella), 1110 
muris musculi var. albinoi (Bartonella), 
1108 

mwm musculi var. albinoi (Haemobar* 
tonella), 1108 

muris ratti (Actinomyces), 588, 924, 972 
muris ratti (Bartonella), 1103 
muris-ratti (Streptothrix), 924, 972 
muris var. galatziana (Spirochaeta), 216 
muris var. virginiana (Spirochaeta), 215 
muris var. virginiana (Spironema), 216 
muriseptica (Erysipelothrix), 411, 548 
muriseptica (Pasteurella), 411, 548 
murisepticum (Bacterium), 411 
murisepticum (Corynebacterium), 390 
murisepticum (Mycobacterium), 411 
murisepticus (Bacillus), 411, 548, 665 
murisepticus (Streptococcus), 341 
murisepticus pleomorphus (Bacillus), 490, 
665 

murisepticus pleomorphus (Bacterium), 
665 

murium (Bacillus), 502 
murium (Corynebacterium), 390 
murmanensis (Microspira), 202 
musae (Bacillus), 137 
musae (Bacterium?), 613 
musae (Phytomonas?), 613 
musae (Pseudomonas), 613 
musarum (Bacillus), 137 
muscae (Staphylococcus), 282, 1142 
muscoides (Bacillus), 815 
muscoides (Cornilia), 815 
muscoides colorabilis (Bacillus), 815 
muscoides non colorabilis (Bacillus), 815 
muscorum (Chondromyces), 1020 
muscorum (Stelangium), 1020 
musculi (Bacillus), 714 
musculi (Grahamella), 1110 
musculi (Oyromorpha), 1112 
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musc-natt 


musculorum (Actinomyces), 972 
musculorum suis (Actinomyces), 072 
musculorum suis (Oospora), 972 
mustelae (Bacillus), ^52 
mustelae seplicus (Bacillus), 445, 552 
mustelaecida (Bacillus), 552 
mustelaecida (Pasteurella), 552 
mutabile (Bacterium), 603 
mutabile (Rhizobium), 224 
mutabilis (Bacillus), 749 
mutans (Streptococcus), 342 
myceticus (Micrococcus), 268, 696 
Mycobacterium, 7, 17, 18, 19, 23, 27, 28, 
30, 35 , 38, 392, 407 , 863 , 875, 876, 887, 
891, 892, 903, 905 
Mycobacterium spp., 882,887 
My cococcus, 875, 891 
Mycoderma, 9, 179 
mycodermatus (Micrococcus), 268 
mycodermatus (Tetracoccus), 284 
Mycogallionella, 986 
mycogenes (Bacillus), 663 
mycogenum (Bacterium), 663 
mycoides (Asterococcus), 1259, 1291 
mycoides (Bacillus), 612, 718, 719, 742 
982, 1130,1138 
mycoides (Bacterium), 602 
mycoides corallinus (Bacillus), 644, 902 
mycoides peripneumoniae (Coccobacillis), 
1291 

mycoides roscum (Bacterium), 602 
mycoides roseum (Chromobacterium), 602 
mycoides rose us (Bacillus), 
mycoides-roseus (Erythrobacillus), 602 
mycoides var. ovoaethylicus (Bacillus), 
720 

Mycomonas, 8, 876 
Myconostoc, 6 
Mycoplana, 82, 191 
Mycoplasma, 1291 
Mycothrix, 983 
myricae (Actinomyces), 972 
mytih (Bacillus), 663 
Myxobacillus, 705 
Myxobacter, 1005, 1025 
Myxobotyrs, 1036 

myxococcoides (Cytophaga), 1049 


myxococcoides (Sporocytophaga), 1049 
Myxococcus, 14, 17, 20, 24, 25, 312, 1007, 
1009, 1040. 1041, 1044, 1017, 1049 
myxodens (Bacillus), 749 
rnyxogenes (Cellulobacillus), 762 
myxogenes (Clostridium), 820 
rnyxogenes (Pseudomonas), 93 
myxQmae (Molitor), 1246 

nacreaceum (Bacterium), 682 
nacreaceus (Bacillus), 682 
nacreaceus (Micrococcus), 268 
nadsonii (Proteus), 491 
naganoi (Sarcina), 293 
naganophila (Spirochaeta), 1068 
nakaiae (Phyiomonas), 164 
nakatae (Xanthomonas), 164» 1136 
nakatae type B (Bacterium), 164 
nana (Saprospira), 1055 
nanukayami (Spirochaeta), 1077 
Nanus, 1206 

nanus (Bacillus), 718, 815 
naphthalinicus (Bacterium), 682 
naphthalinicus liquefaciens (Bacillus), 
663 

naphthalinicus nondiquefaciens (Bacit - 
lus), 663 

napi (Savoia), 1221 
napi (Vibrio), 205 
napoli (Salmonella), 522 
narashino (Salmonella), 514 
nasale (Spirillum), 203 
nasale (Spirosoma), 203 
nasalis (Bacterium), 459 
nasalis (Micrococcus), 342 
nasalis (Planococcus), 342 
nasalis (Streptococcus), 342 
nasalis (Vibrio), 203 
nasicola (Spirillum), 203 
natans (Bacillus), 718 
natans (Cladothrix), 982 
natans (Cryptococcus), 258 
natans (Sphaerotilis), 982 
natans var. cladothrix (Sphaerotilus), 
982 

nathansonii (Thiobacterium), 81 
natto (Bacillus), 710 
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Naumanniella, 834 
navicida i^Amylohcxter)^ 771 
navicula {BacilluB)^ 771 
navictda (Bacterium), 771, 824 
riaviculum (Clostridium), 771 
naviformis (Bacillus), 576, 723' 
navijormis (Ristella), 576 
n*dianka (Vibrio), 205 
neapolitana (Escherichia), 447 
neapolitanus (Bacillus), 447 
neapolitanus (Bacterium), 447 
nebulosa (Pseudomonas), 101, 699 
nebulosum (Achromohacter), 101 
nebulosus (Bacillus), 101, 580, 663, 749, 
815 

nebulosus (Bacterium), 699 
nebulosus (Cryptococcus), 258 
nebulosus (Protococcus), 258 
nebulosus gazogenes (Bacillus), 749 
necans (Bacillus), 663 
necrodentalis (Bacillus), 361, 362 
necrogenes (Bacillus), 579 
necrogenes (Spherophorus), 579 
neerophora (Pasteurella), 554 
necrophora (Streptothrix), 578, 977 
necrophorum (Bacterium), 578 
necrophorum (Corynebacterium), 578 
neerophorus (Actinomyces), 578 
necrophorus (Bacillus), 578 
neerophorus (Fusi/ormis), 578, 583 
necrophorus (Spherophorus), 578, 580, 
583,928 

necrosans (Clostridium), 820 
necroseos (Bacillus), 578 
necroseos (Streptococcus), 342 
necroticans (Micrococcobacillus), 690 
necroticus (Bacillus), 579 
necroticus (Spherophorus), 579 
necroticus (Streptococcus), 342 
nectarophila (Bacterium), 134 
nectarophila (Phytomonas), 134 
nectarophila (Pseudomonas), 184 
neddini (Actinomyces),91^ 
negombensis (Bacillus), 544 
negombensis (Shigella), 544 
neigeux (Bacille), 777 
neisseri (Padnia), 386 


Neisseria, 19, 21, 26, 27, 29, 31, 33, 286 
nelliae (Bacillus), 478 
nelliae (Erwinia), 478 
nenckii (Achromobacter), 624 
nenckii (Bacterium), 624 
neocistes (Vibrio), 199 
neoformans (Micrococcus), 268 
neotropicalis (Borrelia), 1068 
neotropicalis (Spirochaeta), 1064 
neotropicalis (Treponema), 1064 
nephriticus (Bacillus), 663 
nephritidis (Bacterium), 553, 760, 761 
nephritidis equi (Bacillus), b4Q 
nephritidis instertitialis (Bacillus), 760 
neptunium (Flavobacterium), 482 
neritxca (Pseudomonas), 699 
nerviclarens (Marmor), 1198 
neschezadimenki (Actinomyces), 928 
neschezadimenki (Cohnistreptothrix), 928 
neumanni (Bacillus), 681, 749 
neurolyticus (Musculomyces), 1293 
neurotomae (Bacillus), 663 
neurotomae (Bacterium), 663 
neurotomae (Micrococcus), 268 
neustonica (Naumanniella), 834 
neuvillei (Micrococcus), 268 
neveuxi (Spirochaeta), 1059 
neveuxi (Spironema), 1059 
neveuxi (Treponema), 1059 
neveuxii (Spiroschaudinnia), 1059 
Nevskia, 7, 35, 829 
new brunswick (Salmonella), 525 
newingion (Salmonella), 524 
newport (Salmonella), 573 
newportensis (Salmonella), 513 
newport 'var, kottbus (Salmonella), 513 
Newskia, 7, 12, 14 
new york (Salmonella), 522 
nexibilis (Bacillus), 148 
nexibilis (Bacterium), 699 
nexibilis (Pseudomonas), 148, 699 
nexifer (Micrococcus), 696 
nicolaieri (Bacterium), 682 
nicolaieri (Padnia)„79S 
Nicollaierillus, 11, 763 
nicollei (Actinomyces), 921 
nicollei (Bartonella), 1108 
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nico-noca 


nicollei (Haemobartonella), 1108 
nicollei (Nocardia), 921 
nicollei (Spirochaeia) ^ 1059 
nicollei (Spironema), 1059 
nicollei (Treponema), 1059 
nicomosaicum (Pkyiovirus), 1164 
nicoiianae (Bacillus), 137 
nicotianae (Erwinia), 137 
nicotianae-iabaci (Phytomonas), 639 
nicotianum (Bacterium), 682 
mcotinobacter (Bacterium), 682 
nicioinophagum (Bacterium), 682 
nictoinovorum (Bacterium), 613 
niger (Actinomyces),9^9 
niger (Bacillus), 711 
niger (Micrococcus), 247 
nigra (Nocardia), 921 
nigra (Streptothrix), 921, 934, 969, 
nigrescens (Bacillus), 749 
nigrescens (Micrococcus), 268 
nigrescens (Nigrococcus), 268 
nigrescens (Sorangium), 1024 
nigricans (Actinomyces), 972 
nigricans (Bacillus), 749 
nigrifaciens (Pseudomonas), 109 
nigrificans (Actinomyces), 972 
nigrificans (Bacillus), 711 
nigrificans (Clostridium), 802 
nigrificans (Oospora), 972 
Nigrococcus, 10 

nigrofacxens (Micrococcus), 268 
nigromaculans (Bacterium), 168 
nigromaculans (Phytomonas), 168 
nigromaculans (Xaiithomoiias), 168 
nigrum (Catenabacterium), 368 
nigrum (Sorangium), 1024 
nigrum (Spirillum), 217 
nijibetsui (Achromobacier), 425, 692 
nili (Erro), 1251 
niloese (Salmonella), 525 
nimipressuralis (Erwinia), 472 
ninas kohl-yakomovi (Grahamelln), 1110 
niosii (Bacteraides}, 367 
niosii (Euhacterium), 367 
nipponica (Rickettsia), 1091 
nipponica (Ricketlsoides), 1091 
nitens (Bacillus), 663 


nitens (Bacterium), 682 
nitidus (Arthromitus), 1003 
nitidus (Bacillus), 749 
nitidus (Micrococcus), 269 
nitri (Bacillus), 749 
nitrificans (Achromobacter), 76 
nitrijicans (Bacillus), 76 
nitrificans (Bacterium), 76 
nitrificans (Micrococcus), 269 
Nitrobacter, 9, 17, 20, 26, 29 , 31, 74, 
837 

nitrobacter (Bacillus), 74 
nitrobacter (Bacterium), 74 
nitrobacter (Nitrobacterium), 74 
Nitrobacterium, 74 
Nitrocystis, 75 
nitrogenes (Actinomyces), 972 
nitrogenes {Bacillus), 426 
Nitrogloea, 75 
Nitromonas, 8, 9, 70, 74 
Nitrosococcus, 29, 31, 71 
Nitrosocystis, 72, 73 
Nitrosogloea, 73 

Xitrosomonas, 17 , 20, 25, 29, 31, 70, 71, 
72, 73 

nitrosomonas (Bacterium), 70 

Nitrosospira, 69, 71, 72 

mtrosus (Micrococcus), 71 

nitrosus (Nitrosococcus), 69, 71 

nitrovorum (Achromobacter), 425 

nitrovorum (Bacterium), 425 

nitroxus {Bacillus), 749 

nivalis (Micrococcus), 269 

nivalis (Pseudomonas), 14vS 

nivea (Actinomyces), 972 

nivea (Beggiatoa), 989 

nivea (Leptotnchia), 989 

nivea (Sarciua), 293 

nivea (Sijmphyothrix), 989 

nivea (Thiothrix), 989, 995 

nivea var. verhcillata (Thiothrix), 989 

niveus (Micrococcus), 269 

nivosurn (Bacterium), 777 

nobibs (Bacillus), 750 

nocardi (Bactenum), 895 

nocardi (Salmonella), 532 

nocardia (Streptococcus), 319 
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XucardiH, 9, 892 , 917, 929, 967, 974 
nocardii (ActinomycM), 895 
nocardii (Streptothrix), 895 
noctiluca (Sarcina), 637 
noctuarii (Escherichia) ^ 491 
noctuarum (Bacillus) ^ 491 
noctuarum (Proteus) ^ 491 
Nodofolium, 15, 17, 831 
nodosa (Leptospira), 1077 
nodosa (Spirochaeta), 1076 
nodosum (Bacterium), 404 
nodosum (Corynebacterium), 404 
nodosuT(n (Rhizohium) , 225 
nodosum (Treponema), 1077 
nodosus (Actinomyces), 583, 917, 1074 
nodosus (Fusiformis), 583, 917 
nodosus parvus (Bacillus), 404 
noelleri (Spirochaeta), 1068 
Noguchia, 592 

noguchii (Eperthyrozoon), 1101, 1113 
noguchii (Spirochaeta), 1068 
noguchii (Treponema), 1068 
nomae (Bacillus), 682 
nomas (Bacterium), 682 
nomae (Streptococcus), 342 
nondiastaticus (Actinomyces), 972 
nondiastaticus (Bacillus), 733, 734 
nonfermentans (Bacillus), 787, 826 
nonfermentans (Micrococcus), 269 
non-hemolyticus I, II and III (Strepto¬ 
coccus), 342 

nonliquefaciens (Amylobacter), 771, 824 
non-liquefaciens (Cladothrix), 983 
non liquefaciens (Clostridium), 819 
non liquefaciens (Morazella), 592 
non-liquefaciens (Pseudomonas), 98 
nonpentosus (Bacillus), 772, 824 
non pyogenes (Staphylococcus), 282 
nonum (Plectridium), 793, 826 
nordhafen (Vibrio), 196 
normandi (Spirochaeta), 1068 
normandi var. carthaginensis (Spiro¬ 
chaeta), 1068 

nosocomiale (Treponema), 1068 
nosocomialis (Spirochaeta), 1068 
nothnageli (Clostridium), 821 
notuB (Vibrio), 703 


novacaesareae (Streptomyces), 961 
novellus (Thiobaoillus), 79 
Novillus, 11, 763 
novum (Plectridium), 750 
rmus (Bacillus), 750 
novyi (Bacillus), 777 
novyi (Borrelia), 1061 
novyi (Cacospira), 1061 
novyi (Clostridium), 777, 824 
novyi (Spirochaeta), 1061 
novyi (Spironema), 1061 
novyi (Spiroschaudinnia), 1061 
novyi (Treponema), 1061 
novyi Type A (Clostridium), 777 
novyi Type B (Clostridium), 778 
novyi Type C (Clostridium), 778 
nubile (Chromobacterium), 404 
nubilis (Micrococcus), 269 
nubilum (Bacterium), 404, 405 
nubilum (Corynebacterium), 404 
nubilum (Flavobacterium), 404 
nubilum var. nanum (Corynebacterium), 
405 

nuhilus (Bacillus), 404 
nucleatum (Fusobacterium), 582 
nucleatus (Fusiformis), 582 
nuclei (Micrococcus), 269 
nucleophagus (Coryococcus), 1121 
nucleophyllus (Bacillus), 639 
nyborg (Salmonella), 523 

oahu (Salmonella), 532 
obermeieri (Cacospira), 1059 
obermeieri (Spirillum), 1059 
obermeieri (Spirochaeta), 1059 
obermeieri (Spironema), 1059 
obermeieri (Spiroschaudinnia), 1059 
obermeieri (Treponema), 1059 
oblongum (Bacterium), 682 
oblongus (Bacillus), 682, 750 
oblongus (Micrococcus), Q82 
obscoenus (Micrococcus), 269 
obscura (Pseudomonas), 699 
obsti (Evbacterium), 367 
obtusa (Holospora), 1122 
obtusa (Spirochaeta), 1068 
obtusa (Spiroschaudinnia), 1068 
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obtusum (Treponema), 1068 
oceanica (Peeudamonae), 699 
ocello cuneatum (Bacterium), 776 
ochracea (Beggiatoa), 984 
ochracea (Chlamydothrix), 984 
ochracea (Lampropedia), 844 
ochracea (Leptothrix), 984, 985, 986 
ochracea (Lyngbya), 984 
ochracea (Melo8ira),S^l 
ochracea (Merismopedia), 844 
ochracea (Pseudomonas), 176, 699 
ochraceum (Bacterium), 761 
ochraceum (Chromohacterium), 176 
ochraceum (Flavohacterium), 175 
ochraceum (Polyangium), 1030 
ochraceiLS (Actinomyces), 972 
ochraceus (Bacillus), 175 
ochraceus (Bacterium),^ 
ochraceus (Cellvibrio), 210 
ochraceus (Micrococcus), 269 
Ochrobium, 835 

ochroleuca (Pseudomonas), 148 
ochroleucus (Actinomyces), 972 
ochroleucus (Bacillus), 663 
ochroleucus (Micrococcus), 269 
ochroleucus (Planococcus), 269 
ochroleucus (Streptococcus), 269 
Octopsis, 546 

oculogenitale (Chlamydozoon), 1116 
octdorum (Leptothrix), 970 
odontolyticus (Bacillus), 363 
odontolyticus (Lactobacillus), 363 
odontolyticus (Streptococcus), 342 
odorans (Proteus), 491 
odoratum (Bacterium), 664, 739 
odoratus (Bacillus), 663, 664, 739 
odoratus (Micrococcus), 269 
odorifer (Actinomyces), 974 
odorifera (Actinomyces), 972 
odorifera (Cladothrix), 934, 974 
odorifera (Nocardia), 974 
odorifera (Oospora), 974 
odorifera (Streptothrix), 974 
odorificans (Bacillus), 664 
odorificus (Bacillus), 664 
odorus (Bacillus), 6M 
odorus (Micrococcus), 269 


oedematiens (Ba4sillus), 777, 826 
oedematiens (Clostridium), 777 
oedematiens (Eberthella), ^ 
oedematis (Bacillus), 775, 782, 815 
oedemaiis aerohicus (Bacillus), 660 
oedematis benigni (Clostridium), 818 
oedematis maligni (Bacillus), 775,782,815 
oedematis-maligni (Clostridium), 775, 782 
oedematis maligni No, II (Bacillus), 
777 

oedemaiis sporogenes (Bacillus), 787, 826 
oedematis ihermophilus (Bacillus), 777 
oedemaiis ihermophilus (Bacterium), 777 
oedematogenes (Bacillus), 818 
oedemaioides (Clostridium), 787, 826 
oehensis (Bacillus), 750 
ogatae (Bacterium), 682 
oidieformis (Streptothrix), 977 
okeanokoites (Flavobacterium), 429 
okenii (Bacillus), 857 
okenii (Bacterium), 857 
okenii (Chromatium), 852, 854, 856, 867 
okenii (Monas), 857 
okenii (Pseudomonas), 857 
oleae (Bacillus), 132, 750 
oleae (Bacterium), 132 
oleae tuberculosis (Bacillus), 132 
oleracea (Erwinia), 470 
oleraceus (Bacillus), 470 
olearius (Micrococcus), 269 
olens (Micrococcus), 269 
olens, (Sarcina), 293 
oleovorans (Pseudomonas), 96 
olfactorius (BaciUus), 718 
oligoacidificans (Lactobacterium), 363 
oligocarbophila (Carboxydomonas), 972 
oligocarbophilus (Actinomyces), 972 
oligocarbophilus (Bacillus), 972 
oligocarbophilus (Proactinomyces), 923, 
972 

oligotrophum (Nirobacter), 76 
olivaceus (Actinomyces), 950 
olivaceus (Streptomyces), 960 
olivae (Bacterium), 761 
olivochromogenes (Actinomyces), 941 
olivochromogenus (Streptomyces), 941 
omelianskii (Bacillus), 750, 809 
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omelianskii (Clostridium)» 808, 809 
omelianskii (Methanobacterium), 645, 
846 , 795, 820 
OmeliansktlluSj 11, 763 
omnivorus {Bacillus), 470 
onarimon {Sahnonella), 519 
oncidii {Bacillus), 640 
oncidii {Bacteriumf), 640 
oncidii {Phytamoiias^), 640 
onderstepoort {Salmonella), 528 
oniarioni {Bacillus), 750 
ontarioni {Bacterium), 750, 759 
oogenes {Bacillus), 750 
oogenes fluorescens a {Bacillus), 150 
oogenes fluorescens /3 {Bacillus), 147 
oogenes fluorescens y {Bacillus), 149 
oogenes fluorescens S {Bacillus), 149 
oogenes fluorescens < {Bacillus), 149 
oogenes hydrosulfureus a {Bacillus), 750 
oogenes hydrosulfureus {Bacillus), 147 
oogenes hydrosulfureus y {Bacillus), 672 
oogenes hydrosulfureus 6 {Bacillus), 148, 
663 

oogenes hydrosulfureus c {Bacillus), 663 
oogenes hydrosulfureus t {Bacillus), 663 
oogenes hydrosulfureus k {Bacillus), 654 
oogenes hydrosulfureus v {Bacillus), 653 
oogenes hydrosulfureus s {Bacillus), 
659 

oogenes (Pseudomonas), 148 
oonergasius {Bacillus), 664 
opaca (Nocardia), 897 
opacum {Mycob<icterium), 897 
opacum {Nilrobacier), 76 
opacus {Bacillus), 750 
opacus (Proactinomyces), 897, 808 
opacus (Streptococcus), 342 
opalanitza (Leuconostoc), 346 
opalesce ns (Micrococcus), 252, 270 
Ophidomonas, 6, 850 
Ophiocystia, 14^1017 
opossum (Bartonella), 1108 
opossum (Haemobartonella), 1108 
opportunus (Streptococcus), 342 
orae (Annulus), 1155, 1212, 12X3 
orae (Bacillus), 750 
orae (Tractus), 1213 
orangea (Sarcina), 293 


orangica (Nocardia), 976 
orangica (Sireptothrix), 976 
orangico-niger (Actinomyces), 972 
orangicus {Actinomyces), 972 
orangium {Chromobacterium), 694 
oranienburg (Salmonella), 510 
oranienburgensis (Salmonella), 510 
orbicularis (Micrococcus), 270 
orbicularis flavus (Micrococcus), 270 
orbiculata (Neisseria), 300 
orbiculaius (Micrococcus), 270 
orbiculus (Diplococcus), 300 
orchiticum (Bacterium), 682 
orchUicus (Bacillus), 683 
orchitidis (Flavobacierium), 556 
Oregon (Salmonella), 513 
orenburgii (Bacillus), 362 
orientate (Bacillus), 362 
orientalis (Dermaceniroxenus), 1090 
orientalis (Nanus), 1206 
orientalis (Rickettsia), 1089, lOiH) 
orientalis (Salmonella), 528 
orientalis var. schuffneri (Rickettsia), 
1090 

orientum (Propionibacterium), 379 
orion (Salmonella), 524 
orloanense (Bacterium), 187, 693 
orleanensis (UIvina), 693 
ornithopi (Bacillus), 224 
ornithosis (Miyagawanella), 1117, 1118, 
1119 

Orpheus (Bacillus), 724 
orthobutylicus (Bacillus), 771, 824 
orthodonta (Spirochaeta), 1075 
orthodontum (Treponema), 1075 
oryzae (Bacterium), 168 
oryzae (Fractilinea), 1160 
oryzae (Marmor), 1160 
oryzae (Phytornonas), 168 
oryzae (Pseudomonas), 168 
oryzae (Xanthomonas), 168 
Oscillatoria, 988, 991, 1007 
Oscillospira, 1004 
Oslo (Salmonella), 511 
osteomyeliticus (Bacillus), 664 
osteomyelitus bubalorum (Bacillus), 
778 

osteophilum (Bacterium), 683 
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oalreae {Criatiapira), 1056 
oatreae (Spirillum), 217 
oalreae (Spirochaeta), 1056 
oatrei (Bacillua), 532 
oatrei (Salmonella), 532 
otitidia aporogenes puirificua (Bacillus), 
815 

otricolare (Bacillua), 815 
oiricolare (Kndosporua), 815 
oitolenghii (Bacillua), 803 
oilolenghii (Clostridium), 803 
oitolenghii (Endosporus), 804 
ovalare (Clostridium), 796 
ovalaria (Plectridium), 796 
ovale (Bacterium), 441, 683 
ovale (Flavobacterium), 441 
ovale (Saccharobacterium), 623 
ovalia (Bacillus), 97 , 441, 683 
ovalis (Bacterium), 441 
ovalia (Micrococcus), 270, 325, 326 
ovalia (Pseudomonas), 97, 699 
ovalia (Streptococcus), 325 
ovalisporus (Myxococcus), 1043, 1044 
(yvata (Paateurella), 572 
ovatum (Bacterium), 683 
ovatum (Panhiatophyton), 254 
ovatus (Bacteroides), 572, 577 
ovalus (Micrococcus), 25'4 
ovatus minutissimus (Bacillus), 683 
ovatus minutiaaimus (Bacienum), 
683 

ovi (Pseudomonas), 149 

ovicola (Pseudomonas), 149 

OVI forme (Bacterium), 353 

ovifomiis (Bacteroides), 353 

oviformis (Cocvobacillus), 35*3 

ovina (Ehrlichia), 1097 

ovina (Rickettsia), 1097 

ovina (Spirochaeta), 1068 

ovina (Spiroschaudinnia), 1068 

ovinum (Bacterium), 554 

ovinuwi (Treponema), 1068 

ovis (Corynebacterium), 62, 389, 694 

ovis (Eperythrozoon), 1112 

ovts (Hemophilus), 589 

ovis (Listerclla), 409 

ovis (Micrococcus), 2^7 

ovia (Spirillum), 1068 


ovis (Spirochaeta), 1068 
ovia (Spironema), 1068 
ovis (Streptococcus), 342 
ovis (Tortor), 1278 
ovis (Treponema), 1068 
ovisepiica (Paateurella), 554 
mntoxicus (Bacillus), 790 
ovitcrxicus (Clostridium), 700, 820 
oviloxicus (Welchia), 790 
(/voaethylicus (Bacillus), 720 
oxalaticus (Bacillus), 714, 750 
oxaliferum (Achromatium), 996, 997, 
998,999 

oxydans (Acetobacter), 184 
oxydans (Bacillus), 182, 184 
oxydans (Bacterium), 184 
oxygenea (Bncterhnn), 544 
oxygenes i Eberthella), 544 
oxygenes (Shigella), 544 
oxylacticus (Bacillus), 664 , 750 
oxylaclicus (Bacterium), 750 
oxyphila (Eberthella), 534 
oxyphilum (Bacterium), 534 
oxytocum (Aerobacter), 456 
oxytocum (Bacteriinn), 456 
oxytocus (Bacillus), 456 
oxytoens (Escherichia), 
oxytocus perniciosus (Bacillua), 456 
oxytocus perniciosus (Bacterium), 456 
ozaenae (Bacillus), 459, 658 
ozaenae (Bacterium), 459 
ozaenae (Klebsiella), 459 
ozenae (Encapsulata), 459 

pabuli (Bacillua), 750 
pahuli (Plocamobacterium), 693 
pabuli acidi JI (Bacillua), 356, 693 
pabuliacidi (Lactobacillus), 356 
pachelabrae (Cristispira), 1056 
pachyrhizi (Marmor), 1188 
Pacinia, 192, 349, 763 
paglianii (Bacillus), 656, 804 
paglianii (Clostridium), 804 
paglianii (Endosporus), 804 
paleopneumoniae (Diplococcus), 309 
pollens (Bacterium), 
pollens (Micrococcus), 270 
pollens (Streptococcus), 342 
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palUseena {BaciUuB), 664 
paUescens (Bacterium), 683 
palltecene (PseudomoTUu), 149, 699 
paUeum (Endoeoma), 869 
paUida (Spirochaeta), 1071 
paUida (Ulvina), 683 
paUida var. euniculi (Spirochaeta), 1073 
paUidior (Bacterium), 6^ 
pallidolimbatus (Marmor), 1107 
paUidtUa (Spirochaeta), 1071 
paUidtdum (Treponema), 1071 
pallidum (Bacterium), 6^ 
pallidum (Microepironema), 1071 
pallidum (Spiranema), 1071 
pallidum (Treponema), 1071, 1072, 1073 
pallidum var. euniculi (Treponema), 1073 
paUidue (Bacillue), 664, 760 
paUidue (Micrococcus), 270 
paUidue (Streptococcus), 342 
paUudoeum (Pleciridium), 727 
Palmula, 34, 763 
paludie (Badllue), 790, 826 
paludie (WelcMa), 790 
paludoea (Sarcina), 293 
paludoeum (Bacterium), 761 
palumbarium (Bacterium), 552 
palustrie (Bacillue), 760 
paluetrie (Hillhoueia), 998, 999 
palustrie (Rhodohadllus), 750, 863 
palustrie (Rhodomonas), 863 
palustrie (Rhodopseudomonas), 860,863, 
864, 865, 866 

palustrie var. gelalicus (Bacillus), 750 

pommelli (Bacillus), 745 

panacis (Pseudomonas), 130 

panama (Salmonella), 519 

panaxi (Bacterium), 130 

panaxi (Phytomonas), 130 

pandora (Bacillus), 720 

panginensis (Actinomyces), 921 

panginensis (Nocardia), 921 

paniH (Bacterium), 169 

panici (Phytomonas), 169 

panici (Pseudomoruis), 169 

panici (Xanthomona8),160 

panici-miliacei (Bacterium), 143 

panici-miliacei (Phytomonas), 143 


panici-miliacei (Pseudomonas), 148 
panificans (Bacillus), 664 
panis (Bacillus), 710, 711 
panis (Bacterium), 760 
panis (Lactobacillus), 358 
panis acidi (Lactobacillus), 363 
panis fermentedi (Bacillus), 358 
panja (Actinomyces), 966 
panjae (Streptomyces), 966 
pannosus (Bacillus), 6^ 
panYMSus (Micrococcus), 270 
pansinii (Bacillus), 664, 667 
pansinii (Bacterium), 718 
pansinii (Pseudomonas), 149 
pantotropha (Hydrogenomonas), 77 
pantotrophus (Bacillus), 77 
papavericola (Bacterium), 164 
papavericola (Phytomonas), 164 
papavericola (Xanthomonas), 164 
papaveris (Bacillus), 474 
papaveris (Erwinia), 474 
papayae (Bacillus), 478 
papayae (Erwinia), 478 
papillare (Bacterium), 683 
papillare (Photohacterium), 637 
papillaris (Microspira), 637 
pappulum (Paraplectrum), 816 
pappulus (Bacillus), 815 
papuarw, (Salmonella), 512 
papulans (Bacterium), 124 
papulans (Phytomonas), 124 
papulans (Pseudomonas), 124 
paraabortus (Brucella), 563 
para~aertrycke (Bacillus), 502 
paraalvei (Bacillus), 723 
paraamericanus (Proteus), 
para-asiatica (Salmonella), 532 
para-aSiaticus (Bacillus), 532 
parabifermentans (Clostridium), 796 
parabifermentans sporogenes (Bacillus), 

796 

parabifidus (Lactobacillus), 354 
parabotulinum (Clostridium), 778, 779, 

784 

parabotulinum equi (Clostridium), 770 
parabotulinum Types A and B (Clostrid» 

ium), 779, 784,798 
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parabotulinua {Bacillus) ^ 779, 780 
parahoiulinus hovis {Clostridium), 77 
parabuiyricus {Bacillus), 813, 816 
paracitrovorus {Streptococcus), 347 
para-coagulans {Bacillus), 532 
para-coagvlans {Salmonella), 532 
Paracloster, 7, 705 
paracoli {Bacterium), 460 
Paracolobactrum, 460, 461, 489 
para<olon {Bacillus), 460 
para-colon {Salmonella), 460 
paradiffluens {Bacillus), 491 
paradijjluens {Proteus), 491 
paradoxa {Escherichia), 453 
paradoxus {Bacillus), 683 
paradoxus {Bacterium), 683 
paradoxus {Colibacillus), 453 
paradysenteriae {Bacillus), 537, 538 
paradysenteriae {Bacterium), 537 
paradysenteriae {Eberlhclla), 537 
paradysenteriae (Shigella). 537, 538, 
539, 540, 543 

paradysenteriae Type Manchester {Shi¬ 
gella), 539 

paradysenteriae (Type Newcastle) (Shi» 
gella), 538 

paradysenteriae var. sonnei {Shigella), 
540 

paradysenteriae X {Bacillus), 536 
paraenlerica {Enteroides), 452 
paraenterica {Escherichia), 453 
paraentericus {Bacillus), 453 
paraexilis {Bacillus), 352 
paraffinac {Micrococcus), 270 
paraffmae (Nocardia), 901 
paraffinac (Proactinomyces), 901 
para-gruenthali {Bacillus), 
paragruenthali {Escherichia), 451 
paraguayensis {Proactinomyces), 923 
parainducnzac (Hemophilus), 585, 586 
paralacticus {Streptococcus), 324 
parallela {Aphanothece), 872 
parallela {Pediochloris), 872 
paralleluin (Pelodictyon), 872 
parallclus {Bacillus), 664 
paraluis {Spirochaeia), 1073 
paraluis-cuniculi {Spirochaeta), 1073 


GENERA AND SPECIES para-ptra 

paralytica {Klebsiella), 459 
paralyticans {Bacillus), 405 
paralyticans {Corynebacterium), 405 
paramecii {Mullerina), 1122 
paramelitensis {Brucella), 5G5 
paramelitensis {Micrococcus), 563 
paramorganii {Proteus), 491 
paraoxytocum {Aerobacter), 456 
para-pertussis {Bacillus), 5S7 
Paraplectrum, 7, 33, 763 
paraputrificum (Clostiidium), 793 
paraputrificum {Plectridium), 793 
paraputrificus {Bacillus), 793 
paraputrificua {Tissierillua), 793 
paraputrificus coli {Bacillus), 793 
parasarcophysematos {Bacillus), 775 
parasitica {Leptothrix), 366 
parasiticurn {Bacterium), 366 
parasiticum (Polyangium), 1082 
Paraspirillum, 9 
parasporogenes {Bacillus), 784 
parasporogenes (Clostridium), 784 
parasuis {Brucella), 5^ 
paratuberculosis (Mycobacterium), 881 
paratyphi {Bacillus), 501 
paratyphi {Bacterium), 501 
paratyphi (Salmonella), 495, 501 
paratyphi abortus ovis {Bacillus), 506 
paratyphi alcaligenes (Bacillus), 501 
paratyphi alvei {Bacillus), 532 
paratyphi A {Salmonella), 493, 501 
paratyphi B (Salmonella), 493, 501 
paratyphi C (Salmonella), 493, 507 
paratyphi Typus A (Bacterium), 501 
paratyphi, Typu'i B (Bacterium), 501 
paratyphosum .1 (Bacterium), 501 
paratyphosum B (Bacterium), 501 
paratyphosus (Bacillus), 501 
paratyphosus .1 (Bacillus), 501 
paratyphosus B (Bacillus), 501, 509 
paratyphosus (Bacillus), 507 

paratyphosus B, Arkansas type (Bacillus), 
508 

paratyphosus B, Binns type {Bacillus), 
503 

paratyphosus B, Mutton type (Bacillus) 
502 
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parat^phosus B, Newport type {Bacillus), 
513 

paratyphosus B, Reading type {Bacillus^) 
504 

paratyphosus B, Stanley type (Bacillus), 
503 

paratyphosus C (Bacillus), 507, 509 
paratyphosus C (Salmonella), 507, 509 
paraviscosum (Bacterium), 683 
parcifermentans (Lactobacterium), 364 

parkeri (Borrelia), 1064 
parkeri (Spirochaeta), 1064 
parotitidis (Micrococcus), 270 
parotitidis (Spirochaeta), 1074 
partum (Clostridium), 821 
parva (Cornilia), 822 
parva (Micromonospora), 979 
parva (Nocardia), 939 
parvula (Cristispira), 1056 
parvula (Veillonella), 302, 303, 304 
parvula var. branhamti (Veillonella), 
303 

parvula var. minima (Veillonella), 303 
parvula var. thomsonii (Veillonella), 303 
parvulum (Bacterium), 642 
parvvlum (Corynebacterixm), 408 
parvulus (Micrococcus), 302 
parvulus (Staphylococcus), 302, 345 
parvulus (Streptococcus), 331, 342 
parvulus (Streptostaphylococcus), 345 
parvulus non liquefaciens (Streptococcus), 
331 

parvum (Bacterium), 822 
parvum (Corynebacterium), 388, 405 
parvum (Eubacterium), 368 
parvum (Spirillum), 203, 701 
parvum (Spirochaeta), 1075 
parvum (Treponema), 1075 
parvum infectiosum (Corynebacterium), 
405 

parvus (Actinomyces), 939 
parvus (Bacillus), 544, 712 
parvus (Jodococcus), 270, 695 
parvus (Micrococcus), 270 
parvus (Phagus), 1131 
parvus (Rhodovibrio), 863 
parvus (Streptomyces), 939 


parvus (Vibrio), 

parvus liquefaciens (Bacillus), 404 
parvus ovatus (Bacillus), 548 
passeti (Staphylococcus), 256 
passiflorae (Marmor), 1193 
passiflorae (Phytomonas), 138 
passiflorae (Pseudomonas), 138 
Paateurella, 17 , 21, 22, 26, 32, 37, 42, 
646, 551, 577, 1290 
pasteuri (Cornilia), 775 
pasteuri (Micrococcus), 270, 306 
Pastcuria. 35,836 
pasteuriana (UIvina), 692 
pasteurianum (Acetobacter), 61, 180, 
182, 692 

pasteurianum (Bacillus), 692 
pasteurianum (Bacterium), 182 
pasteurianum (Clostridium), 772, 824 
pasteurianum (Mycoderma), 182 
pasteurianum (Rhyzobiurn), 225 
pasteurianus (Bacillus), 772 
pasteurii (Bacillus), 729 , 744 
pasieurii (Urobacillus), 729 
pasteuni (Vibrio), 774 
pastinator (Achromobacter), 628 
pastonanum (Clostridium), 772 
pastonanum (Lactobactenum), 360 
pastormnum (Plocamobacterium), 695 
pastonanus (Bacillus), 359, 772 
pastorianus (Lactobacillus), 369, 695 
pasiorianus (Saccharobacillus), 359 
pastorianus (Streptococcus), 337, 342 
pasiorianus var. berolinensis (Saccharo¬ 
bacillus), 360 

patelliforme (Bacterium), 683 
pateriforme (Bacterium), 683 
pathogenicum (Photobacterium), 635 
paucicutis (Bacillus), 750 
paullulus (Bacillus), 664 
pauloensis (Eberthella), 534 
pauloensis (Escherichia), 453 
pauloensis (Salmonella), 532 
Paulosarcina, 13, 285 
paurometabolum (Corynebacterium), 392, 
pavlovskii (Bartonella), 1108 
pavlovskii (Haenwbartonella), 1108 
pavonacea (Pseudomonas), 91 
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pavoninm (Bacillus) ^ 233 
pavonU (Trepomma)^ 1075 
pecoris (Hostis), 1239 
pectinis (Cristispira), 105G 
Peciinohacier y 763 
peciinophorae (Bacillus), 664 
peciinmorum (Aerobacter)^ 456 
pectinovorurn (Bacillus), 822 
peciinovornm (Clostridium), 771, 822 
pectinovorurn (Granulohacter), 771, 822 
pectinovorurn (Plectridium), 771, 822, 
824 

peciinovorum liqucfacicns (Plectridium), 
823 

pectmovorus (Banllus), 822 
Pectohacillus, 8, 763 
Pectobacterium, 464 
pectocvtis (Bacillus), 750 
pediculata (Nevskia), 830 
pediculatum (Bacterium), 830 
pediculatua (Chondromyces), 1038 
pediculi (Bacillus), 664 
pediculi (Rickettsia), 1094, 3095, 1096, 
1097 

Pediochloris, 870 
Pediococcus, 7, 25, 235, 249, 844 
Pedioplana, 235, 250 
pelagia (Bacillus), 635 
pelagia (Bacterium), 635 
pelagia (Sarcina), 701 
jdagicus (Bacillus), 750 
pelamidis (Spirochaeta), 1068 
pelamidis (Spironema), 1068 
pelargoni (Bacterium), 160 
pelargoni (Pseudomonas), 160 
pelargonii (Marmor), 1199 
pelargonii (Phytomonas), 160 
pelargonii (Xanthomonas), 160, 167 
pelletieri (Actinomyces), 960 
pelletieri (Discomyces), 960 
pelletieri (Micrococcus), 960 
pelletieri (Nocardia), 960 
pelletieri (Oospora), 960 
pelletieri (Streptomyccs), 960 
pelliculosa (Pseudomonas), 149 
pellucida (Beggiatoa), 992 
pellucida (Pseudomonas), 149 


pellucidum (Achromobacter), 145 
pellucidum (Halibacterivm), 653 
pellucidus (Bacillus), 664 . 750 
pellucidvs (Micrococcus), 270 
Pelochromatium, <S59 
Pelodictyon, 870 
pelogenes (Actinomyces), 972 
Pelofioea, 870 

pelomyxae (Cladothrix), 1123 
pclurida var. virginiana (Pseudomonas), 
174 

pemphigi (Micrococcus), 270 
pemphigi acuti (Dtplococcus), 270 
pemphigi contagiosa (Micrococcus), 270 
pemphigi neonatorum (Micrococcus), 271 
pemphigi neonatorum (Staphylococcus), 
271 

pendens (Hliodothece),866 
penduncuhitus (Bacillus), 741 
penicillatus (Bacillus), 816 
penortha (Spirochaeta), 583, 917, 1071 
pensacola (Scdnionella), blS 
pentoaceticum (Plocamobactenum), 695 
pentoaceticus (Lactobacillus), 358, 695 
pentoaceticus var. magnus (Lacto¬ 
bacillus), 358 

pentosaceum (Propionibacteriura), 378, 
379 

pentosaceus (Pediococcus), 250 
penlosus (Lactobacillus), 357 
pepo (Bacillus), 7^ 

Peptoclostridiurn, 30, 763 
Peptococcus, 29, 30 
peptogenes (Bacillus), 751 
peptogenes (Bacterium), 751 
peptonans (Bacillus), 751 
peptonificans (Bacillus), 751 
Peptonococcus, 235 
Peptosireptococcus, 30, 31, 312 
percitreus (Micrococcus), 271 
percolans (Vibrio), 201 
perekropovi (Eperythrozoon), 1113 
perexile (Treponema), 1075 
perexilis (Spirochaeta), 1076 
perfectomarinus (Pseudomonas), 699 
perflava (Neisseria), 298 
perflavus (Micrococcus), 271 
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pcrfoetens {Bacterium), 576 
perfoetena {Bacteroides ), 676 
perfoetem (Ristella), 576 
perforans {Spirochaeia), 1068 
perfringens {Bacillus), 790, 815, 826 
perfringens (Clostridium), 789, 790, 817, 
818,826 

perfringens Type A {Clostridium), 789 
perfringens Type B {Clostridium), 790 
perfringens Type C {Clostridium), 790 
perfringens Type D {Clostridium), 790 
perfringens {Welchia), 790 
perfringens var. anaerogenes {Clostrid- 
ium), 791, 826 

perfringens var, egens {Clostridium), 

790 

perfringens var. egens {Welchia), 790 
perfringens var. zoodysenteriae {Welchia), 

791 

pericarditis {Pasteurella), 554 
pericoma {Vibrio), 205 
perimastrix {Vibrio), 703 
periphyia {Pseudomonas), 699 
periplanetae {Corynebacterium), 405 
periplanetae {Spirochaeta), 1069 
periplanetae var. americana {Coryne¬ 
bacterium), 405 

periplaneticum {Spirillum), 217 
peripneumoniae {Borrelomyces), 1291 
peripneumoniae {Mycoplasma), 1291 
peripneumoniae bovis {Asteromyces), 1291 
peripneumoniae bovis contagiosae {Mi- 
cromyces), 1291 

peritonitidis {Streptococcus), 317 
peritonitidis equi {Streptococcus), 317 
peritonitis {Spherophorus), 579 
perittomaticum {Bacterium), 761 
perlibratus {Bacillus), 664 
perlucidulus {Bacillus), 751 
perlurida {Cellulomonas), 174 
perlurida (Pseudomonas), 174 
perniciosus {Micrococcus), 342 
pemiciosus {Pediococcus), 250 
perniciosus {Streptococcus), 342 
pemiciosus psittacorum {Streptococcus), 
342 

perolens {Achromobacter), 425 


peromysci {Grahamella), 1111 
pcromysci (Haemobartonella), 1106 
peromysci var. maniculati {Grahamella), 

nil 

peromysci var. inaniculaii {Haemobar¬ 
tonella), 1106 
peroniella {Bacillus), 816 
peroxydans (Acetobacter), 189 
perronciti {Bacillus), 664 
Perroncitoa, 312 
persica {Borrelia), 1069 
persica {Spirochaeta), 1069 
persicac (Chlorogenus), 1148 , 1152 
persicae {Flavimacula), 1196 
persicac (Marmor), 1196 , 1202 
persicae var. micropersica {Chlorogenus)^ 
1149 

persicae var. vulgaris {Chlorogenus), 
1149 

persicina {Palmella), 848 
persicina {Sarcina), 293 
persicum {Treponema), 1069 
persicus {Micrococcus), 271 
pertenue {Spironema), 1071 
pertenue (Treponema), 1071 
pertenuis {Spirochaeta), 1071 
pertussis {Bacillus), 586, 737 
pertussis (Hemophilus), ,686, 587, 589 
pertussis eppendorf {Bacillus), 589 
peruviana {Bartonella), 1101 
pestifer {Achromobacter), 425 
pestifer {Bacillus), 425 
pestifer {Bacterium), 426 
pestis {Bacillus), 549 
pestis {Bacterium), 649 
pestis {Eucystia), 549 
pestis (Pasteurella), 649 , 703 
pestis bubonicae {Bacillus), 549 
pestis bubonicae {Bacterium), 549 
pestis-caviae {Bacillus), 502 
pestis-caviae {Pasteurella), 502 
petasites {Bacillus), 714 
petasitis {Bacterium), 142 
petasitis {Phytomonas), 142 
petasitis (Pseudomonas), 142 
petechialis {Micrococcus), 271 
petersii {Bacillus), 664 
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peieraii {Bacterium), 683 

pcterssonii (Propionibactenum), 376 

petilus {Micrococcus), 271 

petiolalus {Bacillus), 751 

petit {Spirochacta), 215 

petrolei {Micrococc ua ), 271 

petroselini {Bacillus), 715 

petroselini {Bacterium), 715 

pettiti {Leptospira), 1079 

pettiti {Spirochaela), 215, 1079 

pettiti {Treponema), 1079 

pfaffi {Bacillus), 539 

pfaffii {Bacterium), 539 

pfaffii {Eberthella), 

pfaffii (Shigella), 639 

Pfeiffcrella, 9, 21, 22, 28, 554 

pfeijferi {Coccohacillus), 585 

pfciJderi {Encapsulatus), 459 

pflegmones-emphysematosae (Bacillus ), 

790 

pflegmones-emphysematosae {Closindturn), 

m 

pflugeri (Arthrobaclenum), 635 
pflugeri {Bacterium), 635 
pflugeri {Micrococcus), 635 
pflugeri {Photobacterium), 635 
Phaceliurn, 13, 285 

phaeochromogenus (Actinomyces), 943 
phaeochromogenus (Streptomyccs), 943 
Phaeomonas, 29, 30 
Phacospirillum, 29, 30, 866 
phagedenis (Borrelia), 1064 
phagedenis (Spirochaeta), 1061 
phagedenis (Spironema), 1061 
phagedenis {Spiroschaudin7iia), 1064 
phagedenis (Treponema), 1064 
Phagus, 1128 

pharyngis (Diplococcus), 299 
pharyngis (Micrococcus), 696 
pharyngis (Neisseria), 299, 696 
pharyngis (Staphylococcus), 2S2 
pharyngis cinerea (Neisseria), 298 
pharyngis cinereus (Miciococcus), 29S 

301 

pharyngis communis (Diplococcus), 298 
pharnygis flavus I (Diplococcus), 298 
pharyngis flavus II (Diplococcus), 299 


pharyngis flavus I (Micrococcus), 299 
pharyngis flavus II (Micrococcus), 2119 
pharyngis-sicci (Neisseria), 298 
pharyngis siccus (Diplococcus), 298 
pharyngis siccus (Micrococcus), 298 
phaseoli (Bacillus), 160, 751 
phaseoli (Bacterium), 160 
phdseoli (Phytomonas), 160 
phaseoli (Pseudomonas), 160 
phaseoli (Marmor), 1168, 1179 
phaseoli (Rhizobium), 225, 226 
phaseoli (Xanthoinonas), 160, 161, 1134, 
1136 

phaseoli var. fuscans (Bacterium), 161 
phaseoli var. fuscans (Phytomonas), 161 
phaseoli var. fuscans (Pseudomonas), 
161 

phaseoli \ lit, fuscans (Xanihomonas), 161 
phaseoli var. sojense (Bacterium), 161 
phaseoli var. sojense (Phytomonas), 161 
phaseoli \a.T. sojensis (Xanthomonas), 161 
phaseolicola (Pseudomonas), 118 
phasiani (Bacillus), 520 
phasiani septicus (Bacillus), 520 
phasiani septicus (Bacterium), 520 
phasianicida (Bacillus), 552 
phasianicida (Bacterium), 552 
phasianidarum mobile (Bacterium), 552 
phenanthrenicus bakiensis (Bacillus), 664 
phenanthrcnicus guricus (Bacillus), 665 
phcnologcnes (Bacillus), 665 
phenolphilos (Bacillus), 751 
phenotolerans (Actinomyces), 917 
phlebotomi (Spirochaeta), 1074 
phlegmones emphysematosae (Bacillus), 
789, 790, 826 

phlci (Mycobacterium), 881, 887, 889 , 
890 

phlei (Sclerothiix),SS{) 
phlei perrugosxnn (Mycobacterium), 890 
phlei planum (Mycobacterium), 890 
Phleobacterium, 20, 23 
pholas (Bacterium), 635 
phonnicola {Bacterium), 166 / 
pfwrmicola (Phytomonas), 166 
phonnicola (Xanthomonas), 166 
phosphorescens (Bacillus), 111 
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phoaphorescens (Bacterium)^ 111, 633, 
635, 636 

phosphorescens (Micrococcus)^ 633 
phosphoresceiis (Microspira), 700 
phosphorescens (Pastenrella), 699 
phosp}ior€8cens (Photohacterium)^ 633, 
m, 636 

pliosphorescens (Psoudumonas), 111 , 699 
phosphorescens (Spirillum), 633 
phosphorescens (Vibrio), 633, 702 
phosphorescens ifclidns (Bacillus), 63G 
phosphorescens yelidus (Bacterium), 635 
phosphorescen,^ yiardi {Bacillus), 635 
phosphorescens tjinrdi (Bacterium), 635 
phosphorescens indicus (Bacillus), 699 
phosphorescens indiciis (Bacterium), 699 
phosphorescens indujinus (Bacillus), 633 
j)hosplioro.s<*oiis indi>j;onus (l^actcrhmi), 
633 , 636 

phosphorescens pjlugcri (Bacterium), 635 
phosphoreum (Achromobacter), 634 
phosphoreum (Ba<;torium), 633 , 635, 636, 
637 

phosphoreum (Microspiia), 636 
phosphoreum (Photobacter), 633 
phosphoreum (Photobaclerium), 633 
phosphoreus (Bacillus), 633, 634 
phosphoreus (Micrococcus), 633, 635 
phosphoreus (Streptococcus), 633 
phosphoricum (Achromobacter), 634 
phosphoricus (Bacillus), 634 
Photobacter, 636 

Photobacterium, 12, 14, 192, 636 
pkotometricum (Bacterium), 683 
pkotomeiricum (Rhodespirilium), 867 
photometricus (Bacillus), 683 
Pkotomonas, 11, 636 
Photospirillum, 636 
photuris (Proteus), 401 
^hragmidiothriz, 6, 12, 17, 19, 9S7 
phyllotidis (Grahamella), 1111 
physiculus (Micrococcus), 636 
Phytomonas, 31, 32,150 
Phytomyxa, 223 

phytophthora (Erwinia), 469, 470 
phytophthorum (Bacterium), 470 
phytophthorum (Pectobacterium), 470 


phytophthorus (Bacillus), 469, 470 
phytophthorus (Micrococcus), 342 
phytophthorus (Streptococcus), 342 
phyloplanklis (Vibrio), 703 
picrogenes (Bacillus), 751 
picrum (Achromobacter), 622 
piclor (Treponema), 1072 
piciorum (Achromobacter), 177 
pictoruin (Pseudomouas), 177 
pierantonii (Bacillus), 202 
picrantonii (Cocco-bacillus), 112 
pierantonn (Micrococcus), 112 
pierantonii (Pseudomonas), 112 
pierantonii (V ibrio), 202 
pier id IS (Micrococcus), 271 
pieris (J^orrelina), 1227 
pieris (Diplobacillus), 690 
piens (Diplococcus), 336 
pier is (Vibrio), 703 
piens (Kjilts (Bacillus), 665 
pieris Jluorescens (Bacillus), 666 
pieris liquefaciens (Bacillus), 665 
piens liquefaciens a (Bacillus), 665 
piens liquefaciens fi (Bacillus), 665 
pieris liquefaciens (Bacterium), 665 
pieris non‘liquefaciens a (Bacillus), QG5 
piens nondiquefacicns ^ (Bacillus), 665 
piesmac (Savoia), 1221 
puma (Streptococcus), 342 
pijpcri (Actinomyces), 921 
pijperi (Discomyces), 921 
pijperi (Nocardia), 
ptkowskyi (Achromobaclei), 425 
pikowskyi (Micrococcus), 271 
piliformts (Bacillus), 366, 751 
piliformis (Micrococcus), 271 
piltonensis (Micrococcus), 271 
pilulifOrmans (Bacillus), 684 
pilulxformans (Bacterium), 683 
pint (Bacterium), 640 
pini (Pseudomonas), 640 
pinnae (Cristispira), 1055 
pinnae (Spirochaete), 1065 
pinualum (Achromobacter), 425 
pinnatus (Bacillus), 425 
pinnaius (Bacterium), 42(> 
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pinoyi (Actinomyces)^ 921 
pinoyi (Nocardia), 921 
piniae (Treponema), 1072 
pipientis (Wolbachia), 109S 
pipistrelU (GrnhnwcUa), Jill 
pipistrelU (Grahamia), 1111 
piriforme (Conjnehacterium), G94 
piscatorn (Shigella), 544 
piscaioriim (Bacterium), 
pibcaturuin (Serratia), 483 
piscaiarus (Bacillus), 4S3 
pieces (Rickettsia), 1097 
piscicidus (Bacillus), 7b\ 
piscicidus agilis {Bacillus), 751 
piscicidus ayilis (Bacterium), 751 
piscicidus nohilis (Bacillus), 751 
piscicidus vetsicolor (Bacillus), 491 
piscicidus versicolor (Proteus), 491 
piHciuni (Myrobacteriurn), 883, 884 . 885, 
880 , 887 

pisciuin (Vibrio), 197 
piscova (Pseudomonas), 7(K» 
pisi (Bacillus), 751 
pi SI (Bacterium), Hi) 
pi«i (Marinor), 1180 
pisi (Phytomonas), 110 
l)i8i (Pseudomonas), 119 
pistiense (Thiospirillum), S5:i 
pithcci (Spinlluni), 1004 
pitheci (Spiufchaeia), 1004 
pi then (SpirouLtiia), 1064 
pituilans (Bacterium), 761 
pituiUfparus (Micrococcus), 271 
pituiloparus (Karphococcus\ ii'aipho- 
coccus^, 271 

pituUosum {Bacterium), 425, 684 
ptiuiUtsum (Propionibactenum), 579 
pityocampae (Bacterium), 684 
pitgcampae <x (BtrepUmtecus) , 542 
pityearnpac iSlrepiococcus), 542 

placjudes iGladothrix), 074 
plnroidcs (Leptotnchia), 974 
placoidis alba (Lcptothrii) , 971 
plngarum (Inflabilis), 823 
plaKaruin-lx'ili (Diplocorcus/, 310 
l*lanococcus, 7, 13, 15, 235 


Planomerista, 235 
Planosarcina, 7, 15, 285 
Planostreptococcus, 15, 312 
plantaginis (Phytomonas), 161 
plantaginis (Xanthomonas), 161 
plantaruni (Lactobacillus), 356, 357, 363, 
695 

plahiarum (Streptobactenum), 356 
plantaruni var. rudensis (Lactobacillus}, 
357 

plains (Bacillus), 723 
plaiijchoma (Bacillus), 751 
pluuti (Fusocillus), 581 
plauti-vinccnti (Fusobactorium), 581, 
1063 

plaun-vincenli (Fusiformis), 581 
plant-vinccnii (Spirochaete), 1063 
plebia (Es(herichia), 451 
plebetiis \ Bacillus), 451 
Plectridtum, 7, 13. 33, 763 
Plecirillium, 7 
Plcctrinium, 7 

plehniae (Pseudomonas), 140 
Plennohactenum, 705 
pleofructi (Bacillus), 
pleofrucli (Leuconostoc), 346 
pleomorpha (Pseudomonas), 700 
pleomorphus (Bacillus), 665 
pleomorphus (Slnptocoicus), 342 
pleuriticus (Discomyces), 915 
plevriticus (Lcpioihrix), 915 
pleuriticus cams faimliaris (Actinomy¬ 
ces), 915 

Pleuropneumonia, 1289 
pleuropneumoniae (Bacterium), 684 
pleuropneumomae (Bovimyccs), 121)1 
plexiformis (Bacillus), 751 
plicata (Pseudomonas), 149 
plicatile (Spirillum), 1052 
plicatilis (Ehrenhergia), 1052 
plicatilis (Spirochaeta), 1052, 1053 
plicatilis (Spirulina), 1052 
plicatilis eurijsirepia (Spirochaeta), 1052 
plicatilis maiina (Spirochaeta), 1052 
plicatilis plicatilis (Spirochaeta), 1052 
plicalivum (Bactci turn), 684, 761 
Iilicatiim (Acetobacter), 186 
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plicatum (Bacterium), 761 
plicatum (Flauobacterium), 441 
plicatua (Bacillua)^ 149, 441, 665, 684, 
747, 751 

Plocamobacterium, 18,25,27,349,381,400 
plumbeus (Bacillus), 665 
plumosum (Corynebacterium), 405 
plumosum (Mycobacterium), 405 
plumosus (Micrococcus), 271 
plurichromogenes (Actinomyces), 897 
pluricolor (Actinomyces), 973 
pluricolor (Nocardia), 973 
pluricolor (Streptothrix), 973 
pluricolor diffundens (Actinomyces), 973 
pluricromogena (Streptothrix), 897 
pluriseptica (Pasteurella), 547 
plurisepticus (Bacillus), 546 
pluton (Bacillus), 724 
pluton (Diplococcus), 724 
plymouthensis (Bacillus), 482 
plymouthensis (Erytkrobacillus), 482 
plymuthicum (Bacterium), 482 
plymuthicum (Serratia), 481, 482, 483, 
484, 485 

Pneumobacillus, 458 
Pneumococcus, 306 

pneumo-enteritidis murium (Bacillus), 
665 

pneumoniae (Bacillus), 458,652 
pneumoniae (Bacterium), 307, 458 
pneumoniae (Diplococcus), 43, 45, 306, 
307,308,309 

pneumoniae, Type 3 (Diplococcus), 308 
pneumoniae (Encapsulatus), 458 
pneumoniae (Hyalococcus), 458 
pneumoniae (Klebsiella), 468 
pneumoniae (Miyagawanella), 1118,1119 
pneumoniae (Pneumococcus), 307 
pneumoniae (Proteus), 458 
pneumoniae (Streptococcus), 307 
pneumoniae caprae (Bacillus), 553 
pneumoniae crouposae (Micrococcus), 307 
pneumoniae equi (Bacillus), 553 
pneumonicum (Bacterium), 458, 675 
pneumonicus (Bacillus), 647 
pneumonicus agilis (Bacillus), 647 
pneumonicus agilis (Bacterium), 647 


pneumonicus liquefaciens (Bacillus), 675 
pneumonicus liquefaciens (Bacterium), 
675 

pneumonic crouposae (Bacterium), 458 
pneumopecurium (Bacterium), 684 
pneumosepticum (Bacterium), 684 
pneumosepticus (Bacillus), 665, 684 
pneumosepticum (Bacterium), 665 
pneumosimilis (Streptococcus), 342 
pneumosintes (Bacillus), 595 
pneumosintes (Bacterium), 595 
pneumosintes (Dialister), 595 
Podangium, 1009, 1034 
podovis (Treponema), 1074 
poeciloides (Bacillus), 368, 369 
poeciloides (Eubacterium), 368, 369 
poelsii (Bacillus), 665 
poinsettiae (Corynebacterium), 398, 399 
poinsettiae (Phytomonas), 399 
pollacii (Bacillus), 751 
pollackii (Spirochaeta), 1069 
pollackii (Spironema), 1069 
Pollendera, 705 

Polyangium, 5, 14, 17, 20, 24, 26, 1005, 
1009, 1025 
Polycephalum, 1036 
polychromogenes (Actinomyces), 897 
polychromogenes (Bacillus), 233 
polychromogenes (Nocardia), 897, 898 
polychromogenes (Oospora), 897 
polychromogenes (Proactinomyces), 897 
polychromogenes (Streptothrix), 897 
polycolor (Bacterium), 126 
polycolor (Phytomonas), 126 
polycolor (Pseudomonas), 89, 126 
polycystus (Chondrococcus), 1045 
polycystus (Myxococcus), 1045 
polydorae (Cristispira), 1056 
polydorae (Crislispirella), 1057 
polyfermenticum (Clostridium), 772, 824 
polygoni (Phytomonas), 140 
polygon! (Pseudomonas), 140 
polymorpha (Mima), 595 
polymorpha var. oxidans, 595 
polymorphum (Bacterium), 684 
polymorphum (Fusobacterium), 682 
polymorphum (Halibacterium), 662 
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polymorphum (Rhizobium), 224 
polymorphum convuUivum {Bacterium) 
590 

polymorphiut {Actinohacter)^ 45% 
polymorphua {Bacillus) 
polymorphua {Fuaiformia), 582 
polymorphua {Streptococcus)^ 343 
polymorphua {Vibrio), 205 
polymorphua necroticans {Coccobacillua), 
690 

polymorphua necroticans {Micrococco- 
bacillus), 690 

polymorphua var. peritriche {Vibrio), 205 
polymyxa {Aerobacillua), 720 
polymyxa (Bacillus), 720, 722, 754, 818 
polymyxa {Clostridium), 720 
polymyxa {Granulobacter), 720 
polymyxa var. mucoaum {Granulobacter), 
720 

polymyxa var. tenax {Granulobacter), 720 
polypiformie {Comilia), 816 
polypiformia {Bacillus), 816, 818 
polypus {Micrococcus), 272 
polyaclerotica {Spirochaeta), 1065 
polysiphoniae (Bacterium), 624 
polyaiphoniae {Flavobacterium), 624 
polyapira {Spirochaeta), 1074 
polyapirum {Treponema), 1074 
polyspora (Crenothrix), 983, 987 
polyspora {Metabacterium), 762 
polytrophum {Nitrobacter), 76 
pomodoriferua {Bacillus), 665 
pomona {Salmonella), 529 
poncei {Bacillus), 665 
ponceti {Actinomyces), 921 
ponceti {Nocardia), 921 
ponceti (Oospora), 921 
ponticua {Vibrio), 703 
Pontothrix, 1002 
poolensia {Actinomyces), 949 
poolensis (Streptomyces), 949 
poona {Salmonella), 527, 531 
IK>pilliae (Bacillus), 727 
populi {Badllua), 751 
populi {Micrococcus), 272 
porcellorum {Micrococcus), 272 
porci {Eryaipelothrix), 410 


porri {Bacillus), 684 
porri {Bacterium), 684 
portae {Spirillum), 1052 
portuenaia {Microapira), 205 
portuenaia {Vibrio), 205 
poatumua {Bacillus), 816 
poiena {Acetobacter), 692 
potadam {Salmonella), 511 
potadamenaia {Salmonella), 511 
praeacuta {Zuberella), 577 
praeacutua {Coccobacillua), 577 
praecox {Actinomyces), 973 
praefecundua {Actinomyces), 973 
praepollena {Badllua), 665 
prauaanitzii {Badllua), 718 
prausanitzii {Bacteroidea), 577 
preiaz-nocardi {Corynebacterium), 389 
premens (Tarpeia), 1270 
prepuhalis {Leptothrix), 366 
Pretoria {Salmonella), 526 
pretoriana (Nocardia), 900 
pretonanua {Actinomyces), 900 
prillieuxianus {Badllua), 132 
prima {Vibrio), 205 
primarius (Phagus), 1132 
primigenium (Archangium), 1018, 1019 
primigenium {Polyangium), 1018 
primigenium var. assurgens (Arch¬ 
angium), 1006, 1018 
primulae (Marmor), 1201 
primulae {Phytomonaa), 114 
primulae (Pseudomonas), 114 
primus {Robertaonillua), S2Z 
primus fulleai {Bacillus), %%% 
primus.fullesi {Bacterium), 666 
pringaheim {Bacillus), 819 
priztnitzi {Badllua), 534 
priztnitzi {Bacterium), 534 
priztnitzi {Eberthella), 534 
priztnitzi {Eberthua), 534 
Proactinomycea, 38, 875, 892 
Proactinomycea sp,, Helzer, 923 
probatua {Bacillus), 729 
prodeniae {Bacterium), 684 
prodigioaa {Micraloa), 480 
prodigioaa {Monas), 480 
prodigioaa {Palmella), 480 
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prodigiosa (Salmonella), 4S0 
prodigiosnm (Bacteridium), 4S0 
prodigiosum (Bacterium), 4S0 
prodigiosuvi (Chromobacierium)y 480 
prodigiosum (Dicrobactrum)y 480 
prodigiosum (Liqaidobacterium)y 480 
prodiyiosus (Bacillus)y 4S0 
prodigiosus (Enjthrobacillus)y 480 
prodigiosus (Micrococcus) y 480 
productus (Streptococcus) y 343 
profundus (Cladothrix)y 083 
ptofusum (Bacterium)y 084 
profusus (Bacillus)y 681 
progrediens (Micrococcus), 272 
progrediens (Reglillus), 823 
prolifer (Vibrio), 213 
promissiis (Bacillus), 666 
propera (I'hospira), 702 
Propionibactoiium, 30, 31, 372 
propionic I (Mictomonospora), 080 
Propion i cocc us, 11 
propionicum (Clostridium), 821 
propijl-hutylicum (Clostndium), 7^1, 825 
Proshigella, 535 
Protaininobacter, 32,189 
prolea (Actinomgces), 072 
protea (Microspiracy 107 
proiea (Psendomonos), 149 
protea-fluoitsrens (Pseudomonas), 89 
proteamaculans (Bacterium), 100 
proieamaculans (Phgtomonas), 160 
proteamaculans (Pseudomonas), 160 
proteamaculans (Xanthomonas), 169 
profeidis (Bacillus), 666 
proleiformis (Enterococcus), 325 
proteiformis (Streptocorcus), 325 
proteiformis liquefaciens (Enterococcus), 
343 

ptoteiformis var liquefaciens {Strepto¬ 
coccus), 343 

proteolyticum {Clostridium), 821 
proteolyticum iPlocamobacierium), 691 
proieolyticus (Glycobacter), 691 
proieolyticus (Maricllillus), 823 
proteosimilis (Eberthella), 534 
protervus (Bacillus), 666 
proteum (Bacterium), 718 


Proteus, 18, 21, 26, 31, 486, 489, 490, 491, 
689, 691, 1086, 1088, 1089, 1091, 1002, 
1093, 1103 

proieus (Bacillus), 486 
proteus (Bacterium), 691 
proteus (Flavobacterium), 438 
proteus (Oospora), 973 
proteus (Streptococcus)y 343 
proteus (Sireptothrix) y 973 
proteus (Vil>rioj, 197. 202, 204, 205 
proteus anindolgenes (Bacterium)y4>s7 
proteus fluoresce ns (Bacillus), 89 
proteus Jluoresccns (Bacterium), 69S 
proteus mirabtlis (Bacillus), 488 
proteus septicHS (Bacillus), 686 
proteus vulgaris (Banllas), 487, 632 
proteus-zenken (Bacillus), 608 
Protohios, 1128, H20 
protobios ( Protobios), 1128 
protozoi dcs (Baderlum), 115 
prowazeki aub'Spo(‘i(s typhi (Hivkdtsia), 
1086 

niowazeki var. mooscri (Rirkcttsia \ 10S6 
prowazeki var. prowazeki (Rickettsia), 
1084 

prowazekii [Rickettsia), 10S4, 1(186, 1087, 
1088, 1090, 1004, 1090, 101)7, 1103 
pruchii {Bacillus), 788 
pruchii ((lostridium), 788 
pruddeni (Bacillus), 660 
pruneaeum (Flavobacterium), 441 
pruni (Badenurn), 152 
pruni (Xanus), 1208 
pruni (PhaRUs), 1136 
pruni (Phytomonas), 152 
pruni (Pseudomonas), 152 
pruni (Xanthomonas), 152, 1129, 1131, 
1135 

prunicola (Pseudomonas), 120,123 
pruvoti (Colooinitiis), 1003 
pruvoti (Coleoncma), 1003 
psalteri (Micrococcus), 272 
pseudaceti (Bade riurn), 761 
pseudoo qua tile (Badenum), 681 
pseudo-actinomycosis pnljfmorphus (Coc- 
cobacillus), 974 

pseudoagalactiae (Streptococcus), 319 
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pseudanthracis (Bacillus), 716, 717, 751 
pseudoanthracis (Bacterium), 717 
pseudo-asiaiica (Salmonella), 532 
pseudo-nsiatica var. rnobtlis (Salmonella), 
532 

pseudo-asiaticus (Bacillus), 532 
pseudo-asiaticus mohilis (Bacillus), 532 
Pseudobactllus, 20, 22 
pseudobuccalis (Spirochaeta), 1060 
pseudobutyricus (Bacillus), 740, S20 
pseudocarncus (/I steroidcs i, 01S 
pseudo-carolinn (SnlmoneUn (/)), 532 
pseudocarol inns (Bacillus), 532 
pseudocalarrhnlts (\cisscna), 301 
pseudocebi (Bartonella), llOS 
pseudoerbi (Haemobartonella), llOS 
pseudoccrevisiac (Micrococcus), 240 
pseudo-cholcrae gallinarum (Bacillus), 
520 

pscudocloslndium (Bnclenuw), S18 
pscudococcus (Bacillus), 751 
pseudocoli (Bacillus), 453 
pseudocoil (Escherichia), 453 
pseudo-coli anarobie (Bacillus), 7S6 
pseudocoli anncrobius (Bacillus), 786 
pseudocoli for mis (Bacillus), 453 
pseudo-coilformis (Eschenchio), 453 
pseudocoloides (Bacillus), 453 
pseudo-coloides {Bacterium), 453 
pseudocoloides (Escherichia), 453 
pseudo-columbenSIS (Bacillus), 532 
pseudo-columbensis (Salmonella (/)), 532 
pseudoconjunctivitidis (Bacillus), 084 
pseiidoconjunctivitidis (Bacterium), 684 
pseudocoscoroba (Escherichia), 453 
pseudocyaneus (Micrococcus), 272 
pscudodiphtheria (Bacillus), 31K) 
pseiidodiphtheriac (Corynebacte^ium ), 
404, 405 

pscudodiphthericum (Myrobneterium), 385 
pseudodiphihcricum magnus (Bacillus), 
752 

pseudodiphihericus (Bacillus), 385 
pseudodiphtheriticum (Bacterium), 385 
psoudodiphtheriticum (Corynebacte- 
rium), 3S6, 406 
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pseudodiphtheriticus acidum faciena 
(Bacillus), 401 

pseudodiphtherilinis alcalifaciens (Ba¬ 
cillus), 4(X) 

pseudodiphtheriticus gazogenes (Bacil¬ 
lus), 401 

Pseudodiplococcus, 305 
pseudodysenieriae (Bacillus), 538 
pseudodsyenteriae (Escherichia), 453, 543 
pseudodysentericum (Bacterium), 453, 543 
pseudofiheinum (Bacterium), 684 
pscudofusiformis (Bacillus), 752 
psewiogonorrhocae (Sarcina), 293 
pscudohnemolyticHS (Streptococcus), 343 
psnidohchdomadis (Spirochaeta), 1070 
pscudoianthina (Pseudomonas), 233 
pseudoictcrogcnes (Beplospira), 1077 
pscudoicle>'ogencs (Spirochaeta), 1077 
pscudoicfcrogenes aquacductuum (Spiro- 
chaetm, 1078 

pscudo-icterogenes (aquatilis) (Spiro¬ 
chaeta), 1077 

pscudoicterogenes salina (Spirochaeta), 
1070 

pseudo-icterohemorrhagiae (Spirochaeta), 
1077 

pseudoiniluenzae (Bacillus), 684 
pseudoinfluenzae (Bacterium), 684 
pseudo influenzae (Micrococcus), 272 
pseudokeratomalaciae (Bacterium), 684 
Pseudoleptothrix, 34, 366 
pseudomagnus (Bacillus), S16 
pscudornallei (Actinobacillus), 555 
pseudomallei (Bacillus), 555 
pscudornallei (Flavobactenum), 555 
pseudomalki (Malleomyces), 666, 556 
pscudornallei (Pfeifferclla), 555 
pseudomelitensis (Micrococcus), 563 
pseudonurabilis (Bacillus), ^6^ 
Pseudomonas, 7, 15, 18, 20, 21, 25, 28, 29, 
31,32, 43, 82. 91,145, 171, 233, 234,615, 
633, 692, 839 

pseudo-morgani (Bacillus), 532 
pseudo-morganii (Salmonella), 532 
pseudomultipediculum (Bacterium), 685 
pseudomycoides (Bacterium), 761 
pseudomycoides roseus (Bacillus), 761 
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pseudonavicula (Bacillm)^ 814, 816 
pseudonecrophorus {Actinomyces)^ 680 
pseudooedematis {Bacillus) ^ 816 
pseudooedematis maligni {Bacillus)^ 660, 

816 

pseudopallida {Spirochaeta), 1074 
pseudopallida {Spiroschaudinnia), 1074 
pseudopallidum {Treponema) ^ 1074 
pseudo-perfringens {InflahiUs)^ 823 
pseudopestis murium {Bacterium), 402 
pseudopneumonicum {Bacterium), 685 
pseudopneumonicum {Brucella), 685 
pseudopneumonicus {Bacillus), 685 
pseudoproieus {Aerobacter), 457 
pseudopyogenes {Corynebacterium), 388 
pseudoradiatus {Bacillus), 613 
pseudoramosum {Ramibaclerium), 369 
pseudoramosus {Bacillus), 369, 488 
pseudoramosus {Bacteriodes), 369 
pseudorecurrentis {Spirochaeta), 1069 
pseudoruber {Bacillus), 752 
Pseudosarcina, 285 
pseudosarcina {Micrococcus), 249 
pseudo-sepiicus {Bacillus), 816 
pseudosolidus {Bacillus), 816 
Pseudospira, 192 
pseudospirochaeta {Vibrio), 205 
pseudospirochaeta A {Vibrio), 205 
pseudospirochaeta B {Vibrio), 205 
pseudospirochaeta C {Vibrio), 205 
Pseudostreptus, 12, 13, 14, 312 
pseudosubtilis {Bacillus), 752 
pseudotetani (Bacillus), 727, 728, 800, 816 
pseudotetanicum (Plectridium), 801 
pseudotetanicus (Bacillus), 727, 728, 816, 

818 

pseudotetanicus aerobius (Bacillus), 727 
pseudo-tetanus. Type No. IX (Bacillus), 

800 

pseudotsugae (Bacterium), 230 
pseudotsugae (Phytomonas), 230 
pseudotuberculosa (Streptothrix), 973 
pseudotuberculosis (Bacillus), 389, 550, 

666 

pseudotuberculosis (Bacterium), 550 


pseudotuberculosis (Corynebacterium), 
389, 550 

pseudotuberculosis (Mycobacterium), 390 
pseudotuberculosis (Nocardia), 973 
pseudotuberculosis (Pasteurella), 549, 
660, 677, 703 

pseudotuberculosis bovis {Corynebac¬ 
terium), 389 

pseudotuberculosis liquefaciens (Ba¬ 
cillus), 666 

pseudotuberculosis murium (Bacillus), 
389, 407 

pseudotuberculosis murium (Corynethrix), 
406 

pseudotuberculosis ovis (Bacillus), 389 
pseudotuberculosis ovis {Corynebacte¬ 
rium), 389 

pseudotuberculosis rodentium ^Bacillus), 
550 

pseudotuberculosis rodentium (Bacter¬ 
ium), 550 

pseudotuberculosis rodentium {Corynebac¬ 
terium), 550 

pseudotuberculosis rodentium (Malleo- 
myces), 550 

pseudotuberculosis rodentium (Strepto- 
bacillus), 550 

pseudotuberculosis similis (Bacillus), 652 
pseudotuberculosus (Actinomyces), 973 
pseudotyphi (Rickettsia), 1090 
pseudotyphosa (Pseudomonas), 149 
pseudotyphosurn (Bacterium), 613, 666 
pseudotyphosus (Bacillus), 612, 666 
pseudovacuolata (Leptothrix), 986 
pseudovacuolata (Spirothrix), 986 
pseudovaleriei (Proteus), 491 
pseudovermiculosum (Bacterium), 761 
pseudoviolacea (Pseudomonas), 234 
pseudoxerosis (Bacillus), 1098 
pseudozoogloeae (Bacterium), 124 
pseudozoogloeae (Phytomonas), 124 
pseudozoogloeae (Pseudomonas), 124, 
130 

psittaci (Ehrlichia), 1116 
psittaci (Miyagawanella), 1116, 1117, 
1118,1119 

psittaci (Rickettsia), 1116 
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psit-putr 


psitiacorum {Streptococcus) ^ 342 
psittacosis {Bacillus) ^ 502 
psittacosis {Bacterium) ^ 502 
psittacosis {Salmonella) ^ 502 
psorosis {Citivir)^ 1209 
psorosis (Rimocortius), 1210 
psorosis var. alveaium {Rimocortius)^ 1211 
psorosis var. anulatum {Rimocortius), 
1210 

psorosis var. convacum {Rimocortius), 
1210 

psychrocarterica {Urosarcina), 289 
psychrocarterica {Sarcina), 289 
psychrocartcricus {Bacillus), 729 
psychrocartericus {Urohacillus), 729 
puerariae {Bacterium), 118 
puerariae {Phytomonas), 118 
pueris {Salmonella), 513 
puerperalis {Streptococcus), 315 
pulcher {Micrococcus), 272 
pulchra {Sarcina), 293 
pullorum {Bacillus), 521 
pullorum {Bacterium), 521 
pullorum {Borrelia), 1059 
pullorum (Salmonella), 43, 493, 498, 520, 
521, 1135 

pullulans {Bacillus), 149 
pullulans {Bacterium), 700 
pullulans {Pseudomonas), 149, 700 
pulmonalis {Actinomyces), 901, 923 
pulmonalis {Discomycea), 922 
pulmonalis (Nocardia), 901, 923 
pulmonalis {Oospora), 917, 922 
pulmonalis var. chromogena {Oospora), 
923 

pulmonalis var. chromogenus {Actino¬ 
myces), 923 

pulmonare {Monas), 307 
pulmonis {Murimycea), 1292 
pulmonis I and II {Canomyces), 1292 
pulmonis equi {Zoogloea), 252 
pulmonum {Bacillus), 612 
pulmonum {Sarcina), 291, 293 
pulpae pyogenes {Bacillus), 666 
pultiformis {Micrococcus), 272 
pulviforme {Mycobacterium), 882 


pumilus (Bacillus), 709, 712, 744 
puncta (Saprospira), 1064 
punctans sulfureum {Bacterium), 610 
punctata {Beggiatoa), 992 
punctatum {Achromobacter), 102 
punctatum {Bacterium), 102, 324 
punctatum {Nitrobacter), 76 
punctatua {Bacillus), 102, 666 
punctatus {Micrococcics), 272 
puncticulatus {Bacillus), 666 
punctiformis {Bacillus), 752 
punctulans {Bacterium), 113 
punctum {Bacillus), 685 
punctum {Bacterium), 685 
punctum {Monas), 685 
puntonii {Actinomyces), 917 
puntonii {Asteroides), 917 
Pupella, 5 

ourifaciens {Bacterium), 557 
purifaciens {Pasteurella), 557 
puris {Pseudomonas), 700 
purpeochromogenus {Actinomyces), 943 
purpeochromogcnus (Streptomyces), 943 
purpureus {Actinomyces), 917, 973 
pur purifaciens {Micrococcus), 272 
purpurum {Bacterium), 552 
purulentus {Corynebacterium), 391 
pusilla (Cellulomonos), 621 
pusilla {Cristispira), 1057 
pusilla {Spirochaeta), 1057 
pusilua {Bacillus), 621 
puaiolum {Bacterium), 145 
pustulatus {Micrococcus), 272 
putatus {Micrococcus), 696 
putida (Pseudomonas), 98 
putida {Ristella), 575 
putidum {Bacterium), 96, 685 
putidum {Corynebacterium), 405 
putidus {Bacillus), 96, 575, 666, 667 
putidua splendens {Bacillus), 613 
putneua {Micrococcus), 696 
putorii (Actinomyces), 973 
putorii {Streptothrix), 973 
putoriorum {Hemophilus), 589 
putredinis {Bacillus), 575, 640 
putredinis (Bacterium), 640 
putredinis (Ristella), 575 
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putrvfancfis {Achromohacier)^ 09 
putiefariens iAcuformis), 802 
putrcfacivns {Bacillus), 802 
putrofa<*h*ns (Clostridium), 802 
putnfacien$ (Palniula), 802 
putrofaciens (Pseudomonas), 99 
putrefaciem (Streptococcus), 343 
pul refar tens put rid us (Bacillus), 477 
Pulrihnnllus, 8, 703 
Putnclostridunn, 11, 703 
putrida (Pseudomonas), 94 
pulridogcncs (Act mom pecs), 921 
putridogenes (Claduthrix), 921 
putridogenes (Xocardia), 921 
putridogenes (Oospira), 921 
putridus (}ficrocnccus), 272 
put rid us (Streptococcus), 329 
putrid us (Vihrio), 205 
puirijica (Pacinia), 71)9 
putnficum (Plectridium), 790 
pulnficum var. Untopulrcscens (Plectnd- 
ium),7% 

Putnjlcus. 11, 20, 22, 763 
putrifirus (Bacillus), 799, 800 
putnficus (Clostridium), 799 
putrificus (Staphylococcus), 282 
putnficus (Streptococcus), 329 
putrificus coagulans (Bacillus), 816 
putnficus colt (Bacillus), 727, 737, 799, 
800 

putrificus filnmentosus (Bacillus), 800 
putrificus immobilis (Bacillus), 813, S17 
putrificus ovalaris (Bacillus), 790 
putrificus tenuis (Bacillus), 787, 826 
putrificus var. non liguefactens (Ba¬ 
cillus), 816 

putrificus verrucosus (Bacillus), 782, 825 
pyaemiae cuniculorum (Micrococcus), 271 
pyaemicum (Bacterium), 685 
pycnotica (Hydrogenomonas), 752 
pycnoticus (Bacillus), 752 
pyelonephritis bourn (Bacillus), 388 
pygniaeum (Clostridium), 821 
pygmaeus (Micrococcus), 272 
pylori (Bacillus), 416, 666 
pyocinnabareum (Bacterium), 685 
pyocinnabareus (Bacillus), 685 


Pyococcus, 235 

pyocyanea (Pseudomonas), 7, 89 
pyocyaneum (Bacteriiwi), 89 
pyocyaneus {Bacillus), 89, 146 
pyocyaneus (Micrococcus), 89, 272 
pyocyaneus saccharum (Bacillus), 121 
pyoyenes (Actinomyces), 934, 973 
pyogenes (Albococcus), 242 
pyogenes {Bacillus), 388, 666 
pyogenes (Bacterium), 388, 534, 685 
pyogenes (Bactcroides), 57\) 
pyogenes (Castellonus), 534 
pyogenes (Corynehactcrium), 388, 391, 
401, 401, 405, 694 
pyogenes (Biplococcus), 343 
pyogenes (Eberthella), 534 
pyogenes (Lankoidts), 534 
pyogenes (Micrococcus), 241, 242, 343 
pyogenes (Spherophorus), 579 
pyogenes (Spirillum), 206, 217 
pyogenes (Spiiochaeta), 217 
pyogenes (Staphylococcus), 241 
pyogenes (Streptococcus), 312, 315, 316, 
318, 333, 338, 339, 340, 342, 343, 344, 345 
pyogenes (Siieplothnx), 934, 973 
pyogenes (Treponema), 217 
pyogmes (Vibrio), 206 
pyogenes var. albus (Micrococcus), 242, 
259 

pyogenes var. aureus (Micrococcus), 241, 
271, 284 

pyogenes var liquejaciens (Bacillus), 666 
pyogenes var. scarlalinac (Streptococcus), 
315 

pyogenes albus (Staphylococcus), 242 
pyogenes albus (Tvtracoccus (Micro¬ 
coccus)}, 242 

pyogenes anaerobius (Bacillus), 579, 685 
pyogenes anaerobius (Bacterium), 685 
pyogenes animalis (Streptococcus), 316 
pyogenes aureus (Staphylococcus), 211 
pyoyenes aurcMs (Tetracoccus) (Micro¬ 
coccus), 241 

pyogenes bans (Bacillus), 388, 405, 666 
pyogenes bocis (Corynehactcrium), 388, 
405 

pyogenes hovis (Euhacterium), 405 
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pyog-race 


pyogenes hovie (Staphylococcus), 264, 281, 
701 

pyogenes bovis (Streptococcus), 343 
pyogenes citreus (Micrococcus), 242 
pyogenes citreus (Staphylococcus), 242 
pyogenes crassus (Bacillus), 652 
pyogenes crassus (Bacterium), 652 
pyogenes cuniculi (Bacillus), 403 
pyogenes cuniculi (Leptolhrix), 366 
pyogenes duodenalis (Streptococcus), 702 
pyogenes (equi) Corynebacterium, 391 
(pyogenes) equi roseum (Corynebacte¬ 
rium), 391 

pyogenes equi (Streptococcus), 317 
pyogenes filiformis (Bacillus (Lepto- 
thrixt)), 366 

pyogenes floccosus (Streptobacillus), 579 
pyogenes foetidus (Bacillus), 534, 817 
pyogenes Joetidus (Bacterium), 534 
pyogenes foetidus liquefaciens (Bacillus), 
656,666 

pyogenes foetidus liquefaciens (Bacter¬ 
ium), 656, 666 

pyogenes gingivae (Bacillus), 657 
pyogenes haemolyticus (Streptococcus), Z15 
pyogenes hominis (Streptococcus), 343 
pyogenes lentus (Streptococcus), 341 
pyogenes liquefaciens albus (Staphylo¬ 
coccus), 282 

pyogenes malignus (Streptococcus), 341 
pyogenes minutissimum (Bacterium), 607 
pyogenes mtnutissimus (Bacillus), 607 
pyogenes nonhaemolyticus (Streptococ¬ 
cus), 343 

pyogenes salivarius (Staphylococcus), 258 
pyogenes sanguinarium (Bacterium), 520 
pyogenes soli (Bacillus),^ 
pyogenes suis (Bacillus), 388 
pyogenes suis (Bacterium), 388 
pyogenes tenuis (Micrococcus), 306, 307 
pyogenes tenuis (Staphylococcus), 282 
pyogenes ureae (Streptococcus), 344 
pyogenes vulgaris (Streptococcus), 345 
pyorrhoeica (Spirochaeta), 1069 
pyoseptica (Serratia), 484 
pyosepticum (Bacterium), 541 


pyosepticum equi (Bacterium), 541 
pyosepticum viscosum (Bacterium), 541 
pyosepticum (viscosum) equi (Bacterium), 
541 

pyosepticus (Bacillus)^ 541 
pyosepticus (Erythrobacillus), 10, 484 
pyoseptic us (Micrococc us ), 272 
pyosepticus (Staphylococcus), 272 
pyrameis I and JI (Bacillus), 666 
pyraustae Xos, 1-7 (Bacterium), 685 
pyrenei (Bacillus), 761 
pyrenei No. 1, No. 2 and No. 3 (Bac¬ 
terium), 761 
pyri (Bacterium), 640 
pyri (Marmor), 1211 
pyri (Rimocortius), 1211 
pyriformts (Myxococcus), 1041 
pyrogenes (Leptospira), 1079 
pyrogenes (Spirochaeta), 1079 
pyrphoron (Heliconema), 1064 

quadrigeminus (Micrococcus), 273 
quadrigeminus (Staphylococcus), 273 
qualis (Bacterium),603 
quarta (Fractilinea), 1161 
quartum (Eubacterium), 367 
quartum (Marmor), 1161 
quaternus (Micrococcus), 273 
queenslandiensis (Galla), 1158 
quercifohum (Bacterium), 752 
quercifolius (Bacillus), 752 
querquedulae (Treponema), 1076 
quintana (Fossilis), 1094 
quintana (Rickettsia), 1094, 1095 
quintum (Eubacterium), 367 

raabi (Terminosporus), 823 
rabida (Pacinia), 696 
rabiei (Encephalitozoon), 1264 
Rabula, 1284 

racemosa (Leptothrix), 366 
racemosa (Leptotrichia), 366 
racemosa (Zettnoma), 603 
racemosa vincenti (Leptothrix), 366 
racemosum (Bacterium), 608 
racemosum (Flavobacterium), 603 
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radians (Bactllns), 667,710 
radiata (Cornilia)^ 799 
radiata {Nocardia)^ 973 
radiata {Sarcina)^ 293 
radiatum {Bacierivm), 685, 761 
radiatum (Flavobacierium) y 441 
radiatus (Actinomyces) y 973 
radiatus (Bacillns)f 441, 613, 662, 799, 
826 

radiatus (Micrococcus)y 273 
radiatus (Streptococcus) y 273, 343 
radiatus (Streptothrix) y 973 
radiatus anaerobius (Bacillus)y 799 
radiatus aquatilis (Bacillus) y 441, 613 
radiatus aquatilis (Bacterium) y 613 
radicicola (Bacillus) y 43, 224, 225 
radicicola (Bacterium) y 224, 225 
radicicola (Pseudomonas) y 225 
radicicola (Rhizomonas) y 225 
radicicola var. liquefaciens (Bacillus)y 
650 

radicicolum (Rhizohium)y 225 
radiciperda (Bacterium) y 141 
radiciperda (Phytomonas) y 141 
radiciperda (PseadDmonas), 141 
radicosum (Bacterium)y 718 
radicosus (Bacilhis)y 718 
radiiformis (Bacillus), 566 
radiobacter (Achromobacter)y 229 
radiobacter (Agrobacterium), 229 , 230 
radiobacter (Alcaligenes) y 229 
radiobacter (Bacillus) y 229 
radiobacter (Bacterium) y 229 
radiobacter (Rhizobium)y 229 
radiosus (Micrococcus) y 273 
raffinolactis (Streptococcus), 325 
raflinosaceum (Propionibacterium), 377 
raillieti (Spirochaeta), 1069 
Hamibacterium, 33, 34, 368 
ramificans (Bacillus) y 667 
ramificans (Bacterium), 685 
ramigera (Zoogloea), 160 
ramosa (Cladothrix), 983 
ramosa (Nevskia), 830 
ramosa (Nocardia)y 368 
ramosa (Pasteuria), 836 
ramosoides (Bacillus), 369 


ramosoides (Ramibacterium), 369 
ramosum (Pseudorhizobium), 225 
ramosum (Ramibacterium), 368 
ramosus (Actinomyces), 368 
ramosus (Bacillus), 368, 718, 801, 827 
ramosus (Fusiformis), 369 
ramosus liquefaciens (Bacillus), 715 
ranae (Mycobacterium), 883, 884 , 885, 
886, 887 

ranarum (Bartonella), 1108 

ranarum (Haemobartonella), 1108 

ranarum (Spirockaeta), 1069 

raiicens (Acetobacter), 180, 182 , 184, 692 

rancens (Bacillus), 182 

rancens (Bacterium), 182 

rancens (Ulvina), 692 

rangiferinum (Bacterium), 685 

rangiferinum (Plocamobacterium), 685 

rangoon (Actinomyces), 911 

rangoonensis (Nocardia), 911 

ranicida (Bacillus), 102 

ranicida (Bacterium), 102 

ranicida (Salmonella), 532 

ranicola I ami II (Mycobacterium), 890 

ranicida (Vibrio), 206 

raphani (Marnior), 1200 

rappini (Spirillum), 217 

rarereperlus (Bacillus), 752 

rarus (Bacillus), 752 

rasmusseni (Bacillus), 367 

rasmusseni (Bacteriopsis), 367 

Rasmussenia, 365 

rathay (Bacterium), 394 

rathayi (Aplanobacter), 394 

rathayi (Corynebacterium), 394 , 400 

rathayi (Phytomonas), 394 

rathonis (Achromobacter), 104 

rathonis (Pseudomonas), 104 

ratti (Streptothrix), 588, 972 

raveneli (Bacillus), 426 

ravenelii (Achromobacter), 426 

reading (Salmonella), 504 

readingensis (Salmonella), 493, 504 

reading var. kaapstad (Salmonella), 505 

rebellis (Neisseria), 301 

Recordillus, 11, 763 

recta (Spirochaeta), 1069 
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rect-rett 


rectale (Euhacterium), 367 
rectalia (Bacieroidea), 367 
rectangulare (Sideroderma) ^ 835 
recti (Alcaligenes), 416 
recti {Bacterium), 415 
recti phyaeteria {Spirillum), 217 
recticolena {Proieua), 491 
rectum {Treponema), 1069 
rectum {Hiblerillua), 822 
rectua {Inflabilia), 822 
recuperatua {Bacillus), 667 
recuperatua {Bacterium), 667 
recurrens (Scelus), 1236 
recurrentis (Borrelia), 1069, 1060, 1061, 
1062, 1065, 1067, 1069 
recurrentis {Cacospira), 1059 
recurrentis {Protomycetum), 1059 
recurrentis {Spirillum), 1059 
recurrentis {Spirochaeta), 1059 
recurrentis {Spironema), 1059 
recurrentis {Spiroschaudinnia), 1059 
recurrentis {Treponema), 1059 
reducans (Agarbacterium), 629 
reductans {Thermobacillus), 731 
reessii {Micrococcus), 273 
refractana {Achromobacter), 426 
refractana {Bacillus), 426 
refractana {Bacterium), 42Q 
refringens (Borrelia), 1063 
refringens {Spirochaeta), 1063 
refringens {Spironema), 1063 
refringens {Spiroschaudinnia), 1063 
refringens {Treponema), 1063 
regaudi {Spirella), 1069 
regaudi {Spirochaeta), 1069 
Reglillua, 11, 763 
regulare (Clostridium), 786 
regularia (Micrococcus), 273 
regularia JUiformia {Bacillus), 792 
reitenhachii (Lampropedia), 844 
reitenbachii {Merismopedium), 844 
reitenbachii (Pediococcus), 844 
reitenbachii {Sarcina), 844 
renale {Bacillus), 405 
renale {Bacterium), 388, 405 
renale (Corynebacterium), 388, 389 
renale (euniculi) {Bacillus), 404, 405 


renale {cunicvXi) {Bacterium), 405 
renale cuniculi {Corynebacterium), 388, 
405 

renalis {Bacillus), 388 
renalia bovia {Bacillus), 388 
renalis bovia {Corynebacterium), 388 
reniforme {Bacterium), 817 
reniformia {Bacillua), 817 
reniformis {Diplococcua), 300 
reniformia (MicrococciLs), 300 
reniformis (Neisseria), 300 
renis {Sarcina), 294 
repacis {Spirochaete), 1070 
repazii {Bacillus), 667 
repena {Achorion), 921 
repens {Actinomyces), 921 
repens {Bacillus), 752 
repena (Bacterium), 685 
repena {Epidermophyton), 921 
repena {Lepocolla), 921 
repens (Marmor), 1189, 1192 
repena (Nocardia), 921 
reprimens (Borrelina), 1226 
reprimens (Morsus), 1154 
reptans {Bacillus), 752 
reptans {Granulobacter), 822 
reptilia {Treponema), 1076 
reptilivorous (Pseudomonas), 92 
resinacea {Pseudomonas), 179 
resinaceua {Micrococcus), 273 
restatus {Thermobacillus), 732 
restrictus {Proactinomyces), 923 
retaneus {Bacillus), 752 
reticulare {Achromobacter), 426 
reticularis {Bacillus), 426 
reticularis {Cladothrix), 983 
reticularis {Sphaerotilua), 983 
reticuli {Actinomyces), 944 
reticuli (Streptomyces), 944 
reticulosa {Gallionella), 832 
reticulus {Actinomyces), 945 
reticulus-ruber {Actinomyces), 945 
retiformans {Bacterium), 685 
retiformis {Bacillus), 752 
rettgeri {Bacillus), 489 
rettgeri {Bacterium), 489 
rettgeri (Butyribacterium), 380 
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reitgeri (Eherihella)^ 489 
rettgeri (Proteus), 489 
reitgeri (Shigella) ^ 489 
Hhabdochromaiiumy 7, 16, 853 
Hhabdomonas, 6, 23, 26, 863 
Rhagadaecia, 13, 705 
rhamnoticua (Bacillus), 772, 824 
rhapontica (Erwinia), 475 
rhaponlica (Phylomonas), 475 
rhaponiicum (Aplanobacler), 475 
rhaponticum (Bacterium), 475 
rhenanua (Albococcua), 273 
rhcnanus (Bacillus), 433 
rhenanus (Flavobacteriuin), 433 
rhenanua (.\ficrococcua), 273 
rheni (Bacillus), 433 
rhini (Micrococcus), 273 
rhesi (Grahamella), 1111 
rheumaticus (Diplococcus), 343 
rheumaticiis (Micrococcus), 343 
rheumaticus (Streptococcus), 343 
rhinitis (Bacillus), 578 
rhinitis (Zuberella), 578 
rhinitis atrophicans (Bacillus), 667 
rhinitis atrophicans (Bacterium), 667 
rhinoceri (Treponema), 1076 
rhinopharyngeum (Treponema), 1076 
rhinoscleromatis (Bacillus), 459 
rhinoscleromalis (Bacterium), 459 
rhinoscleromatis (Klebsiella), 459 
Rhizobacterium, 223 

Khizobium, 17, 20, 26, 29, 31, 223 , 224 
rhizoctonia (Aplanobacier), 129 
rhizoctonia (Bacterium), 129 
rhizoctonia (Phytomonas), 129 
rhizoctonia (Pseudomonas), 129 
rhizogenes (Agrobactcriurn), 228 , 229 
rhizogenes (Bacterium), 228 
rhizogenes (Phytomonas), 228 
rhizogenes (Pseudomonas), 228 
Rhizomonas, 8, 223 
rhizopodicum (Bacterium), 685 
rhizopodicus margarineus (Bacillus), 685 
rhodnii (Actinomyces), 914 
rhodnii (NocarJia), 914 
Rhodobacillus, 16, 24, 25, 861 
Rhodobacterium, 16, 24, 26, 861 


Rhodocapaa, 16, 23, 25, 853 
rhodochrous (Bacillus), 696 
rhodochroua (Bacterium), 696 
rhodochrous (Micrococcus), 245 , 696 
rhodochrous (Rhodococcus), 8, 245 
Rhodococcus, 8, 16, 25, 29, 31, 34, 235, 
861 

Rhodocystis, 16, 24, 26,861 
Rhododictyon, 8, 845 
rhodomelae (Bacterium), 626 
rhodomelae (Flavobacterium), 626 
Rhodomonas, 8, 29, 30, 856, 861 
Rhodonostoc, 16, 24, 25, 861 
Rhodopolycoccus, 8, 850 
Rhodopseudomonas, 861 , 864 
Rhodopseudomonas Xo, 9 and i6, 862, 
863 

Rhodorrhagus, 861 
Rhodosarcina, 8,842 
Rhodosphaera, 24, 861 
RhodospirilJum, 16, 24, 25, 29, 853, 866 
Rhodothece, 16, 23 , 25, 855 
Rhodothiosarcina, 842 
Rhodothiospirilium, 850 
Rhodovibrw, 16, 24, 25, 2<), 861 
rhusiopathiae (Bacterium), 410 
rhusiopathiae (Erj^sipelothrix), 410 
rhusiopathiae (Mycobacterium), 410 
rhusiopathiae suis (Bacillus), 410 
f husiopathiae suis (Bacterium), 410 
rhytidosporum (Sfilbum), 1037 
ribberti (Bacterium), 402 
ribeyro (Actinomyces), 917 
nbis (Acrogenus), 1203 
riboflavinus (Pseudomonas), 700 
richmond (Salmonella), 512 
ricini (Bacterium), 161 
ricini (Phytomonas), 137 
ricini (Xanthomonas), 161 
ricinicola (Bacterium), 161 
ricinicola (Phytomonas), 161 
ricinicola (Xanthomonas), 161 , 1136 
rickettsi (Dermacentroxenus), 1087 
Rickettsia, 37, 1084 

rickettsii (Rickettsia), 1087 , 1088, 1089, 
1090, 1096 
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rick-fose 


rickeitai var. braailiensia (Dermacentro- 
xenua)f 1087 

rickeitai var. conori {Dermacentroxenua) ^ 
1088 

rickeitai var. pijperi (I)ermacentroxenua)^ 
1088 

ricketiaiformia (Bacillua), 1098 
Ricketiaoidea^ 1092 
ridleyi {Micrococcua)^ 273 
rigense (Flavobacterium), 430 
rigenaia (Vibrio), 206 
rigidum (Treponema), 1076 
rigidua (Bacillua), 575 
rigidua (Bacteroidea), 575 
rigidua apia (Bacillua), 667 
rimaefaciens (Pseudomonas), 123 
Rimocortius, 1208 , 1209 
rindfleiachii (Birepiococcua), 343 
Ristclla, 32, 33, 34, 676 , 577 
rivierei (Aciinomycea), 921 
rivierei (Diacomycea), 921 
rivierei (Socardia), 921 
rivierei (Ooapora), 921 
Rivollillua, 11, 763 
Roberiaomilua, 11, 763 
robiniae (Chlorogenus), 1160 
robustus (Hacillus), 732 , 752 
robur (Bacillus), 716 
rochalimae (Rickettsia), 1096, 1097 
rocha-litnai (Bartonella), 1108 
rochadimai (Haemobartonella), 1108 
rodellae (Actinomyces), 917 
rodeniium (Coryhebaclerium), 550 
rodonatum (Achromobacler), 426 
rodonaiua (Bacillus), 426 
rodonaiua (Bacterium), 426 
rogerii (Bacillus), 667 
rogersi (Discomyces), 976 
rogerai (Nocardia), 976 
rogersi (Xocardia) (Cohniaireptoihrix), 
976 

rogersii (Actinomyces), 976 
rosacea (Pseudomonas), 148 
rosacea (Sarcina), 293 
rosaceum (Bacterium), 667 
rosaceus (Actinomyces), 973 • 
rosaceua (Bacillus), 667 


roaaceua (Micrococcus), 273 
rosaceua (Rhodococeua), 273 
roaaceua lactia (Micrococcus), 213 
roaaceua margarinicua (Bacillus), 667 
roaaceua metalloidea (Bacillus), 148, 667 
roaaceua metalloidea (Bacterium), 148, 
667 

ros^ (Marmor), 1194 
roaafluoreacena (Bacillus), 601 
roaafluoreacena (Bacterium), 601 
roacidur (Micrococcus), 261 
roacidus (Micrococcus), 273 
rosea (Bactoderma), 76 
rosea (Lampropedia), 843 
rosea (Meriamopedia), 244 
rosea (Microloa), 845 
roaea (Neisseria), 244 
rosea (Nocardia), 937 
roaea (Pseudomonas), 149, 854 
rosea (Rhabdomonas), 854 , 855 
roaea (Rhodothioaarcina), 843 
roaea (Sarcina), 293, 842 
roaea (Serratia), 602 
rosea (Thiopedia), 843 
rosea (Thiosarcina), 842 
roaenbachi (Discomyces), 411 
rosenbachi (Nocardia), 411 
roaenbachi (Ooapora), 411 
ruaenbachii (Actinomyces), 411 
rosenbachii (Micrococcus), 307 
roaenbachii (Streptothrix), 411 
roaenbergii (Spirillum), 852 
rosenbergii (Thiospirillum), 862 
roaenthalii (Bacillus), 667 
roseo-alba (Serratia), 76 
roaeo-album (Nitrobacter), 76 
roseochromogenus (Actinomyces), 937 
roseochromogenus (Streptomyces), 937 
roaeodiaataticua (Actinomyces), 939, 973 
roseofulvus (Micrococcus), 244, 282 
roaeofulvus (Rhodococeua), 244 
roseola (Pseudomonas), 700 
roaeo-persicina (Beggiatoa), 289, 853, 
854 

roaeo-persicina (Clathrocystis), 848 
roaeo-persicina (Cohnia), 848 
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roseopersicina (Lamprocystis), 859 
ro9eo-per9icina (Planosardna), 848 
roseopersicina (Thiocapsa), 846 
roseo-peraiciniia {Micrococcus), 273 
TOseO‘persicinus (Pleurococcua), 848 
roseo-persidnus (Protococcus), 848 
rosettacsus (Micrococcus), 274 
rosettae (Carpophthora), 1162 
roseitas (Chlorogenus), 1152 
rosettae (Nanus), 1152 
roseiim (Acetobacter), 188 » 184 
roseum (Amoebobacter), 849 
roseum (Bacterium), 685 
roseum (Clostridium), 806 
roseum (Halibacterium), 667 
roseum (Pelochromatium), 859 
roseum (Rhabdochromatium), 854 
roseum (Thioderma), 849, 858 
roseus (Actinomyces), 937, 973 
roseus (Badllus), 667, 685, 709‘ 
roseus (Cryptococcus), 848 
roseus (Diplococcus), 244 
roseus (Discomyces), 973 
roseus (Oluconoacetohacter), 694 
roseus (Micrococcus), 244 , 255, 258, 259, 
262, 263, 266, 271, 273, 274, 276, 277, 
279, 282 

roseus (Pediococcus), 843 

roseus (Planococcus), 843 

roseus (Rhodococcus), 8, 244 

roseus (Sphaerotilus), 983 

roseus (Staphylococcus), 282 

roseus fischeri (Badllus), 667 

roseus Jluorescens (Badllus), 645 

roseus vini (Badllus), 149 

Tosd (Borrelia), 1060 

rossi (Spirochaata), 1060 

rossi (Treponema), 1060 

rossica (Cellulomonas), 618, 622 

rossicus (Badllus), 622 

rossicus var. castaneus (Bacillus), 622 

rossii (Endosporus), 803 

rossii (Spiroschaudinnia), 1060 

rostockends (Salmonella), 493, 518 

rotans (Badllus), 728 

rvbea (Nocardia), 976 

rvbefaciens (Badllus), 640 


rubefaciens (Bacterium), 640 
ruhefaciens (Chromobacterium), 640 
rubefadens (Erythrobadllus), 640 
rubefaciens (Phytomonas), 640 
rubefaciens (Serratia), 640 
rubellum (Clostridium), 817 
rubellus (Badllus), 817 
rubellus (Micrococcus), 274 
rubens (Micrococcus), 244 
rubentschickii (Desufovibrio), 208 
rubentschickii (Vibrio), 208 
rubeolae (Diplococcus), 310 
ruber (Actinomyces), 917, 946 
ruber (Badllus), 481, 484, 752 
ruber (Chromobacterium), 762 
ruber (Discomyces), 917 
ruber (Erythrobadllus), 481, 752 
ruber (Micrococcus), 244, 850 
ruber (Mycococcus), 891 
ruber (Myxococcus), 1041 
ruber (Proactinomyces), 905 
ruber (Rhodococcus), 244 
ruber (Streptococcus), 343 
ruber (Streptomyces), 946 
ruber (Thermobacillus), 734 
ruber (Thiopolycoccus), 860 
ruber aquatilis (Bacillus), 667 
ruber aquatilis (Bacterium), (>67 
ruber balticus (Badllus), ^2, 483 
ruber balticus (Bacterium), 482, 483 
ruber berolinensis (Bacillus), 650 
ruber berolinensis (Bacterium), 650 
ruber indicus (Bcdllus), 481 
ruber indicus (Bacterium), 481 
ruber ovatus (Badllus), 683 
ruber sardinae (Bacillus), 483 
ruber sardinae (Bacterium), 483 
rubescens (Badllus), 664, 667 
rubescens (Bacterium), 667, 848 
rubescens (Lankasteron), 848 
rubescens (Micrococcus), 244, 277 
rubescens (Myxococcm), 1041 
rubescens (Streptomyces), 966 
rubescens (Streptothrix), 956 
rubi (Agrobacterium), 229 
rubi (Bacterium), 229 
rubi (Corium), 1206 
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rubi (Marmor), 1196 
rubi {Phytomonas), 229 
rubi (Pseudomonas) f 229 
rubi var. beta (Corium)^ 1205 
rubicola (Pseudomonas) ^ 700 
rubicundus (Vibrio), 206 
rubida (Serraiia), 641 
rubidaea (Serratia), 484 
rubidaeum (Bacterium), 484 
rubidaureus (Actinomyces), 917 
rubiduin (Bacterium), 641 
rubidus (Bacillus), 641 
rubidus lactis (Micrococcus), 274 
rubiformis (Bacillus), 667 
rubigenosum (Bacterium), 685 
rubigenosus (Bacillus), 685 
rubigenosus (Micrococcus), 274 
rubiginosum (Marmor), 1196 
rubiginosus (Bacillus), 667 
rubiginosus (Streptococcus), 274, 343 
rubislaw (Salmonella), 526 
ruboris suis (Bacillus), 410 
ruborum (Corium), 1206 
rubra (Cladothrix), 917 
rubra (Cytophaga), 1013 
rubra (Nocardia), 893, 906, 917 
rubra (Oospora), 976 
rubra (Sarcina), 293 
rubra (Serratia), 752 
rubra (Streplothrix), 904, 917 
rubri var. alpha (Corium), 1205 
rubrica (Serratia), 644 
rubricum (Chromobacterium), 644 
rubricus (Bacillus), 644 
rubricus (Erythrobacillus), 644 
rubrilineans (Bacterium), 154 
rubrilineans (Phytomonas), 154 
rubrilineans (Pseudomonas), 154 
rubrilineans (Xanthomotias), 164 
rubrireticuli (Streptomyces), 946 
rubrisubalbricans (Bacterium), 170 
rubrisubalbicans (Phytomonas), 170 
rubrisubalbicans (Xanthomonas), 170 
rubrofuscum (Halibacterium), 667 
rubrofuscus (Bacillus), 667 
rubropertincta (Nocardia), 904 
rubropertincla (Serratia), 905 


rubropertirvctus (Bacillus), 392, 904 
rvbropertinctus (Mycobacterium), 904 
rubropertinctus (Proactins)myces), 904 
rubrum (Bacillus), 685 
rubrum^Bacterium), 685, 686, 905 
rubrum (Mycobacterium), 890, 905 
rubrum (Plocamobacterium), 691 
rubrum (Propionibacterium), 874, 375, 
377 

rubrum (Protaminobacter), 190 

rubrum (Rhodospirillum), 853, 667, 868 

rubrum (Semiclostridium), 762 

rubrum (Spirillum), 632, 867 

rubrum (Thioderma), 850 

rubus (Bacillus), 667 

rudensis (Bacillus), 357, 359 

rudensis (Lactobasillus), 359 

rudis (Bacillus), 744 

ruedigeri (Bacillus), 406 

ruedigeri (Corynebacterium), 405 

rufa (Serratia), 644 

rufa (Thiocystis), 847 

rufescens (Bacillus), 739, 752 

rufulus (Bacillus), 752 

rufum (Spirillum), 852 

rufum (Thiospirillum), 862 

rufus (Bacillus), 644 

rujus (Erythrobacillus), 644 

Ruga, 1218 

rugatus (Micrococcus), 274 
rugosa (Pseudomonas), 104, 700 
rugosum (Achromobacter), 426 
rugosum (Bacterium), 426, 700, 758 
rugosus (Bacillus), 104, 426, 752 
rugosus (Micrococcus), 274 
rugosus (Streptococcus), 343 
rugosus ureae (Streptococcus), 343 
rugula (Spirillum), 217 
rugula (Vibrio), 217 
rugulosus (Bacillus), 752 
ruminantium (Cowdria), 1094 
ruminantium (Hemophilus), 591 
ruminantium (Micrococcus), 274 
ruminantium (Rickettsia), 1094 
ruminantium (Rickettsia) (Cowdria), 1094 
rumindtus (Bacillus), 714, 761 
rumpel (Vibrio), 703 
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rushmorei (Micrococcus), 274 
russii (Bacteroides)^ 580 
rusiicum (Bacterium), 761 
rutgersensis (Actinomyces), 952 
rutgersensis (Streptomyces), 952 
rutilescens (BocUIils), 485 
rutilescens (Erythrohacillus), 485 
rutilescens (Serraiia), 485 
rutilis (Bacillus), 485 
rutilis (Erythrohacillus), 485 
rutilis (Serratia), 485 

sahouraudi (Bacillus), 387 
saccatus (Micrococcus), 275 
sacchari (Bacillus), 163, 478, 753 
sacchari (Erwinia), 478 
sacchari (Marmor), 1183 
sacchari (Nanus), 1208 
sacchariphilum (Bacterium), 762 
saccharo-acetohutylicum (Clostridium), 
781, 825 

saccharo-acetobutylicum-alpha (Clostrid¬ 
ium), 781, 825 

saccharo-acetobutylicum-beta (Clostrid¬ 
ium), 781, 825 

saccharo-aceiobutylicum -gamma (Clostrid¬ 
ium), 781 

Saccharobacillus, 349 
Saccharohacter, 705 
Saccharobacterium, 623 
saccharobutyl - acetonicum (Clostridium), 
781, 825 

saccharobutylicum beta (Clostridium), 
781 

saccharobutylicum gamma (Clostridium), 
781,825 

saccharobutyl - isopropyl - acetonicum 
(Clostridium), 781 

saccharobutyricum (Clostridium), 771, 
824 

saccharobutyricum (Granulobacter), 771, 
824 

saccharobutyricum gamma (Clostridium), 
781 

saccharobutyricum liquefaciens (Clostrid¬ 
ium), 790 


saccharobuiyricus (Amylobacter), 771 
saccharobutyricus (Bacillus), 771, 786, 
824 

saccharobutyricus immobilis liquefaciens 
(Granulobacillus), 790, 826 
saccharobuiyricus immobile nonliquefa- 
ciens (Granulobacter), 772, 824 
saccharobuiyricus liquefaciens (Bacillus), 
781, 825 

saccharobutyricus mobilis (Bacillus), 771 
saccharobuiyricus mobilis non-liquefa- 
dens (Granulobacillus), 771, 824 
saccharofermentans (Bacillus), 817 
saccharogenes (Bacillus), 817 
saccharolactis (Streptococcus), 325 
sa^charolytica (Botulinea), 22 
saccharolyticum (Clostridium), 786 
saccharolyticus (Bacillus), 753 
saccharopetum (Clostridium), 772, 824 
saccharophile (Pseudomonas) (Hydro- 
genomonas), 149 

saccharophilicum (Clostridium), 772, 824 
saccharopostulatum (Clostridium), 772, 
824 

saccharum (Bacillus), 478 
saccobranchi (Bacillus), 753 
sadowa (Myerillus), 823 
saharae (Actinomyces), 973 
saint paul (Salmonella), 504 
saipan (Salmonella), 532 
sake (Lactobacillus), 363 
salicinovorum (Aerobacter), 457 
saliciperda (Bacterium), 144 
saliciperda (Phytomonas), 144 
saliciperda (Pseudomonas), 144 
salicis (Bacterium), 466 
salicis (Erwinia), 466 
salicis (Phytomonas), 466 
salina (Leptospira), 1079 
salinaria (Pseudomonas), 110, 442 
salinaria (Serratia), 110 
salinarium (Flavobacterium) (Halobac- 
terium), 110 

salinatis (Salmonella), 504 
salivae (Bacterium), 686 
salivae minutissimus (Bacillus), 686 
salivae minutissimus (Baeterium), 686 
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Balivalis septicus (Micrococcus) ^ 274 
salivaris (Klebsiella) ^ 306 
salivarium (Bacterium), 307 
salivarius (Micrococcus), 275 
salivarius (Staphylococcus), 282 
salivarius (Streptococcus), 320, 322, 
338, 342 

salivarius brmns (Streptococcus), 343 
salivarius pyogenes (Micrococcus), 258 
salivarius pyogenes (Staphylococcus), 257 
salivarius septicus (Bacillus), 306 
salivarius septicus (Coccus), 275 
salivarius-septicus (Micrococcus), 275 
salivarius septicus felis (Bacillus), 55.3 
salivarius tenuis (Streptococcus), 343 
Salmonella, 10, 17, 21, 26, 31, 37, 43, 461, 
492 , 494 , 508, 516, 523, 530, 531, 552 
Salmonella sp. (Type Aberdeen), 499, 
526 

Salmonella sp. (Type Abony), 495, 602 
Salmonella sp. (Type Adelaide), 500, 630 
Salmonella sp. (Type Altendorf), 495, 

606 

Salmonella sp. (Type Amager), 498, 624 
Salmonella sp. (Type Amersfoort), 496, 

611 

Salmonella sp. (Type Amherst), 407, 615 
Salmonella sp. (Type .\rechavaleta), 
495, 606 

Salmonella sp. (Type Arizona), 462 
Salmonella sp. (Type Ballerup), 500, 

629 

Salmonella sp. (Type Bareilly), 496, 611 
Salmonella sp (Type Berlin) (Type 
Thompson), 610 

Salmonella sp. (Type Berta), 497, 618 
Salmonella sp. (Type Bispebjerj?), 495, 

606 

Salmonella sp. (Type Blepdam), 497, 618 
Salmonella sp. (Type Borbeek), 199, 672 
Salmonella sp. (Type Brnenderup), 496, 

611 

Salmonella sp. (Type Brandenburg), 
495, 606 

Salmonella sp. (Type Bredeney), 496, 

607 


Salmonella sp. (Type Budapest), 495, 

606 

Salmonella sp. (Type Buenos Aires;, 

497, 614 

Salmonella sp. (Type Butantaiu, 499, 
524 

Salmonella sp. (Type California), 495, 
606 

Salmonella sp. (Type Canastel), 49S. 621 
Salmonella sp. (Type Cardiff), 490, 612 
Salmonella sp. (Type Carrau), 5(K), 528 
Salmonella sp. (Type Cerro), 5<H), 629 
Salmonella sp. (Type Champaign), 509, 
630 

Salmonella sp. (Type Chester), 495, 504 
Salmonella sp. (Type Claiborne), 197. 

618 

Salmonella sp. (Type Concord), 496. 512 
Salmonella sp. (Type Cuba), 499, 527 
Salmonella sp. (Type Dar es Salaam i. 

498, 679 

Salmonella sp, (Dar es salaam type var 
from Arizona.), 462 
Salmonella (Type Daytona), 496, 

513 

Salmonella sp. (Type Derby), 495, 505 
Salmonella sp. (Type Dublin), 497. 617 
Salmonella sp. (Type Duesseldorf). 4!)7, 

614 

Salmonella sp. (Type Durban), 497, 519 
Salmonella sp. (Type Eastbourne', 

619 

Salmonella sp. (Type K^son), 495, 506 
Salmonella sp. (Type Florida), 5(X), 528 
Salmonella sp. (Type (laminara), 509. 

629 

Salmonella s^p. (Tyi)e Ciiiliin), 197, 515 
Salmonella sp. (Type (ioorgia), 496, 512 
Salmonella sp. (Ty})e Clive', 49^, 522 
Salmonella sp. (Ty})e (llostrup), 497, 514 
Salmonella sp. (Type Goettingen), 49S, 
520 

Salmonella sp (Typo Grumpv), UK), 627 
Salmonella sp. (Typo Hartford), 4!)6, 

611 

Salmonella sp. (Type Havana), 199, 627 
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Salmonella sp. (Type Heidelberg), 495, 

504 

Saliponella ep. (Type Heves), 499, 528 
Salmonella sp. (Type Hormaeche), 600, 

519 

Salmonella sp. (Type Hvittingfoss), 500, 

688 

Salmonella sp. (Type Illinois), 499, 525 
Salmonella sp. (Type Inf antis), 496, 512 
Salmonella sp. (Type Inverness), 600, 

580 

Salmonella sp. (Type Italia), 498, 622 
Salmonella sp. (Type Java), 498, 520 
Salmonella sp. (Type Kaapstad), 495, 

505 

Salmonella ep. (Type Kaposvar), 495, 
505 

Salmonella sp. (Type Kentucky), 499, 

526 

Salmonella sp. (Type Kirkee), 500, 629 
Salmonella sp. (Type Koln), 495, 603 
Salmonella sp. (Type Kottbus), 497, 613 
Salmonella sp. (Type Lexington), 498, 
524 

Salmonella sp. (Type Litchfield), 497, 

514 

Salmonella sp. (Type Loma Linda), 498, 

582 

Salmonella sp. (Type London), 498, 622 
Salmonella sp. (Type Madelia), 500, 528 
Salmonella sp. (Type Manhattan), 497, 

514 

Salmonella sp. (Type Marseille), 409,526 
Salmonella sp. (Type Meleagris), 498, 

523 

Salmonella sp. (Type Miami), 497, 519 
Salmonella sp. (Type Mikawasima), 
496, 611 

Salmonella sp. (Type Minnesota), 500, 

529 

Salmonella sp. (Type Mississippi), 499, 

527 

Salmonella sp. (Type Montevideo), 496, 

610 

Salmonella sp. (Type Moscow), 497, 518 
Salmonella sp. (Type Muenchen), 497, 

518 


Salmonella sp. (Type Muenster), 498, 

523 

Salmonella sp. (Type Napoli), 498, 522 
Salmonella sp. (Type Narashino), 497, 

514 

Salmonella sp. (Type New Brunswick), 

499, 625 

Salmonella sp. (Type Newington), 499, 

684 

Salmonella sp. (Type Newport), 497, 618 
Salmonella sp. (Type New York), 498, 

522 

Salmonella sp. (Type Niloese), 499, 525 
Salmonella sp. (Type Nyborg), 498, 623 
Salmonella sp. (Type Onarimon), 497, 

619 

Salmonella sp. (Type Onderstepoort), 

500, 528 

Salmonella sp. (Type Oranienburg), 496, 

610 

Salmonella sp. (Type Oregon) ^ 497, 513 
Salmonella sp. (Type Orient), 500, 528 
Salmonella sp. (Type Orion), 499, 524 
Salmonella sp. (Type Oslo), 496, 511 
Salmonella sp. (Type Panama), 498, 619 
Salmonella sp. (Type Papua), 496, 512 
Salmonella sp. (Type Pensacola), 497, 
618 

Salmonella sp. (Type Pomona), 600, 529 
Salmonella sp. (Type Poona), 499, 527 
Salmonella sp. (Type Potsdam), 496, 511 
Salmonella sp. (Type Pretoria), 499, 626 
Salmonella sp. (Type Pueris), 497, 513 
Salmonella ep. (Type Puerto Rico)^ 613 
Salmonella sp. (Type Reading), 495, 604 
Salmonella sp. (Type Richmond), 496, 
512 

Salmonella sp. (Type Rostock), 497, 517 
Salmonella sp. (Type Rubislaw), 499, 

626 

Salmonella sp. (Type St. Lucie), 499, 526 
Salmonella sp. (Type Saint Paul), 496, 

504 

Salmonella sp. (Type Salinas), 495, 504 
Salmonella sp. (Type San Diego), 495, 

504 
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Salmonella sp. (Type Schleissheim), 
496, 507 

Salmonella sp. (Type Schwarzengrund), 
496, 607 

Salmonella sp. (Type Selandia), 499, 526 
Salmonella sp. (Type Sendai), 497, 618 
Salmonella sp. (Type Senegal), 499, 526 
Salmonella sp. (Type Senftenberg), 499, 

526 

Salmonella sp. (Type Shangani), 498, 

524 

Salmonella sp. (Type Simsbury), 499, 

526 

Salmonella sp. (Type Solt), 499, 526 
Salmonella sp. (Type Stanley), 495, 508 
Salmonella sp. (Type Sundsvall), 500,628 
Salmonella sp. (Type Szentes), 500, 529 
Salmonella sp. (Type Taksony), 499, 

525 

Salmonella sp. (Type Tallahassee), 497, 

514 

Salmonella sp. (Type Tel Aviv), 500, 629 
Salmonella sp. (Type Tennessee), 496, 

512 

Salmonella sp. (Type Texas), 495, 506 
Salmonella sp. (Type Thompson), 496, 

510 

Salmonella sp. (Type Uganda), 498, 522 
Salmonella sp, (Type Urbana), 500, 530 
Salmonella sp. (Type Vejle), 498, 523 
Salmonella sp. (Type Venezia), 499, 626 
Salmonella sp. (Type Virchow), 496, 611 
Salmonella sp. (Type Virginia), 497, 515 
Salmonella sp. (Type Weltevreden) 

498, 524 

Salmonella sp. (Type Wichita), 499, 627 
Salmonella sp. (Type Worthington), 

499, 627 

Salmonella sp. (Type Zagreb), 495, 504 
Salmonella sp. (Type Zanzibar), 498, 524 
Salmonella suipestifer (American vari¬ 
ety), 508 

Salmonella euipesiifer (European vari¬ 
ety), 509 

Salmonella thompson var. 6erhn, 510 
Salmonella Typ. Holstein, 531 
Salmonella var. concord, 512 


Salmonella var. orion, 524 
salmonens (Bacillue), 668 
ealmoneue (Bacterium), 668 
solmoni (Bacillus), 508 
salmoni (Pasteurella), 508 
salmonica (Bacterium), 686 
salmonicida (Bacillus), 686 
safmonicida (Bacterium), 671, 686 
salmonicolor (Actinomyces), 973 
salmonicolor (Flavobacterium), 904 
salmonicolor (Mycobacterium), 904 
salmonicolor (Nocardia), 904 
salmonicolor (Proactinomyces), 904 
salopium (Achromobacter), 105 
salopium (Pseudomonas), 106 
salutarius (Bacillus), 668 
salvaii (Actinomyces), 917 
sambharianus (Serratia), 110 
samesii (Planosarcina), 290, 291 
samesii (Sarcina), 291 
sampsonii (Actinomyces), 973 
san diego (Salmonella), 504 
sanfelicei (Actinomyces), 921 
sanfelicei (Bacillus), 821 
sanfelicei (Nocardia), 921 
sanguicole (Inflabilis), 821 
sanguinaria (Eberthella), 520 
sanguinarium (Bacterium), 520 
sanguinea (Ophidiomonas), 852 
sanguineum (Propionibacterium), 379 
sanguineum (Spirillum), 852 
sanguineum (Thiospirillum), 851, 852 
sanguineus (Bacillus), 668 
sanguineus (Streptococcus), 343 
sanguinis (Actinomyces), 973 
sanguinis (Bacterium), 686 
sanguinis (Streptococcus), 343 
sanguinis canis (Streptococcus), 343 
sanguinis typhi (Bacillus), 686 
sanguinis typhi (Bacterium), 686 
sanguis (Streptococcus), 343 
sanii (Grahamella), 1111 
sanninii (Actinomyces), 973 
sanninii (Streptothrix), 934 
santali (Chlorogenus), 1149 
santali (Marmor), 1198 
santiagensis (Bacillus), 753 
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sapolactica (Pseudomonas) ^ 149 
sapolacticiitn (Bacterium)^ 149 
saponaceus (Bacillus)^ 668 
saprogcncs (Bacillus)^ 668, 753, 782, 817 
saprogencs (Bacterium) j 668 
saprogenes (Lactobacillus)^ 363 
saprogenes (Plectridium), 782 
saprogenes (Streptococcus), 344 
saprogenes 1 (Bacillus), 668 
saprogenes ^ (Bacillus), 670 
saprogenes /, 11, III (Bacillus), 753 , 782, 
817 

saprogenes carnis (Bacillus), 782^ 825 
saprogenes intestinalts (Bacillus), 817 
saprogenes vini I (Bacillus), 672 
saprogencs vini II (Bacillus), 672 
saprogenes rtni III (Bacillus), 753 
saprogenes vini IV (Bacillus), 638 
saprogenes vini 1' (Bacillus), 654 
saprogenes vini VI (Bacillus), 668, 753 
saprogenes vim I (Micrococcus), 280 
saprogenes vini II (Micrococcus), 345 
Sapromyces, 1294 

saprophiles (Microspira), 202, 203, 206 
saprophiles (Vibrio), 203 
saprophiles a (Vibrio), 202 
saprophiles (Vibrio), 202 
saprophiles y (Spirillum), 202 
saprophiles y (Vibrio), 202 
saprophytica (Nocardia), 976 
saprophyticus (Actinomyces), 934, 977 
saprophyticus (Bacillus), 817 
saprophyticus (Streptococcus), 337, 344 
saprophyticus var. cromogenus (Actino¬ 
myces), 977 

Saprospira, 19, 20, 26, 28,1054 
saprotoxicum (Clostridium), 817 
saprotoxicus (Bacillus), 817 
sarcemphysemaiodes hominis (Bacillus), 
821 

Sarcina, 13, 14, 15, 17, 19, 21, 25, 27, 

31, 33, 42, 249, 286 
sarcinaeformis (Pediococcus), 250 
sarcinoides (Micrococcus), 274 
sarcinoides (Nitrocystie), 76 
sarcoemphysematodes (Clostridium), 821 


sarcoemphysematodes hominis (Bacillus), 
817 

sarcophysematos (Bacillus), 775, 776 
sarcophysemalos bovis (Bacillus), 775 
sarcophysematos bovis (Clostridium), 775 
sarcophysematosi (Bacillus), 776 
safdinae (Bacillus), 483 
sardiniensis (Clostridium), 821 
sardous (Bacillus), 362 
sardum miciurati (Bacterium), 362 
sarraceriicolus (Bacillus), 668 
sartagoformum (Clostridium), 793 
sartoryi (Actinomyces), 917 
satcllitis (Bacillus), 817 
satcllitis (Inflabilis), 817 
sauromali (Bacterium), 461 
savastanoi (Bacterium), 132 
savastanoi (Phytomonas), 132 
savastanoi (Pseudomonas), 132, 133 
savastanoi var. fraxini (Bacterium), 132 
savastanoi v&r. fraxini (Phytomonas), 132 
savastanoi var. fraxini (Pseudomonas), 
132 

sai^astonoi var. nerii (Pseudomonas), 
132 

Savoia, 1221 

saxicavae (Cnstispira), 1057 
saxteavae (Spirochaeta), 1057 
saxkoebing (Leptospira), 1079 
s. b. e. (Streptococcus), 343 
scaber (Bacillus), 753 
scaber (Tyrothrix), 753 
scabieyena (Krwinia), 478 
scabiegenum (Bacterium), 478 
scabiegenus (Bacillus), 478 
scabies (Actinomyces), 43, 957, 977 
scabies (Oospora), 957 
scabies (Streptomyces), 967 
scanosus (Micrococcus), 275 
scarlatinas (Bacillus), 668 
scarlatinae (Micrococcus), 315 
scarlalinae (Streptococcus), 315 
scarlatinae (Streptus), 14, 315 
scarlatinae (Syzygiococcus), 304 
scarlatinae sanguinis (bxplococcus), 301, 
336 

scarlatinosa (Perroncitoa), 275 
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scarlatino8u$ (Micrococcus) ^ 276 
scarlatinua (Micrococcus) ^ 276 
scatologenes (Bacillus) y 817 
scelestus (Erro), 1251 
Scelus, 1284 

schafferi (Bacillus) y 446, 460 
schafferi (Bacterium), 446, 450 
schafferi (Escherichia), 446, 450 
schaudinni (Planosarcina), 293 
schaudinni (Sarcina), 293 
schaudinni (Spirochaeta), 1063 
Schaudinni (Spiroschaudinnia), 1063 
schaudinni (Treponema), 1063 
Schaudinnum, 12, 13, 706 
scheurleni (Bacillus), 743 
schirokikhi (Bacillus), 754 
schirokikhi (Bacterium), 442 
schirokikhii (Flavobacterium), 442 
schizobacteroides (Nitrosogloea), 73 
schleissheim (Salmonella), 507 
Schlerothrix, 12, 14, 876 
Schmidlea, 870 
schmidlei (Thioploca), 994 
schmidti (Streptococcus), 344 
schmitzii (Bacterium), 636 
schmitzii (Shigella), 536 
schottelii (Bacillus), 753 
schottelii (Bacterium), 753 
shottmuelleri (Salmonella), 62, 495, 601, 
530 

schoUmulleri (Bacillus), 501 
schottmulleri (Bacterium), 501 
schoUmulleri var, alvei (Salmonella), 532 
schroetcri (Sorangium), 1021 
schroeteri (Spirillum), 1054 
schroeteri (Spirochaete), 1054 
Schuetzia, 312 

schuezenbachii (Bacterium), 187 
schuffneri (Bacterium), 686 
schutz (Streptococcus), 317 
schutzenhergii (Bacillus), 691 
schatzenbergii I and H (Urobacillus), 691 
schuylkilliensis (Aerobacillua), 722 
schuylkilliensis (Microspira), 196 
schuylkilliensis (Pseudomonas), 93, 700 
schuylkilliensis (Vibrio), 196 
schuylkilliensis fluorescens (Bacillus), 93 


schwarzenbeck (Streptococcus), 332 
schwarzengrund (Salmonella), 507 
scillearum (Marmor), 1184 
scissa (Pseudomonas), 97, 700 
scissus (Bacillus), 97 
scissus (Bacterium), 700 
seiuri (Haemobartonella), 1107 
sclavoei (Endosporus), 804 
sclavoi (Bacillus), 804 
sclavoi (Clostridium), 804 
scoticus (Bacillus), 668 
scoticus (Erro), 1248 
secales (Bacillus), 457 
secretum (Marmor), 1198 
secundarius (Phagus), 1132 
secundum (Clostridium), 821 
secundus (Bacillus), 668 
secundus fullesi (Bacillus), 668 
secundus fullesi (Bacterium), 668 
sedentarius (Micrococcus), 696 
sedimenteus (Micrococcus), 696 
segetalis (Bacillus), 753 
segmentosum (Corynebacterium), 406 
segmentosus (Bacillus), 406 
segnis (Pseudomonas), 177 
seiferii (Streptococcus), 344 
selachii (Treponema), 1076 
selandia (Salmonella), 525 
selenicus (Micrococcus), 275 
Selenomonas, 218 
Semiclostridium, 705 
seminum (Bacterium), 138 
seminum (Phylomonas), 138 
seminum (Pseudomonas), 138 
sempervivum (Bacterium), 755, 761 
sendai (Salmonella), 493, 518 
sendaiensis (Salmonella), 518 
Senegal (Salmonella), 526 
senftenberg (Salmonella), 626 
senftenbergensis (Salmonella), 525 
sensibilis (Micrococcus), 275 
^vjnsitiva (Cytophaga), 1015 
sepedonica (Phylomonas), 393 
sepedonicum (Aplanobacter), 393 
sepedanicum (Bacterium), 393 
sepedonicum (Corynebacterium), 393 
sepiae (Photobacteriim), 637 
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aepiola {Covcobacillys)^ 702 
scplatum ^Bacterium) ^ iOl 
aeptatum (Polyangium), 1023 
septatuin (SoningiunO, 1023 
miptatiim var. microcystum (Sorunijium), 
1023 

septalus {Bacillus), 401 
scplctitrionalc (Bocten am ), liSO 
seplica (Mcrista), 28J1 
septica (FiistcureUn), 540 
septica (Pseudomonas), 94 
scpt ica (Sa rci na) , 283 
scplicacmiac (Ebcrthdla), 543 
septicacmiae (Sliigella), 643 
scpticacmiac aascrum (xmlativac {Bacii- 
las), 543 

svplicmmiat cams (Hactci lum), 
sepdcacuuac hemorrhagicae {Bacillus), 
546 

scpticacmiac hacmorrhagicae (Bacterium), 

546 

scpticacmiac lophyrt (Bacillus'^, 668 
septicacmicas (Bacillus), 668 
sc pt ichacm i ac (Bacteria m ) , 547 
scpticn-aci oln us ( Bacillus) , 753 
septic am {Bacterium), 673 
sopticuin (Clostridium), 774, 775, 782, 
815, 824 

scpticum (Microspoion), 275 
septic us (Actuinmifces), 917 
seplicas {Barillas), 6S6, 774, 775, 817 
sept teas (Bacterium) (Proteus), 686 
scpticus (Coccus), 275 
septicus (Miciococcus), 275 
scpticus (Proteus), 686 
septicus (Streptococcus), 344 
septicus (Tetracoccas), 2S:4 
septicus (Vibrio), 206, 775 
septicus acaminatus (Bacillus), 674 
septicus acuminatus (Bacterium), 674 
septicus agrigcnus (Bacillus), 073 
septicus agrigenus (Bacterium), 673 
septicus ciimculi (Bacillus), 652 
scpticus gaugrenac (Bacillus), 775 
septicus homims (Bacillus), 668 
scpticus homims (Bacterium), 668 
septicus inscctoruni (Bacillu^i), 753 


scpticus keratomalaciac (Bacillus), 679 
scpticus liqaefaciens (Streptococcus), 344 
septicus putidus (Bacillus), 667 
scpticus putidus (Bacterium), 667 
scpticus sputigcnus (Bacillus), 306 
septicus ulceris gangracnosi (Bacillus), 
774 

scpticus vcsicuc {Bacillus), 668, 741, 758 

sept imam (Clostridium), 822 

Septimus (llihenllus), 822 

septique {Closhidium), 775 

scpliquc (Vibrio), 775 

scptopyuemicus {Streptococcus), 344 

septus {Bacillus), 406 

Scquimllus, 11, 763 

scihuuuci (Bacillus), 478 

scfhtfwu'i (Bacterium), 478 

serin noun {Biunnia), 478 

sergenti (Bartonella) , 1106 

scrycnti (Hacmohartonella), 1106 

scric( us (Bacillus), 068 

scricca (Bscudomouas), 14t) 

Si I ophilus (V icrococcus) , 275 
scfosihdis (Bacillus), 727 
serpens (Andiangimn) 1019 
serpens (Bacillus), 566 
serpens fUacteroides), 666, 577 
serpens (Chondiomyccs), 1017, lOJ') 
serpens (Spirillum), 213 
serpens (Vibrio), 213 
serpens (ZubercUa), 566, 577 
setrnnoi (Bacterium), 127 
Serial ia, 5, 10, 14 , 20, 25 , 31, 32, 37, 443, 
461, 479 , 484, 705 
senntum (Borierium), 76J 
serralus {Actinomyces), 917 
serratus (Bacillus), 668 
serralus (Miriococrus), 275 
sernUntus {Bacillus), 753 
scsami {Bacillus), 137, 753 
sesami ( Bactcrium), 128 
sesami (Phytomonas), 128 
sesami (l^seudomonas), 128 , 137 
sesamicola (Bacterium), 128 
sesami cola (Phytomonas), 128 
sessile (Bacterium), 716 
sessile (Synangiurn), 1033 
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ses8~smeg 


sessilis (Bacillus) j 716 
sessilis (Chondromyces), 1033 
sessilis (Pseudomonas), 700 
setanne (Bacterium), 126 
setariae (Phytomonas), 126 
setariac (Pseudomonas), 126 
setiensis (Injlabilis), 823 
setonii (Actinomyces), 073 
selosum (Bacterium), 686 
setosus (Bacillus), 668 
sewanensc (Bacterium), 435 
sewanensc (Flavobacterium), 435 
sewerini (Bacterium), 761 
sewerinii (Achromohacter), 426 
sexlum (Clostridium), 810 
sextus (Hihlcnllus), 810 
shanyani (Salmonella), 524 
shermanii (PropionibacU’rium), 373, 374 
375, 376, 370 
shigae (Bacillus), 536 
shigae (Bacterium), 536 
Shigella, 10, 26, 31, 37 , 489 , 492, 536 , 53 
shmamini (Fusocillus), 583 
sialopyus (Staphylococcus), 257 
siahtseplicus (^^lcrococcus), 275 
slamensis (Bacillus), 716 
sicca (Neisseria), 298, 299 
sicc urn (Bncfcriu m), 686 
siccus Bacillus), 753 
siccus (Jlartcroideh), 667 , 570 
siccus (I)iplococcus), 208 
siccus (Micrococcus), 275 
siccus (Spherophorus), 567, 570 
Stderobnclcr, 835 
Siderocapsa, 9, 23 , 26 , 29, 35 , 833 
Siderococcus, 835 
Sideroderma, s35 

Sideromona*^, 20, 23 , 26, 29, 35, 834 , 8;^ 
Sideromyces, 086 
sideropous (Chlamydothnx), 085 
sideropous (Gallionella), 832 , 985 
sideropous (Leptothrix), 986 
Side rot hece, 835 
sicberti (Bacterium), 686 
silberschmidh (Bacillus), 669 
silberschmidti (Actinomyces), 075 
silberschmidti (Xocardia), 975 


silberschmidtii (Cphnistreptothrix), 975 
silvaticus (Bacillus), 714 
silvestris (Cytophaga), 1016 
silvestris (Erro), 1249 
simiae (Bacterium), 593 
simiae (Noguchia), 593 
simile (Bacterium), 753 
similis (Bacillus), 753 
similis (Micrococcus), 275 
simililyphosus (Bacillus), 753 
simplex (Bacillus), 718, 748, 751 
simplex (Corynebacterium), 397 
simplex (Micrococcus), 275 
simplex (Myxobacter), 1030 
simplex (^Polyangium), 1030 
simplex (Rhizobium), 226 
Simsbury (Salmorulla), 525 
, simvlans [Bacillus), 669 
simulans (liCgio), 1260 
sirnulans (Micrococcus), 275 
sinapivagus (Bacillus), 754 
7 sinensc (Butylobacter), 781, 825 
sinensis (Spirochaeta), 1069 
singulars (Acetobacter), 692 
nngularis (Bacillus), 669 
sinuosa (Pseudomonas), 103 , 700 
sinuosum (Achromohacter), 103 
sinuosus (Bacillus), 103 
sinuosus (Bacterium), 700 
siticulosus (Bacillu,s), 669 
skoliodonta (Spirochaeta), 1074 
skohodontum (Treponema), 1074 
smaragdina (Pseudomonas), 94 , 700 
smaragdino foetidus (Bacterium), 7(X) 

.s maragdinophos pho rcsce n « (.4 ch romobac - 
ter), 634 

smaragditw-phosphorescens (Bacillus), 634 
i smaragdino-phosphorescens (Bacterium)^ 
634, 635 

smaragdinum (Bacterium), 635 
smaragdinus (Bacillus), 700 
smaragdinus foetidus (Bacillus), 94 
smegmatis (Bacillus), 890 
smegmatis (Bacterium), 890 
smegmatis (Mycobacterium), 890 
smegmatis var. muris (Mycobacterium), 
891 
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smithii {Chromohacicrium)^ 23*1 
mithii {Microspira)y 206 
smithii (Pseudomorias), 23*1 
smithii {Vibrio)y 202, 203, 206 
Smyrna {Azoiobacter), 219 
snieszkoi {Plectridium), 823 
sociovivum (Bacteiium), 606 
sodoku {Spirochaeta) y 215 
sodoku {Treponema) y 215 
soehngenn (Mothanobactcrium), 645, 
646 

sogdianum {Borrelia), 1069 
sogdiayium {Spirochaeta), 1069 
sojae {Bacterium) y 131 
sojae {Phyiomonas) y 131 
sojae {Pseudomonas), 131, 135 
sojae {Rhizobium), 226 
solanacearum {Bacillus), 137 
solanacearurn {Bacterium), 137 
solanacearum (Phagus), 1135 
solanacearum {Phytomonas), 137 
solanacearum (Pseudomonas), 137, 138, 
1129, 1135, 1136 

solanacearum var. asiatica {Phyiomonas), 
138 

solanacearum var. asiatica (Pseudo- 
monos), 138 

solanacearum var. asiaticum (Bacterium), 

138 

solani (Acrogenus), 1203 
solani {Butylobacter), 781, 825 
solani (Chlorogenus), 1149 
solani (Coriuin), 1204 
solani (Mariner), 1174 
solani (Sarcina), 293 
solani var. sevenis (Acrogenus), 1203 
solani var. vulgaris (Acrogenus), 1203 
solanincola (Bacillus), 469 
solaniolens (Phyiomonas), 98 
solaniolcns (Pseudomonas'), 98 
solaniperda (Bacillus), 477 
solanisapra (Erwinia), 468, 469, 470 
solanisaprus (Bacillus), 468, 470 
solare (Bacterium), 439 
solarc (Flavobactcrium), 439 
soUnis (Spirochaeta), 1057 
solenoide (JSpirosoma), 831 


solida (Corntlia), S17 
Solidococcus, 8, 235 
Solidovibrio, 8, 192 
solidum (Clostridium), 821 
solidus (Bacillus), 817, 821 
solitarium (Achromobacter), 426 
solitarius (Bacillus), 426 
solitarius (Bacterium), 426 
solmsii (Bacillus), 817 
solmsii (Diplectridium), 817 
soil (Salmonella), 526 
somaliensis (Actinomyces), 965 
somaliensis (Discomyces), 965 
somaliensis (Indiella), 965 
somaliensis (Indiellopsis), 965, 966 
somaliensis (Nocardia), 965 
somaliensis (Streptomyces), 965 
somaliensis (Strepiothrix), 965 
sombrosus (Bacillus), 754 
sommeri (Actinomyces), 917 
sommeri (Oospora), 918 
sonnei (Bacterium), 540 
sonnet (Proshigella), 540 
sonnei (Shigella), 540, 542, 543 
Sorangium, 1021 
sordellii (Bacillus), 787 
sordelli (Clostridium), 787 
sordidus (Bacillus), 669 
sordidus (Bacterium), 669 
sordidus (Micrococcus), 275, 669 
sorediatuin (Polyangium), 1022, 1023 
sorediatvim (Sorangium), 1022 
soredialum var. macrocystum (Soran¬ 
gium), 1023 
sorghi (Bacillus), 754 
sorghi (Bacterium), 754 
sorifenim (Bacterium), 686 
sornthalii (Micrococcus), 344 
sornthalii (Streptococcus), 344 
Sorochlorisf, 869 
sorracenicolus (Baderium), 668 
sotto (Bacillus), 754 
sotio (Bacterium), 754 
soya (Bacterium), 358 
soyac (Lactobacillus), 358 
soyae (Leuconostoc), 346 
soyae var. japonicum (Bacterium), 132 
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spatioaus (Bacilliia), 754 
apatuliforme (Cillohacterium), 369, 818 
apatrUifarmia {Bacillua)^ 818 
apermatozoidea (Bactllua)^ 754 
apermaiozoidea (Vibrio), 206 
apermiformia (Treponema), 1076 
apermoidea (Acuformia), 812 
apermoidea (Bacillua), 812, 827 
apermoidea (Cloatridium), 812 
apermoidea (Palmtda), 812 
apermophilinua (BaciUua), 669 
sphaerica (Blastocaulis), 836 
aphaericum (Granidobacter), 822 
sphaericus (Bacillus), 727, 728, 729, 818 
aphaericua vav. fuaiformia (Bacillua), 728 
Sphaerococcua, 312 
aphaeroidea (Chromatium), 846, 859 
aphaeroidea (Cloatridium), 821 
aphaeroidea (Micrococcua), 275 
aphaeroidea (Rhizohium), 225 
aphaeroaporua (Bacillua), 754 
aphaeroaporua calco-aceticua (Bacillua), 
754 

jSphaerothrix, 986 

rSphaerotllus, 12,19, 23,26,962,983 
aphagni (Streptococcua), 344 
aphenoidea (Bacillua), 791 
sphenoides (Clostridium), 791 
aphenoidea (Douglaaillua), 791 
aphenoidea (Pleciridium), 791 
Spherocillus, 34, 38, 580 
spheroides (Rhodopseudomonas), 866 
Spherophorus, 34, 38, 578 
aphingidia (Bacillua), 491 
aphingidia (Eacherichia), 491 
aphingidia (Proteua), 491 
apictdifera (Criatiapira), 1057 
apiculifera (Spirochaeta), 1057 
apieckermann (Bacillua), 477 
apiniferum (Bacterium), 686 
apiniferua (Bacillua), 686 
apinoaa (Cornilia), 817 
apinoaporua (Bacillua), 754 
apinoaum (Bacterium), 686 
apinoaua (Bacillua), 817 
apircde (Bacterium), 686 
apiralia (Actinomycea), 973 


GENERA AND SPECIES Spat-fpOf 

apiralia (Bacillua), 754 
apirana (Bacillua), 669 
Spirclla, 28 
Spirilina, 6, 486 
apirilloidea (Streptothrix), 977 

I Spirillum, 5, 12, 15, 16, 18, 19, 21, 25, 28, 
29, 31, 43, 212, 216, 996 
spirillum (Azotobacler), 216 
spirillum (Vibrio), 216 
Spirobacillva, 12, 14 
Spirochaeta, 5, 12, 18, 19, 20, 26, 28, 37, 
1007, 1061, 1053, 1054, 1058 
Spirochaete, 1051 
Spirochaeta, 1051 
Spirodiacua, 6 
apirogyra (Bacillua), 754 
Spiromonas, 6, 11 
Spironema, 20, 1058, 1071 
Spirophyllum, 8, 9, 15, 17, 831 
Spiroachaud innia , 1058 
Spirosoma, 7, 12, 16, 28, 212, 1122 
Spirulina, 6, 993 
spiaaum (Bacterium), 761 
spitzi (Actinomyces), 925 
spitzi (Brevistreptothrix), 925 
spitzi (Discomyces), 925 
spitzi (Oospora), 925 
spitzi (Streptothrix), 925 
splendens (Bacillus), 613 
splendidum (Photobacter), 636 
splendidum (Photobacterium), 636 
splendidus (Vibrio), 636 
splendor maris (Photobacter), 636 
splenica (Actmomyces), 922 
splenica (Nocardia), 922 
splenomegaliae (Bacteroides), 580 
splenomegaUae (Synbacterium)^ 580 
spongiosa (Phytomonas), 120 
spongiosa (Pseudomonas), 120 
spongiosum (Bacterium), 120 
apongiosus (Bacillus), 120, 754 
sporiferum (Spirilluin), 218 
Sporocytophaga, 35, 259, 1005, 1006, 
1009, 1010, 1048 

sporogena rheumatismi (Spirochaeta), 
1069 

sporogenes (Bacillus), 782, 817 
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sporogeiios ((’lostridiuin), 775, 782, 7S3, 
784, 786, 817, 818, 825 
sporogcnea (Gran ulohaa 11 ns ), 822 
sporoyenes (Lactohncillits), 762 
sporvgenes (Metchnikorillus), 782 
sporogcncit rapi<ulnt7is (Bacillns)^ 817 
sporogencs coagulans (liacilhis), 782, 825 
sporogencs fortirius (Bacilhfs)^ 787, 818, 
826 

sporogenes lujutfaricns {Bacillus}, 818 
sporogenes non -liqucfnnens (Bacillus ), 
818 

sporogoies non liqucfacicns nnactohius 
{Bacillus), 818 

sporogenes ocdemalis {Bacillus), 787 
sporogenes parr us {Bacillus), 818 
spoiogencs psoriasis (Spirochacta), 106n 
sporogenes regulans (Bacillus), 785 
sporogenes sacchaioh/ticus {Bacillus). 785 
sporogenes vai. .1 (Bacillus), 782 
sporogenes var. A (dlostridnnn), 782 
sporogenes var. A /*, ]faric {(loslrid- 
ium)f 783 

sporogenes var. B (Bacillus), 782, 787 
sporogenes var B (Clostridium), 787 
sporogenes var. taudnpiscis iClo.sfri- 
dium), 783 

sporogenes var equine iClostridn/nn, 
783 

sporogenes var parasporogenes (Closfrid- 
ium), 78-4 

sporogenes vai tqtosinogene*i (Clostrid¬ 
ium), 783 

sporogenes zoogleicus {Bacillus), 797 
Sporonema, 6 
sporonema (Bacillus), 754 
Sporosarcina, 30, 67, 285 
Sporospinllum, 218 
Sporotrichuni, 916 
Sporovibrio, 33, 35, 207 
spxmaUs (Actinomyces), 976 
spumalis (Oospora), 076 
spiinmruni (Clostridium), 808 
spumarum (Plectridium), 808 
spumosuin (Polyangium), 1031 
spumosum (Sorangiurn), 1023 
spumosus (Bacillus), 669 


spurius (Bacillus), 754 
sputi (Bacillns), 754 
sputi (Bacterium), 761 
spulicnla (Bacterium), 761 
sputigena (Microspira), 198 
sputigencs tenuis (Bacterium), 687 
sputigeniim (Bacterium), 6S6 
spuitgenum (Spirillum), 206 , 218, 701 
sputigenus (Streptococcus), 344 
sputigcmis (Vil^rio), 198 , 206 
sputigenus var. minufissimus (Vihno), 
206 

sputigenus crassus (Bacillus), 459 
sputigenus crassus (Bacterium), 459 
*(puioium (Vibrio), 206 
squamiformis (Banllus), 754 
squamosum (Bacterium), 687 
squamosum (Conjnchactcrium), 406 
squamosum longum (Bactenum), 760, 702 
squnmosus (Bacillus), 669 
squarnosus longus (Bacillus), 7(30 
squatorolac (Treponema), 1076 
'<taloctitigenes (Bacterium), (>87 
stanicri (Vibrio), 703 
Stanley (Salmonella), 503 
sianleyi (Salmonella), 503 
slaphifliua (Spirochacta), 1069 
Staphylucocrus 21, 31, 33 , 235 
staphqlophngus (Micrococcus), 275 
slationis (Achroiuobactcr), 421 
station IS (\^ibrio), 206 
.stvarophilum (Arhromobacitcr), 609 
stcarophilfis (Bacillus), 609 
stcarothermnphilus (Bacillus), 734 
Stelangiurn, 1020 
slellaiis (Bacillus), 754 
stcllatum (Bactenum), 818 
stellatum (Polyangiiiin), 1031 
stellatus (Bacillus), 580, 710, 754, 818 
stellatus (Coccus^), 276 
stellatus (Micrococcus), 276 
stellatus anaerobius (Bacillus), 818 
stenoggrata (Spirochacta), 1069 
slenogyratum (Tteponema), 1069 
stenohalis (Achromobacter), 420 
stenos (Stieplococcus), 344 
stenostrepta (Spirochaeta), 1063 
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atenostrepta (Treponema) ^ 1053 
stercoraria (Serratia), 485 
atercoria (Mycobacterium) ^ 888, 891 
stercuaia (Mycobacterium) j 891 
aternbergit (Bacillus) ^ 418, 687 
aternbergii (Bacterium) ^ 687, 819 
ateroidiclasium (Bacterium)^ 687 
aterotropia (Pseudomonas), 700 
atevenaae (Alcaligenes), 416 
stewarti (Aplanobacter), 638, 1136 
stewarti (Bacillus), 638 
stewarlii (Bacterium), 638, 1129, 1134, 
1136 

atewartii (Phytomonas), 638, 1136 
stewarti (Pseudomonas), 638, 1136 
Stigmatella, 1036 

stipitatus (Myxococcus), 1043, 1044 
atizolobii (Aplanobacter), 135 
atizolobii (Bacterium), 135 
atizolobii (Phytomonas), 135 
atizolobii (Paeudomonaa), 136 
Stoddardillua, 11, 763 
stolonatum (Flavobactenum), 442 
stolonatus (Bacillus), 442 
stolonatua (Bacterium), 442 
stoloniferum (Achromobacter), 715 
stoloniferus (Bacillus), 715 
stoloniferus (Bacterium), 715 
stomachi (Spirillum), 218 
stomatitis (Vibrio), 206 
stramineus (Streptococcus), 344 
strasburgense (Clostridium), 821 
strasburgensis (Pasteuretla), 554 
strassmanm (Bacillus), 669 
streckeri (Bacillus), 687 
strecfcen (Bacterium), 687 
streptobacilliformis (Bacteraides), 581 
sir eptobacilli-moniliformis (Musculomy- 
cea), 1294 

Streptobacillus, 349, 588, 763 
Streptobacterium, 9, 30, 360 
streptococci (Phagus), 1139 
streptococci var. virilis (Phagus), 1139 
streptococciforme (Bacterium), 761 
Streptococcus, 13, 14, 15, 17, 19, 21, 26, 
27, 30, 31, 33, 43, 312, 313 
Streptococcus No. SB. 343 


Streptococcus sp., 333, 334, 336 
atreptoformis (Bacillus), 754 
Streptomycea, 588, 915, 929, 934, 967, 
974, 977, 980 

^treptothrix, 6, 929, m, 977 
^ Streptothrix No. /, Alinquist, 968 
Streptothrix No. 2 and 3, Almquist, 934 
^ Sireptothrix sp., Donna, 916 
Streptus, 14, 312 
striafaciens (Bacterium), 112 
striafaciens (Phytomonas), 112 
striafaciens (Pseudomonas), 112 
striata (Pseudomonas), 97, 700 
striata (Sarcina), 293 
striatum (Bacterium), 406 
striatum (Corynebacterium), 406 
striatus albus (Bacillus), 406, 669 
striatus flavus (Bacillus), 406, 669 
stnatus flavus (Bacterium), 406, 669 
striatus viridts (Bacillus), 97, 669 
striatus viridis (Bacterium), 700 
strictus (Vibrio), 196, 206 
strobiliformis (Micrococcus), 276 
strumitidis (Bacillus), 669 
strumitis (Bacillus), 669 
strumitis a(Bacillus), 669 
strumitis (Bacillus), 671 
sturmanii (Haemobartonella), 1106 
stutzeri (Achromobacter), 426 
siutzeri (Bacillus), 426 
stutzeri (Bacterium), 426 
stutzeri (Pseudomonas), 441 
stylopygae (Spirochaeta), 1076 
stylopygae (Treponema), 1076 
suariorum (Ijegio), 1262 
suaveolens (Bacillus), 754 
suaveolens (Flavobacterium), 432 
subacidus (Streptococcus), 344 
subalbus (Bacillus), 623 
subalbus var. batatatis (Bacillus), 623 
subalcalescens (Bacillus), 451 
subanaerobicus (Bacillus), 72^ 
subanaerobius (Bacillus), 771 
subcandicans (Micrococcus), 276 
subcnnus (Micrococcus), 276 
subcarneus (Micrococcus), 255, 276 
subcitreus (Micrococcus), 276 
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suhcitricum {Bacterium)^ 687 
subcloacae (Bacillus), 457 
subcoccineus (Bacillus), 652 
subcoccoideus (Bacillus), 669 
subcreta (Cellulomonas), 176 
subcreta (Pseudomonas), 176 
subcretaceus (Micrococcus), 276 
svbcuiicularis (Bacillus), 755 
subdenticulatum (Bacterium), 762 
subentericus (Bacillus), 533 
suberfaciens (Bacterium), 640 
suberfadens (Phytomonas), 640 
svbfiliforme (Bacterium), 759 
subfiava (Neisseria), 276, 269 
subflava (Sarcina), 293 
subflavescens (Micrococcus), 276 
subflavidus (Micrococcus), 276 
subflavus (Bacillus), 669 
subflavus (Bacterium), 669 
subflavus (Dvplococcus), 276 
subflavus (Micrococcus), 276 
subfoetidus (Bacillus), 818 
subfuscum (Bacterium), 687 
subfuscus (Micrococcus), 276 
subgastricus (Bacillus), 451, 669 
subgilvus (Micrococcus), 277 
subgranulatus (Micrococcus), 277 
subgranulosus (Bacillus), Q5S 
subgriseus (Micrococcus), 277 
subkiliensis (Bacillus), 484 
sublacteus (Micrococcus), 277 
sublanatus (Bacillus), 755 
sublilacinus (Micrococcus), 277 
subliguefaciens (Bacterium), 457 
sublustris (Bacillus), 755 
subluteum (Bacterium), 687 
subluteus (Micrococcus), 277 
submarinus (Bacillus), 755 
subniveus (Micrococcus), 251, 277 
subochraceus (Bacillus), 670 
subochraceus (Bacterium), 670 
subochraceus (Micrococcus), 277 
suboxydans (Acetobacter), 184 
subpneumonicum (Bacterium), 703 
subroseus (Micrococcus), 274 , 277 
subrubeum (Bacterium), 762 
subrubeus (Bacillus), 762 


subrubiginosus (Bacillus), 670 
subrufa (Serratia), 601 
subrufum (Bacterium), 601 
subsquamosum (Bacterium), 762 
subsulcatus (Bacillus), 670 
subterminale (Clostridium), 786 
subterminalis (Bacillus), 786 
subterraneus (Micrococcus), 277 
subterraneus (Staphylococcus), 277 
subtetanicus (Bacillus), 727, 816 
subthermophilum (Bacterium), 762 
subtile (Bacterium), 755 
subtile (Treponema), 1074 
subtile agnorum (Bacterium), 648 
subtiliforme (Bacterium), 755 
subtiliformis (Bacillus) (Streptobacter) 
755 

subtilis (Bacillus), 42, 43, 45, 63, 708t 
709, 711, 712, 713, 7;6, 741, 742, 746, 
747, 751, 753, 760, 762, 1138 
subtilis a (Bacillus), 710 
subtilis (Bacillus), Michigan strain, 716 
subtilis (Micrococcus), 277 
subtilis (Spirochaeta), 1074 
subtilis (Spironema), 1074 
subtilis (Spiroschaudinnia), 1074 
subtilis (Vibrio), 710 
subtilis var. asporus (Bacillus), 45 
subtilis var. aterrimus (Bacillus), 711 
subtilis var. galleriae (Bacterium), 762 
subtilis var. niger (Bacillus), 711 
subtilis var. viscosus (Bacillus), 710 
subtilis similis (Bacillus), 752 
subtilis simulans 1 (Bacillus), 755 
subtilissimum (Spirillum), 206 
subtilissimus (Vibrio), 206 
subvertens (Phagus), 1138 
subviscosum (Bacterium), 414 
sucdnicum (Bacterium), 452 
succinicus (Bacillus), 755 
succulentus (Micrococcus), 277 
sudaminis (Bacillus), 668 
suffodiens (Morsus), 1163 
suffuscus (Badllus), 755 
suicida (Bacterium), 548 
suidae (Treponema), 1076 
suilla (Pasteurella), 647, 684 
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suil-syri 


Builla (Spirochaeta), 1069 
fluillum (Scelus), 1235, 1296 
auipeatifer {Bacillua), 608 
auipeatifer (Bacterium), 508 
auipeatifer (Salmonella), 45, 508 
auia (Badllua), 508 
Buis (Borreliota), 1232 
Buis (Brucella), 661, 562 
auia (Corynehacterium), 406 
suis (Hemophilus), 585, 686 
auia (Micrococcua), 277 
auia (Rickettaia), 1097 
auia (Spirochaeta), 1063 
auia (Spironema), 1063 
suis (Tortor), 1276 
auia (Vibrio), 206 
auiaeptica (Paateurella), 548 
auiaepticus (Badllua), 548 
auiaepticua (Bacterium), 548 
aulcatua (Bacillus), 670 
aulcatua liquefadens (Bacillus), 660, 670 
aulcatus liquefadens (Bacterium), 670 
aulfhydrogenua (Badllua), 670 
Sulfomonaa, 8, 29, 30, 78 
Sulfospirillutn, 29, 30, 212 
sulfurea (Sarcina), 293 
sulfureum (Achromobacter), 609 
aulfureum (Bacterium), 687 
sulfureum (Flavobacterium), 610 
aulfureus (Badllua), 491, 687 
aulfureua ^-tardigradus (Micrococcus), 
278 

aulfureus (Proteus), 491 
aulfureua var. tardigradus (Micrococcus), 
278 

aulfurica (Thiospira), 702 
aulphurata (Sarcina), 842 
aulphurea (Conidothrix), 995 
aulphurea (Leptothrix), 995 
aulphurea (Nocardia), 925 
aulphurea (Streptothrix), 925 
sulphureus (Actinomyces), 925 
aulphureus (Micrococcua), 277 
aulphurica (Aphanothece), 872 
sulphurica (Clathrochloris), 872 
aumatrae (Actinomyces), 910 
aunuUranum (Bacterium), 687 


aumatranus (Rickettaia), 1090 
sundsvall (Salmonella), 528 
auperha (Sarcina), 293 
Buperficiale (Achromobacter), 420 
superfidalis (Bacillus), 420 
superfidalis (Bacterium), 420 
auppuratum (Corynehacterium), 406 
svupraresistens (Bacillus), 755 
surati (Spirillum), 206 
surati (Treponema), 206 
surati (Vibrio), 202, 203, 206 
surgeri (Bacillus), 687, 755 
surgeri (Bacterium), 687 
suspectua (Streptococcus), 344 
suspensa (Rhodocapsa), 854 
suum (Paateurella), 548 
sycosiferum (Bacterium), 687 
sycosiferua foetides (Bacillus), 687 
sylvilagi (Molitor), 1244 
symbiophilea (Bacillus), 580 
symbiotica (Escherichia), 427 
symbiotica (Sarcina), 293 
symbioticum (Chlorobacterium), 873, 874 
symptomaticus (Bacillus), 776 
Synangium, 1032 
synchyseus (Bacillus), 682 
synchyseus (Bacterium), 682 
Syncrotis, 12, 13, 14, 365, 984 
syncyanea (Pseudomonas), 92, 700 
syncyaneum (Bacterium), 92 
syncyaneua (Badllua), 92 
syncyaneus (Vibrio), 92 
syncyanus (Bacterium), 700 
Synechococcus, 996 
synthetica (Vibrio), 206 
synxantha (Pseudomonas), 700 
synxanthum (Flavobacterium), 700 
synxanthus (Bacillus), 700 
synxanthus (Vibrio), 700 
syphilidis (Bacillus), ^S7 
syphilidis (Bacterium), 687 
syphilitica (Pacinia), 687 
syphiliticus (Micrococcus), 278 
syringae (Bacterium), 119 
syringae (Phytomonas), 119 
syringae (Pseudomonas) 119, 123 
syringae var. capsid (Bacterium), 120 
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syringaevAT, papula ns (Phytomonas) ^ 123 
syringae populans (Pkytomonas)^ 697 
syzygios (Micrococcus), 304 
syzygios scarlatinae (Micrococcus), 304 
szentes (Salmonella), 529 

tabaoi (Annulus), 1155, 1212, 1214, 1217 

tabaci III (Bacillus), 755 

tabaci (Marinor), 1155,1164,1167 

tabaci (Musivum), 1164 

tabaci (Phytomonas), 124 

tabaci (Pseudomonas), 114,124, 1134 

tabaci (Ruga), 1216 

tabaci var. arium (A/armor), 1166 

tabaci var. aucuba (Marmor), 1166 

tabaci var. auratus (Annulus), 1213 

tabaci var. canadense (Marmor), 1166 

tabaci var. deformans (Marmor), 1166 

tabaci var. immobile (Marmor), 1166 

tabaci var. kentuckiensis (Annulus), 1213 

tabaci var. lethale (Marmor), 1166 

tabaci var. obscurum (Marmor), 1166 

tabaci var. plantaginis (A/armor), 1166 

tabaci var. siccans (Marmor), 1166 

tabaci var. vtrgimensis (Annulus), 1212 

tabaci var. vulgare (Marmor), 1166 

tabacivorus (Bacillus), 477 

tabacum (Bacterium), 124 

tabidum (Flavobacterium), 694 

tabificans (Bacillus), 477 

tackysporus (Bacillus), SIS 

tackytonum (Bacterium), 6S7 

tackytonus (Bacillus), 687 

taeniata (Gallionella), 831 

ta£ite (Lactobacillus), 

taette (Streptobacillus), 702 

taette (Streptococcus), 702 

taksony (Salmonella), 525 

talassochelys (Grakamella) ,1111 

talavensis (Bacillus), 534 

talavensis (Bacterium), 534 

talavensis (Eberthella), 534 

talavensis (Kberthus), 534 

tallakassee (Salmonella), 514 

talpae (Grahamella), 1109 

tangallensis (Bacillus), 544 

tangallensis (Skigella), 544 


tapetos (Cristispira), 1057 
iapetos (Spirockaeta), 1057 
taraxaci (Xantkomonas), 179 
taraxeri cepapi (Actinomyces), 973 
laraxeri cepapi (Streptotkrix), 973 
tarda (Ebertkella), 534 
tarda (Shigella), 544 
tardicrescens (Bacterium), 638 
tardicrescens (Phytomonas), 638 
tardigradus (Micrococcus), 27S 
tardior (Micrococcus), 278 
tardissima (Gaffkya), 284 
tardissima (Neisseria), 278 
tardissimus (Bacillus), 070 
tardissimus (Micrococcus), 27S 
tardissimus (Teiragenus), 284 
tardivus (Bacillus), 755 
tardus (Bacillus), 544, 816 
tardus (Micrococcus), 278 
tarozz a (A ctinomyces ), 924 
tarozzii (Streptotkrix), 924 
Tarpoia, 1268 
tartan (Streptothrix), 977 
tartarivorum (Aerobacter), 692 
tartneus (Bacillus), 670 
taveli (Bacillus), 727,800,816 
technicum (Propionibac tori urn), 377 
technicus (Bacillus), 755 
tectum (Ochrobium), 835 
togumenticola (Bacterium), 604 
lel-aviv (Salmonella), 52^3 
telmatis (Bacillus), 670 
lemporariae (Spirockaeta), 1069 
ienncatis (Micrococcus), 278 
tenalbus (Multifermenians), 772 
tenax (Bacillus), 755 
tenax (Bacterium), 762 
tener (Micrococcus), 278 
tenerrimum (Spirillum), 206 
tennessee (Salmonella), 512 
tenua (Cristispira), 1057 
tenuatus (Bacillus), 670 
tenue (Bacterium), 687 
tenue (Caryophanon)', 1004 
tenue (Clostridium), 821 
tenue (Sideroderma), 835 
tenue (Spirillum), 214 
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tenu-tetr 


iejiue (Spii'ophi/llum)^ 831 
tenue (Treponema), 1070 
tenue obtusum (Treponema), 1068 
tenuis (Actinujfipces), 922, 974 
tenuis (Bacillus), 070, 709 
tenuis (Bacleroidcs), 
tenuis (Clonothrix), 983 
tenuis (Cohnistreptothrix), 922 
tenuis (Crcnotkrix), 983 
tenuis (Discomyces), 922 
tenuis (Leptothnx), 305 
tenuis (Micrococcus), 307 
tenuis (iVoca/vim), 922 
tenuis (Pseudoleptothrix), 305 
tenuis (Pseudomonas), 149, 701 
tenuis (Spirochaeia), 1070 
tenuis (Streptococcus), 343, 344 
toiiuis (Thiothrix), 989, 990, <H)5 
tenuis (Tyrothrix), 709 
tenuis (Vibrio), 20() 
tenuis acuminata (Spirochaeta 1004 
tenuis apis {Bacillus), 670 
tenuis glycolyticus (Bacillus), S18 
tenuis non-liquefaclens (Bacillus), 755 
tenuis obtusa (Spirochaeta), 1008 
tenuis spatuliformis {Bacillus), 309, SIS 
tenuis sputiyenes {Bacillus), 007, 0S7 
tenuissinui 1013 

l4*nui8siina (Thiothrix), 990, 995 
tenuissimus {Micrococcus), 259, 278 
tcras (Bacillus), SIS 
feras {Infiabilis), 81S 
terebrans (Bacillus), 575 
terebrans (Bistella), 575 
ieres (Bacillus), 42, 7IS 
terminulls {Bacillus), 755 
iermirialis var thermophilus (Bacillus), 
755 

Terminosparus 33, 34, 703 
teimitidis (Fusifonnis), 5S3 
tcrmilis (Cnstispira), 1070 
termitis (Spirochaeta), 1070 
teimitfs (Treponema), 1070 
termitis (Vibrio), 1070 
ienno (Bacillus), OSS 
tenno (Bacterium), 6S7 
Termobacterium, 179 


tenno (Monas), 687 
tenno (Zooyloea), 348, 087 
ter mo var suhtcrraneum (Bacterium), QHH 
iermophilum (Bacterium), 757 
ternissima (Ct/tophaya), 1013 
ter rue (Bacterium), 702 
terrac (Streptobacillus), 702, S23 
torrestralgifiifum ^Bacterium;, 642 
let resins (Bacillus), 750 
tcrricola (Lactobacterium), 301 
terricola (Streptococcus), 344 
ten .yena (Microspiia), 207 
terngenuni (Spirillum), 207 
ieinyenus (Bacillus), 070 
icrriyenus (Vibrio), 207 
tprlium (Clostridium), 812, S27 
Urtiurn (Pleciridium), S12 
tortium fScolus), 1237 
tcriius (Bacillus), 812 
tertiiis (Henritins), SI2 
tort ms (Phagiis), 1137 
tcstahilib (Phagus), 1138 
test ad i n i s (Mycobar te num), S91 
testudo (Mycobacteri urn), 891 
tctani (Bacillus), 783, 798 
totaiii ((’lostridiunO, 43, 727, 798 
tetani (Nicollaierillus), 799 
tetani (Pleciridium), 798 
tetanoides (Bacillus), 756, 799 
lelanoides (A) (Bacillus), 798 
tetanoides (B) (Bacillus),7\^.),H2i} 
totanoid(*8 ((’lostridium), 798 
((‘taiiomorphum (Clostridium), 800, 820 
tetanomorphum (Plcctndium), 8(K) 
tetanomorphus (Bacillus), HiK) 
tetanomoi phus (Macintoshillus), 800 
Telrachloris, 869 
Tetracoccus, 9, 235, 283, 284 
Tetradi plococc us, 28^1 
tetragena (Gaffyka), 253 , 258 , 261, 267, 
269, 270, 274, 275, 270, 278, 279, 281, 
283, 2S4 

tetragena (Merista), 2S3 
tetragena (Sarcina), 2S3 , 284 , 292 
tetragenes annerobius (Micrococcus), 284 
ietrayenus (Micrococcus), 283, 284 
tetragenus (Mycococcus), 891 


1515 



tetr-ther 


INDKX OF NAMES OF GENEBA AND SPECIES 


tetragenus {Pediococcus) y 283 
ietragenus (Planococcus) y 284 
tetragenus (Staphylococcus)y 283 
tetragenus albus (Micrococcus)y 283 
tetragenus aureus (Micrococcus)y 278 , 
tetragenus citreus (Micrococcus)y 280 
tetragenus eoncentricus (Micrococcus)y 27S 
tetragenus fehris flavae (Micrococcus)y 280 
tetragenus mobilis ventriculi (Micrococ- 
cus)y 284 

tetragenus-pallidus (Micrococcus)y 278 
tetragenus ruber (Micrococcus) y 244 
tetragenus septicus (Micrococcus), 283 
tetragenus subflai^us (Micrococcus)y 276 
tetragenus versatilis (Micrococcus)y 280 
tetragenuS'Vividus (Micrococcus), 279 
tetraonis (Bacillus), 6GS 
tetras (Micrococcus), 279 
ietras (Pediococcus), 279 
tetrijlium (Clostridium) (fiac///?/«),781,825 
teutlia (Phijtomonas), 613 
teutlium (Aplanobacter), 613 
teutlium (Bacterium)y^\Z 
texas (Salmonella), 506 
thalassius (Aclironiobacter), 418 
thalassokoiles (Bacillus), 756 
thalassophilus (Bacillus), 72i}, 727,818 
thamiiopheos (Mycobacterium), 883, 886 , 
886, 887, 

thaxteri (Archangium), 1019 
thaxteri (Chondromyces), 1033 
thaxteri (Synangium), 1033 
theae (Bacillus), 756 
Theciobactrum 12, 13, 705 
Ihoilrri (Ilorrclia), 1062, 3066, 1068 
theikri (Spirillum), 1062 
theilcri (Spii nchaele), 1062 
theikri (Spnonema), 1062 
theilcri (Spiioschaudinniu), 1062 
theileri (Treponema), 1062 
Theileria, 1089 

thermahs (Chlamijdoihrix), 986 
thermalis (LeptothrixjyOS^ 
thermitanus (Thiobacillus), 81 
thermoabundans (Bacillus), 756 
IhermoacetigenituH (Bacillus), 756 
thermoacidificans (Bacillus), 756 


thermoacidophila (Palmula), 821 
thermoacidophilus (Acuformis), 821 
thermoacidophilus (Clostridium), 821 
thermoacidurans (Bacillus), 712 
Thermoactiiiomyces, 078 
thermoactivMS (Bacillus), 756 
thermoaerogenes (Caduceus), 821 
thermoaerogenes (Clostridium), 821 
thormoalimento])hilus (Bacillus), 736 
thernioamylolyticus (Bacillus), 729 
thermoannulatus (Bacillus), 756 
ihermoaqualilis (Bacillus), 756 
thermoarborescens (Bacillus), 756 
Thcrmobacterium, 9, 30, 360, 
thermobutyrosus (Bacillus), 756 
thermocellulolyticus (Bacillus), 736 
thermocellulolyticus (Terminosporus), 823 
ihcnnocellum (Clostridium), 821 
thermocellus (Terminosporus), 821 
thermochain us (Clostridium), 821 
thermocompactus (Bacillus), 756 
thernwdactylogenitus (Bacillus), 736 
thermodcsulfuricans (Vibrio), 208, 200, 
853 

thermodiastaticus (Actinomyces)^9^4, 974 
thermodiastaticus (Bacillus), 731 
thermodoraius (Bacillus), 756 
thermodurica (Sarcina), 294 
thermopffervescens (Bacillus), 756 
thennofaccalis (Bacillus), 756 
theimojibnneolus (Bacillus), 756, 818 
thermofiliformis (Bacillus), 756 
thermofuscus (Actinomyces)y 957 
thermofuscus (Stroptomyces), 967 
thcimograni (Bacillus), 756 
lliermoindifferona (Bacillus), 730, 731 
ihermoliquofaciens (Bacillus), 736 
fhermolongus (Bacillus), 756 
ihermolubricuns (Bacillus), 756 
thcrmononliquefaciens (Bacillus), 734 
ther motion odor us (Bacillus), 756 
ihermonvbilosus (Bacillus), 756 
thermopclhtns (Bacillus), 756 
thermophila (Nocardia), 957 
thermophila (Ristella), 576 
thermophila y (Ristella), 576 
thermophila (Sarcina), 2^4 
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thermophilum I (Bacterium) y 760 
thermophilum II (Bacterium), 736 
thermophilum III (Bacterium)^ 761 
thermophilum IV (Bacterium)^ 762 
thermophilum V (Bacterium), 760 
thermophilum VI (Bacterium), 760 
thermophilum VII (Bacterium), 762 
thermophilum VIII (Bacterium), 759 
thermophilum (Clostridium), 111, 821 
thermophilum (Coccobacterium), 693 
thermophilum (Denitrohactenum),(y90,l&2 
thermophilus (Actinomyces), 934, 95G 
thermophilus (Bacillus), 670. 736, 757, 111 
thermophilus I (Bacillus), 700 
thermophilus II (Bacillus), 736 
thermophilus III (BaciUus), 761 
thermophilus IV (Bacillus), 762 
thermophilus V (Bacillus), 760 
thermophilus VI (Bacillus), 760 
thermophilus VII (Bacillus), 762 
thermophilus VIII (BaciUus), 759 
thermophilus a (Bacillus), S19 
thermophilus ^ (Bacillus), 576 
thermophilus y (Bacillus), 576 
thermophilus (Caduceus), S19 
thermophilus a (Caduccus), S19 
thermophilus (Coryncbaclenum), 406 
thermophilus (Lactobacillus), 366 
thermophilus (Mici ococcus), 279 
thermophilus (Xilrosobacillus), 76, 6‘M), 

762 

thermophilus (Streptococcus), 322 
thermophilus (Streptornyecs), 966 
thermophilus anaerobicus {Bacillus), S2l 
thermophilus aqualilis liqucfaciens 

(Bacillus), 733 

thermophilusjivoini iBacLlliis),TS'2 
thermophilus losanitchi (Bacillus), 732 
thermophilus miquelii (Bacillus). 757 
thermophilus sojae (Bacillus), 757 
thermophilus vranjensis (Bacillus), 732 
thermoputrifica (Palmula), 821 
thermoputrificum (Clostridium), 821 
thermoputrificus (Acuformis), 822 
therinosaccharolyticum (Clostridium), 

797 


thermosaccharolyticus (Terminosporus ), 
797 

thermosuavis (Bacillus), 757 
ihermotenaz (Bacillus), 757 
thermotolerans (Actinomyces), 974 
thermotraiislucens (Bacillus), 734 
thermourinalis (Bacillus), 757 
thermoviscidus (Bacillus), 757 
theta (Bacillus), 670 
theta (Bacterium), 670 
ihetaiotaomicron (Bacillus), 572 
thctaiotaomicron (Bactcroidcs), 672, 580 
ihetaiotaomicron (Spherocillus), 572, 580 
thdoides (Bacillus), 566 
thibiergei (Actinomyces), 928 
thibiergei (Cohnistreptoihrix), 928 
ihibicrgei (Discoiiiyces), 928 
thibitigei (Xocardia), ^2S 
thibknjei (Oospora), ^d2S 
Thiol)acillu.s, 15, 16 , 20, 30, 69, 78, 81, 
688, 839 

Thiobactenum, 15, 17, 78 
Thiocai)sa, 16, 23, 25, 844, 849 
T hi ococcus, 8 

Thiocystis, 16, 23, 25, 847, 848, 849 
Thiodcrma, 16 , 23 , 25, 849 
Thiodictyon, 16, 23, 26, 846 
Ihiogenes (Bactetium), 

Thiomonas, 8 
Thwnema, 095 

thiooxidans (Sulfomonas), 79 
thiooxidans (Thiobacillus), 79, 81 
thiooxydans (Thiobacterium), 79 
thioparus (Sulfomonas), 79 
thioparus (Thiobacillus), 79, 81 
Thiopedia, 16, 29, 843, 844 
Thiophysa, 16, 24, 25, 996, 997 
Thioploca, 15, 16, 19, 24, 26, 993 
Thiopolycoccus, 16, 23, 25, 29, 860 
Thioporphyra, 859 
Thxorhodospirilium, 16, 850 
Thiosarcina, 16, 23, 25, 29, 842 
Thiosiphon, 995, 996 
Thiosphaera, 16, 23, 25, 846 
Thiosphaerella, 15,16, 996, 997 
Thiosphaerion, 16 , 23, 25, 859 
Thiospira, 24^25,35, 212, 853,996 
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Thiospirillopsis, 993 
Thiospirilluni, 15, 16, 23, 25, 29, 860. 851, 
852, S53 

Thiothcce, 16 , 23 , 25, 29 , 845, 846, 849 
Thiothrix, 16, IS, 19, 24, 26, 988, 989, 991, 
995 

Thwvibrio, 15, 16 
Thiovulum 15,16,996,999, UX)0 
ihiryei (Xocardia)^ 917 
thiryi (Artinomyces), 917 
ihiryi (Discomyces)^ 917 
thjoetiav (Actinomyces)^ 927 
Ihornii (Propionihactcriuni), 374, 377, 
379 

Iholueidemn (Bacterium)^ 68S 
tholocidcus (Bacillus)s 6SS 
Ihompson {Snlmonelln), 510 
thomsoni (Micrococcus)j 303 
thoracis (Bacillus) y 757 
thuillieri (Actinomyces), 410 
thuillien (Bacillus), 410 
thuillieri (Xocardia), 410 
thuillicri (Pasteurella), 410 
thuringicnsis (Bacillus), 716, 759 
thuringiensis (Bacterium), 710 
tilsilense (Plucamobactenum), 691 
tim {Salmonella), 525 
tingens (Bacillus), 670 
tiogense (Achrornobacter), 426 
tiogensis (Bacillus), 426 
tiogcnsis (Bacterium), 426 
'Pissiena, 20, 21, 22, 23, 27 
Tissicnllus, 11, 763 
tizzonii (Bactei lum), 553 
tolaasi (Bactci lum ), 12N 
tolnasn (Phytomonas), 12S 
lolaa&ii (PsrudoiiKJimsi, 128 
tolcga (Cifccohacillus), 702 
toloraiis (Ph:ig;us), 1139 
toluolicnm (Bacillus), 670 
tomato (Bacterium), 113 
tomato (Phutomonas), 113 
tomato (Ps{‘udoni(nias), 113, 1136 
tomentosum (Bactci itim), 7ls 
tommasoLi (Micrococcus), 257 
tonelliann iPhyiomouas), 132 
tonc*lIiaiia fPscMKionioiiasj, 132 


tonctlianum (Bacterium), 132 
tonsillaris (Microspira), 207 
(onsillans (Vibrio). 207 
tonsillaris (Vibnothrix), 21S, 833 
Tortor, 1276 

tortupsa (Gallionella), 832 
toriuosum (Bacterium), 688 
tortuosum (Eubactcrium), 367 
tortuosus (Bacillus), 367, 688 
tortuosus (Bactcroides), 367 
Torula, 179 

torulosiim (Uhizobium), 225 
tossicus (Actinomyces), 918 
tostus (I^aeillus), 736 
touloncnsis (Vibrio), 207 
toxicatus (Micrococcus), 279, 341 
toxicaius (Streptococcus), 344 
toxigenus (Bacillus), 670 
toxinogencs (Clostridium ). 822 
toyamenis (Pseudomonas), 637 
traclu'iphila (Krwinia), 467, 168 
trachciphilus (Bacillus), 167 
t rack I iph lilts (Ba ctciiu m ), 167 
tracheiphilus var. cucumis (Bacillus), 468 
ItachcUiS (Bacillus), 757 
irtichomac (Jiickcttsiu), 1114 
tiacliomntis (Bacillus), 51K) 
trachomatis (C^ilaniydozoon), 1114, 1115 
liachomatis (Micrococcus), 279 
tiachomatis [Rickettsiae), 1111 
tiochomatis conjunctivac (Mia ococcus), 
260 

traliicida (Ccllulomonas), 106 
trahuida iPseudomonas), 106 
irnmbusli (Bacterium), 670 
trarnbuslu (Bacillus), 670 
Uanstapsulatus iAcrobactci), 454 
tiansluccns (Baclei iiim), 162 
transluccns (Phiftomonas), 162 
franslucens (J*Sf udornonas i, 162 
transluccns (Xanthomouas), 102, 163 
translucens f sp. cercalis (Xanthomonas), 
163 

liausluccns (. sp horda (Xanthamouas), 
162 

translucctLS 1' sp. hoidcr -avi tiac (Xantho 
monas), 163 
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tran-tube 


translucens f. sp. secalis {X ant horn onas), 
162 

iranslucenB f. sp. undulosa (Xantho- 
inona8)y 162 

translucens var. phleipratensis (Xan- 
thomonas), 703 

translucens var. secalis (Bacterium)y 162 
translucens var. secalis (Phytomonas) y 162 
translucens var. secalis (Pseudomonas), 
162 

translucens var. undulosa (Phytomonas), 
162 

translucens VAT, undulosa (Pseudomonas), 
162 

translucens var. undulosurn (Bacterium), 

162 

transvalerisis (Actinomyces), 006 
transvalensis (Nocardia), 906 
trapanicum (Bacterium), 442 
trapameum (Flavobacterium) (Balo 
bacterium), 442 

trautiveinii (Thiobacillus),i<\, 6SK 
tremaergasius (Bacillus), 670 
tremelloidcs (Bacillus), 442 
iremelloides ( Bacierium ), 4 42 
tremelloidcs (Flavobactci ium), 442 
tremulans (Bacillus), 688 
tremulans (Bacterium), 68S 
tremulans (Vibrio), 688 
Treponema, 12, 19, 20, 26, 28, 34 , 35,1071 
treubii (Siderocapsa), 833 
tributyrus (Micrococcus), 279 
tncalle {Treponema), 1076 
Trichobacterium, 28 
trichodectac (Rickettsia), 1097 
trichogenes (Leptothrix), 984 
trichoides (Bacillus), 576 
trichoidcs (Baderoutes), 576 
trichoides (Ristella), 576 
trichorrhexidis (Bacterium^, 688 
Trichothecium sp., 919 
tricolor (Actinomyces), 935 
tncomii (Bacillus), 757 
triconiii (Bactenum), 757 
trifoliatus {Streptococcus), 344 
trifolii (Bacillus), 757 
trifolii (Flavobacterium), 173 


trifolii (Marmor), 1187 
trifolii (Pseudomonas), 173 
trifolii (Khizohium), 225,226 
trifoliorum (Bacterium), 120 
trifoliorum {Phytomonas), 120 
trifoliorum (Pseudomonas), 120 
Trifur, 1282 

tiriglae (Treponema), 1076 

triloculare (Bacterium), 5, 5%, 597 

trimeres (Spirochacla), 1079 

trimerodonta (Leptospira), 1079 

trimerodonta (Spirochada), 1079 

tnmethylamin (Bacillus), 671 

tritici (Bacillus), 630 

iritiri (Bacterium), 400 

tr'iici (Corynf lmctenuin), 400 

tritici fFractilinea), 1181 

tntici (Marmor), 1192 

tritin ( Micrococcus), 279 

tritici {Phytomonas), 400 

tntici (Pseudomonas), 4(K), 63'> 

tntus (Baeillus), 757 

trommclsehUujel {Bucillus), 149 

trommehchUujel (Pseudomonas), 149 

tropicus IAuroeorrus), 250 

tropicus (Banllus), 71(> 

tropidonatum (Mycobacterium), 885 

tropidifOoti iSpirorhacta), 1070 

tiopidonoti (Spirnnema), 1070 

tropiduri (Treponema), 1076 

trujfauti (Bacillus), 710 

truncatum (Badenum), 324,6«S8, 762 

tnitiae (Bacillus), 671 

tsut.sugamu.shi (Hicketlsia», 1089, lOtX). 

1091 

tsutsuynmushi (Thcilcna), 1089 
(su(siigatnushi~ot ientahs (Rickettsia). 

1090 

tiiberculntum {Photobacter), 637 
tnbercuhfonnis (Bacillus), 369 
tiiberculiftomis intestnialis (Bacillus^ 

369 

tubciculoi um (Cladocutnum), 224 
tubercuhmis [Bacillus), 877 
tuhiiculosis (Bactenum), S77 
tubeiculosis {Coerotfinjr), 877 
tuberculosis (Discomyccs), S77 
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tvberculo9i8 (Eumyces), 877 
tuberculosis (Mycobacterium), 877 
iubereulo9i8 (Sclerothrix)^ 877 
tuberculo8i8 typus bavinus (Mycobac- 
terium), 879 

iuberculo8i8 typus gaUinaceua (Myco¬ 
bacterium), 879 

iuberctdoeis typus kumanus (Mycobacter¬ 
ium), 877 

tuberculosis var. bovis (Mycobacter¬ 
ium), 878, 879 

tuberculosis var. hominis (Mycobacter¬ 
ium), 877,878,879 
tuherculosia avium (Bacillus), 879 
tuberculosis avium (Mycobacterium), 879 
tuberculoeis gallinarum (Bacillus), 879 
tuberculosis piscium (Bacillus), 883 
tuberculosis zoogloeicae (Bacillus), 550 
tuberculosus (Micrococcus), 279 
tuberigenus (Bacillus), 225 
tuberigenus f (Bacillus), 657 
tuberigenus S (Bacillus), 663 
tuberiginus 4 (Bacillus), 656 
tuberigenus 5 (Bacillus), 689 
tuberigenus 6 (Bacillus), 678 
tuberigenus 7 (Bacillus), 661 
tuberigenus (Micrococcus), 225 
tuberis (Bacillus), 757 
tuberosa (Microspira), 637 
tuberosum (Bacterium), 688 
tuberosum (Photobacterium), 637 
tuberosus (Bacillus), 688, 757 
tvbifex (Bacillus), 757 
tularense (Bacillus), 551 
tularense (Bacterium), 551 
tularense (Coccobacterium), 551 
tularensis (Brucella), 551 
tularensis (Pasteurclla), 661 
tulipae (Marmor), 1182 
tumefaciens (Agrobacterium), 227, 22<s 
229, 1129, 1134, 1135 
tumefaciens (Bacillus), 227, 775, 824 
tumefaciens (Bacterium), 227 
tumefaciens (Clostridium), 775 
tumefaciens (Phytomonas), 227 
tumefaciens (Polymonos), 228 
tumefaciens (Pseudomonas), 227 


tumescens (Bacillus), 632, 714, 715 
tumescens (Corynebacterium), 397 
tumescens (Zopfiella), 714 
tumida (Ristella), 571, 576 
tumidus (Bacillus), 671 
tumidus (Bacteroides), 671, 576 
tumoris (Molitor), 1242 
tumoris (Phagus), 1134 
turbidans (Acetobacter), 189 
iurbidus (Streptococcus), 344 
iurbidus (Vibrio), 703 
turcosa (Bacillus), 175 
turcosa (Pseudomonas), 176, 701 
turcosum (Bacterium), 688 
turcosum (Flavobacterium), 175 
turgescens (Bacterium), 716 
turgidum (Bacterium), 761 
iurgidus (Bacillus), 757 
turgidus (Tyrothrix), 757 
turicaiae (Borrelia), 1064 
iuricaiae (Spirochaeta), 1064 
tussis convulsivae (Bacillus), 589, 737 
tussis convulsitae (Bacterium), 586, 589, 
590 

tympam-cumcuh (Banllus), 757, 818 
typhi (Acystia), 515 
typhi (Bacillus), 515 
typhi (Bacterium), 515 
typhi (Bacterium) (Eberthella), 515 
typhi (Corynebacterium), 368, 387, 406 
typhi (Dermacentroxenus), 1085, 1087 
typhi (Eberthella), 515 
typhi (Rickettsia), 1086,1086,1087, 10«88, 
1090 

typhi (Salmonella), 493, 515 
typhi abdominalis (Bacillus), 515 
typhicus (Bacillus), 701 
typhiexanthematici (Bacillus), 405 
typhi-exanihemaiici (Bacterium), 406 
typhi exanthcmaiici (Corynebacterium), 
406 

typhi exanihemaiici (Eubacterium), 368, 
406 

typhi-exanthematici (Fusiformis), 406, 
583 

typhi flavum (Bacterium), 533 
typhi gallinarum (Bacillus), 520 
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typhi yallinarum alcdlifaciens (Bacillus) ^ 
520 

typhi murium (Bacillus), 502 
typhi murium (Bacterium), 502 
typhimurium (Salmonella), 493,495, 602, 
503, 511, 523, 669 

typhimuriuvi (Type Binns) (Salmonella), 
503 

typhi-murium var. Binns (Salmonella), 
503 

typhimurium var. Copenhagen (Salmo¬ 
nella), 503 

typhisuis (Bacillus), 509 
typhi-suis (Bacterium), 50{) 
typhisuis' (Salmonella), 496, 609, 510 
typhisuis var. Voldagsen (Salmonella), 
509, 510 

typhoideus {Micrococcus), 279 
typhosa (Ehcrthelhi), 45, 515 
typhosa (Salmonella), 492, 493, 497, 516, 
516,521,533,701, 1130,1137 
typhosum (Bacirnum),b\b 
typhosus (Bacillus), b\5, 059,1137 
typhosus (Ebcrthus ), 515 
typhosus (\'ibrio), 515 
tyrobutyricum (Clostridium), 772, 824 
tyrogena (Microspira), 1% 
tyrogenum (Spinllum), 196 
tyrogemis (Streptococcus), 344 
tyrogenus (Vibrio), 196 
tyrosinaticn (Microspira), 202 
tyrosinogeru's (Bacillus), 711, 783 
tyrosinogciies (C’loatridium), 783 
Tyroihrix, 301, 737, 750, 763 
tyzzeri (Bartonella), 1105 
tyzzori (Ilacmobartonella), 1106 

uheris (Streptococcus), 335, 336 
uhicuitarius (Bacillus), 757 
uhiquitum (Achromobacter), 426 
ubiquitus (Bacillus), 426 
ubiquitus (Bacterium), 426 
uda (Cellulomonas), 614 
udum (Bacterium), 614 
uffreduzzii (Bacillus), 671 
Uganda (Salmonella), 522 
ukilii (Bacillus), SIS 


ukilii (Clostridium), SIS 
ukrainica (Bartonella), 1108 
ukrainica (Haemobartonella), 1108 
ulceris (Micrococcus), 279 
ulceris (Scelus), 1288 
ulceris cancrosi (Bacillus), 587 
ulceris cancrosi (Bacterium), 587 
ulceris mollis (Micrococcus), 279,341 
ulcerogenes (Corynebacterium), 406 
uliginosum (Flavobacterium),6S0 
ulmi (Micrococcus), 279 
ulmi (Morsus), 1164 
ulna (Bacillus), 671, 757 
Ulvina, 25, 27,179 
umbelliferarum (Mannor), 1176 
umbilicaius (Bacillus), S7l 
umbilicatus (Micrococcus), 279 
TJmbina, 179 

umbonatus (Thiobacillus), 81 
uncata (Ristella), 569, 576 
uncatus (Bactcroides), 669, 576 
undula (Spirillum), 213 
undula (Vibrio), 2\S 
undula majus (Spirillum), 215 
undula minor (Spirillum), 213 
undulata (Holospora), 1122 
undulata (Pseudomonas), 149 
undulata (Spirochaeta), 1062 
undulatum (Treponema), 1062 
undulatus (Bacillus), 716, 762 
ungulata (Treponema), 1076 
uniforme (Bacterium), 688 
uniformis (Bacteruidcs), 672, 573, 576 
uniformis (Ristella), 572, 576 
upcottii (Actinomyces), 961 
upcottii (Strcptomyces), 961 
upsiloii (Mannor), 1155,1172, 1175 
urbana (Salmonella), 530 
ureae (Albococcus), 238, 266 
ureae (Bacillus), 688, 742 
ureae a (Bacillus), 729 
ureae (i (Bacillus), 742 
ureae y (Bacillus), 744 
ureae II and III (Bacillus), 729 
ureae (Bacterium), 6»89 
ureae (^fcrista), 237 



urea-vagi 
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urcae (Micrococcus)* 237, 251, 252, 257, 
260, 263, 264 , 265, 266, 260, 272, 274, 
275, 277, 270, 282 
ureae (Flanosarcina) ^ 280 
urcae {Plocamobacterium), 688 
uroiie (Pseudomonas), 91 
ureao (Sarcina), 289, 290, 201, 293 
u rene (N porosarc i« a i, 289 
ureae (Staphylococcus)^ 23S 
ureae (Streptococcus), 237 
ureae (Torula), 279 
ureae (Crococcus), 23S 
ureae cnndulus (Staphylococcus), 282 
ureae liquefaciens (Micrococcus)^ 266 
ureae liquefaciens (Staphylococcus) j 266 
arctic (non pyogenes) {])iplococcus)^ 345 
urcac non pyogenes (Staphylococcus)^ 282 
urcae (non pyogenes) rugosus (Strepto¬ 
coccus )y !143 

urcac (non pyogenes) trifoliatus (Diplo- 
coccus), 344 

ureae pyogenes (Diplococcus), 339 
ureolyiicum (Clostridium), 822 
urethrae (Spirochaela), 1070 
urethrae (Sptroschaudinnia), 1070 
urethrae (Streptobacillus), 590 
urethrae (Treponema), 1070 
urethrale (Treponema), 1074 
urethrahs (Spirochacta), 1074 
ureihridis (Actinomyces), 918 
nrinac (Bacillus), 671,698 
urinae (Merismopedia), 294 
urinae (Sarcina), 294 
urinae (Streptococcus), 3Ao 
urinae acrobius (Bacillus), 647 
urinae albus olearius (Micrococcus), 260 
urinae claviformis (Bacillus), 651 
urinae diffluens (Bacillus), 653 
urinae equi (Pediococcus), 250 
urinae fertilis (Bacillus), 655 
urinae Jlavus olearius (Micrococcus), 269 
urinae liquefaciens (Bacillus), 660 
urinae major (Bacillus), 661 
urinae major (Micrococcus), 267 
urinae mollis (Bacillus), 663 
urinae pellucidus (Bacillus), 664 
urinae striatus (Bacillus), 660 


urinae tenuis (Bacillus), 670 
urtnalbus (Micrococcus), 270 
urinaria (Kocardia),^!^ 
urinarius (Actinomyces), 976 
Vrobncillus, 8, 705, 729 
urocephalum (Bacillus), 823 
urocephalum (Bacterium), 823 
urocephalum (Granulohacter), 822 
urocephalum (Tyrothrix), 82^ 
urococcus, 235 

uromutabile (Bacterium), 452 
Vrosarcina, 285 
ursidae (Treponema), 1076 
uruguae (Micrococcus), 279 
usbekistanica (Spirochaeta), 1070 
utiformica (Bacterium), 120 
uliformica (Phytomonas), 120 
utiformica (Pseudomonas), 120 
utpadeli (Bacillus), 1 
utriculosus (Aficrococcus), 280 
uvae (Bacillus), 478 
uvae (Bacterium), 478 
uvae (Erwmia), 478 
uvaeformis (Bacillus), 757 

vaccinac (Corynchacterium), 401, 406 
vacctnae (Micrococcus), 345 
vaccinae {Microsphaera),ZA5 
vacctnae (Spirochaete), 1074 
vaccinae (Streptococcus), 
vaccinae (Treponema), 1074 
vaccinii (C’hlorogenusj, 1160 
vacillans (Microspira), (5%, 1(X)1 
vaculatus (Bacillus), 757 
cncuolaia (Microderma), 76 
vacuolatus (Bacillus), Q7\ 
vacuolatus (Bacterium), Q71 
vacuolosus (Bacillus), 718 
vadosa (Pseudomonas), 701 
vaginae (Bacillus), 362, 363, 401,693 
vaginae (Bacterium), 693 
vaginae (Plocamobacterium), 362, 400 
vaginalis (Bacillus), 362, 363 
vaginalis (Coccus^, 250 
vaginalis (Leptothrix), 366 
vaginalis (Leptotrichia), 366 
vaginalis (Spirochaeta), 1074 
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vaginalis {Treponema 1074 
vaginalis longus {Bacillus) j 362 
vaginaturn iThionema),^5 
vaginatus {Jodococcus), 251,679 
vagimcola {Herrellea)^ 595 
vagm pneumume {Bacterium), 647 
vaillardi {Bacterium), 689 
valerianicum {Clostridium), S22 
valeriei {Bacterium), 450 
valeriei {Proteus), 
validus {Bacillus), 757 
valinovorans {Bacillus), 757 
vallis (Charon), 1267 
Vallonllus, 11,763 
valvulae {Actinomyces), 922 
valvular iSocardia),\)22 
valvulae destruens hovis (Oospora », 922 
valvulnn^s {Actinomyces), 922 
valvularis destruens bovis (Sticptotknxi, 
922 

van tiv(jlicmi {I ’lovoi cus), 2S2 
vanahtU {Bacterium), 42 
variabile (( mma), 4()2 
variahilis (Actinomyces^, 91S, 971 
variahilis (Bacillus), 573 
variabilis (Bactc'roidrs), 673, 577 
variahilis {Capsulaiis), 573, 577 
variahilis, {Dialislcrca), 21 
variahilis (Kurthia), 
variahilis {Leptothrix),^^)^ 
variahilis (Leptotnehia), 367 
variahilis (Myxoboti ys), 1036, 1037 
variahilis (Rasmusseriia), 367 
variahilis (Sarcnui), 291, 294 
variahilis lymphae vaccinal is (Bacillus), 
401 

varians (Bacillus), 757 
varians (Kperythrozoon), 1112 
varians (Micrococcus), 240, 251, 261, 
265, 267, 26S, 270, 271,273, 275, 276, 278, 
280 

varians lactis {Microcuccus\ 2S0 
variccllac (Briareus), 1233 
variccllae (Sii cptococcus), 345 
varicosum (Bacterium), 689 
varicosus conjunctivae (Bacillus), 689 
varicosus conjunctivae (Bacterium), 6S9 


variegala {Dialisterea), 21 

variegata (Saretna), 2{)i 

variegala (Zuherclla), 578 

vartegalus (Bacillus), 578 

variegatus (Bacteroides, 578 

vanococcas (Micrococcus ), 280 

variolac (Borrcliota), 1231 

Vanolae I Micrococcus), 315 

variolac (Streptococcus), 345 

varwlae (Strongyloplasnia), 1231 

variolac ovinac (Micrococcus), 345 

variolac-ovinne (Streptococcus), 345 

vanolac var hominis (Borrelioia), 1232 

van 08 um (Baclerinm) , 689 

varius (Bacteroides), 667, 579 

va,ius iSpherophorus), 567, 579 

vascuho urn (Bacillus), 163 

vascuhn ‘fm (Bacterium), 1G3 

vascuhr urn (Phytomonas), 103 

vasculo' urn (Psend(anonas), 163 

vascuiaruiu (Xanthoinonas), 163, 639 

vassaJii {Bacterium), 553 

vast alls (Aureogciius), 1165 

vastans {Mannor), 1155 

castans \ar. agalliae {Aurcognius), 1156 

vastans var. Icthalc [Aureogenus), 1156 

vastans var. vulgarc (Aureogenus), 1185 

veboda {Bacillus), 532 

vchoda (Bacterium), 532 

veboda (Salmonella), 532 

vegetus (Bacillus) 671 

Veillonella, 29, 31,33, 34, 302, 303 

vcjdovskn (Pataspirillum), 21s 

vrjle (Salmonella), 523 

vekanda {Bacillus), 451 

vekanda yBacterium), 451 

vekanda (Pntcroidcs), 151 

v(kanda {Escht nchia), Aol 

veJatum (Bacterium), 6S9 

vclatus (Bacillus), 6S9 

vclenosum (Bacterium), 553 

velox (Bacillus), 671 

velutina (Sarcina), 291 

vendrelli (Bacillus), 701 

ccndrcUi (Pseutlomonas), 701 

veiiemferum (Marmor). 1194 

venenosum (Acliromobacter), 127 
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venenosus (Bacilliia), 427, 671 
venenoaus (Bacterium), 671 
venenosus brevis {Bacillus), 671 
renesosus brevis (Bacterium), 671 
venenosus invisibilis (Bacillus), 671 
venenosus invisibilis (Bacterium), 671 
venenosus liquefaciens (Bacillus), 671 
veneris (Cristispira), 1057 
veneiaenia (Murialba), 1172 
vencziana (Salmonella), 526 
venezuelensis (Borrelia), 1064 
venczuelensis (Neisseria), 301 
venezuelensis (Spirochaeta), 1064 
venezuelensis (Treponema), 1064 
ventricosus (Bacillus), 671, 758 
ventriculi (Bacillus), ^71 
ventriculi (Merismopedia), 286 
ventriculi (Planomerista), 284 
ventriculi (Sarcina), 286, 291 
ventriculi (Zymosarcina), 
ventriculosus (Bacillus), 818 
ventriculosus (Clostridium), 818 
ventriculus (Bacillus), 758 
ventriosus (Bacillus), 353 
ventriosus (Bacteroides), 353 
veniurelli (Bacillus), 804 
venturelli (Endosporus),^4 
venturellii (Clostridium), 804 
vermiculare (Bacterium), 7IS 
vermicularis (Bacillus), 718 
vermicularis (Sarcma), 294 
vermiculosus (Bacillus), 671 
vermiculosus (Bacterium), S71 
vermiforme (Bacterium), 362 
vermiforme (Betabacterium), 362, 830 
vermiforrnis (Bacillus), 362 
vermiformis (Sarcina), 294 
vermiforrnis (Streptococcus), 345 
verne (Actinomyces), 936 
verne (Streptomyces), 936 
verneti (Gaffya), 284 
vernicosum (Bacterium), SS^ 
vemicosus (Bacillus), 758, 689 
verrucac (Galla), 1158 
vcrrucae (Molitor), 1241 
verrucae vulgaris (Bacillus), 684 
verrucosa (Streptothrix), 924 


vcrrucosans (Ruga), 1219 
verrucosum (Bacterium), 762 
Verrucosus, 763 

verrucosus (Actinomyces), 924,974 
verrucosus (Bacillus), 782 
versatilis (Bacillus), 671 
versatilis (M?crococcus), 278, 279, 280 
versatilis (Sireptococcus),S4b 
versicolor (Galaciococcus), 250 
versicolor (Micrococcus), 280 
verticillaium (Bacterium), 758 
verticillatus (Bacillus), 758 
vesciculosa (Escherichia), 452 
vescus (Bacteroides), 668 
vescus (Fusiformis), 568 
vesicae (Bacillus), 758 
vesicae (Micrococcus), 280 
vestcans (Micrococcus), 280 
vesicatoria (Phytomonas), 163 
vesicatoria (Pseudomonas), 163, 740 
vesicatoria (Xanthomonas), 160, 163, 
164, 1134 

vesicatoria var. raphani (Bacterium), 164 
vesicatoria var. raphani (Phytomonas), 
164 

vesicatoria var. raphani (Xanthomonas), 
164 

vesicalorium (Bacterium), 145,163 
vesicosus (Micrococcus), 280 
vesiculiferus (Bacillus), 671 
vesiculiferus (Micrococcus), 280 
vesiculiformans (Bacillus), 451 
vesiculifonnans (Escherichia), 452 
vesiculosum (Bacterium), 452, 689 
vesiculosus (Bacillus), 452 
vespertilionis (Spirillum), 1070 
vesperiilionis (Spirochaeta), 1070 
vespertilionis (Spironema), 1070 
vespertilionis (Spiroschaudinnia), 1070 
vesperuginis (Spirochaeta), 1070 
vesperuginis (Spironema), 1070 
vialis (Bacillus), 671 
viator (Bacillus), 671 
vihrans (Ascococcus), 250 
Vibrio, 5, 7, 15, 18 , 21, 25 , 28 , 29, 31, 33, 
192, 216, 763 

vibrioides (Caulobacter), 832 
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vibr-vire 


vibrian (Rivoltillus) ^ 775 
Vibriothrix, 218 
viburni (Bacterium) ^ 134 
viburni (Phytomonas), 134 
viburni (Pseudomonas), 134 
viciae (Bacterium), 136 
viciae (Phytomonas), 136 
viciae (Pseudomonas), 136 
vignae (Bacterium), 119 
vignae (Marmor), 1188 
vignae (Phytomonas), 119 
vignae (Pseudomonas), 119 
vignae var. leguminophila (Phytomonas), 
120 

vignali (Bacterium), 440 
vignalis (Bacillus), 440 
vignicola (Xanthomonas), 703 
villosum (Bacterium), 
villosum (Plocamobacieriuni), 689 
villosus (Bacillus), 671, 672, 680, 758 
vincenli (Fusiforinis), 581 
vincenti (Heliconemn), 1064 
vincenti (Spirochaeta), 1063 
vincenti (Spiioncrna), 1063 
vincenti (Spiroschaudinnia), 1063 
vincenti (Treponema), 1063 
vincenti var. hronchialis (Spirochaeta), 
1070 

vincentii (Borrclia), 1063i 1068,1069,1070 

vincenzii (Micrococcus), 280 

vinelandii (Azoiobacter), 219, 220 

vini (Micrococcws), 280 

vini (Streptococcus), 345 

vini aoctati (Bacterium), 188 

vinicola (Bacillus), ^T2 

cinicoln (Bacterium), 689 

viniperda (Bacillus), 672 

viniperda (Bacterium), 680 

viniperda (Micrococcus), 2SO 

vinosa (Monas), 858 

vinosum (Bacterium), 858 

vinosum (Chromatium), 868, 859 

vinosus (Bacillus), 858 

violacea (Cladothrix), 974 

violacea (Lampropedia), 844 

violacea (Mensmopedia), 250, 844 

violacea (Nocardia), 974 


violacea (Oospora),974: 
violacea (Planosarcina) , 847 
violacea (Pseudomonas), 7, 231 
violacea (Streptotrix), 974 
violacea (Thiocystis), 847 
violaceoniger (Streptomyces), 947 
yiolaceum (Agmenellum), 844 
violaceum (Bacteridium), 231 
violaceum (Bacterium), 231, 232 
violaceum (Chromatium), 868, 859 
violaceum (Chromobacterium), 231, 234 
violaceum (Cromobacterium), 231 
violaceum (Spirillum), Sb2 
violaceum (Thiosphaerion), 859 
violaceum (Thiospirillum), 862, 859 
violaceum amethystinum (Bacterium), 232 
violaceum laurentium (Chromobacterium), 
233 

violaceum lutetiense (Chromobacterium), 
233 

violaceum manilae (Chromobacterium), 
m, 234 

violaceus (Actinomyces), 935, 974 
violaceus (Bacillus), 231,233, 758 
violaceus (Discomyces),07A 
violaceus (Micrococcus), 231 
violaceus (Pediococcus), 250, 844 
violaceus (Streptococcus), 231 
violaceus (Thermobacillus), 735 
violaceus berolinensis (Bacillus), 234 
violaceus-caeseri {Actinomyces), 951 
violaceus laurenticus (Bacillus), 232, 233 
violaceus laurentius (Bacterium), 233 
violaceus lutetiensis (Bacillus), 233, 661 
violaceus manilac (Bacillus), 2^4: 
riolaeeus-nigcr (Actinomyces), 947 
violaceus ruber (Actinomyces), 935 
violaceus sacchari (Bacillus), (Ail 
violaceus sacchat i (Baderiurn ), 6 47 
violaceus sarloryi (Bacillus), 233 
violarius (Aerobacillus), 720 
violarius acetonicus (Bacillus), 720 
Virchow (Salmonella), 511 
virchowii (Salmonella), 511 
virchowti (Sarcina),2A)i2 
virens (Bacillus), ^12 
vircscciis (Bacillus), 149 
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virescens (Bacterium) y 701 

viresccns (Myxocuccus), 1006,1007,1008, 

1042 

virescens {Bseudomonas)y 149, 701 
virgatum (Manuor;, 1202 
virgatum var. (gpicum (Maimor)^ 1202 
virgatum var. viride {Marmor)y 1202 
virgatus (Bacillus) y 7IS 
Virginia (Salmonella)j 515 
virginiaiium (Spirillum), 214 
VirgulUy 32 

virgula (Bacterium), 762 
virgula (Tyroihrix)^ 762 
viridans (BaciUus)y 149,672 
viridans (Pseudomonas)y 149 
viridans (Streptococcus) y ,321 
viridans (Vibrio)y 703 
viride (Bacterium) y 6(S9, 762 
virtdescens (Pseudomonas) y 150 
viridescens liquefaciens (Bacillus)y 150 
virtdescens non-liquejaciens (Bacillus), 
672 

viridescens non-liqucJaciens (Bacterium), 
672 

viridifaciens (Bacterium), 119 
viridifactens (Phytomonas) y 119 
viridifaciens (Pseudomonas), 119 
viridiflava (Phytomonas), 127 
viriditiava (Pseudomonas), 127 
viridiflava var. concentnca (Phytomonas), 
127 

viridiflava var. concentnca (Pseudo¬ 
monas), 127 

viridi-flavescens (Staphylococcus), 261 
vnidiflavum (Bacterium), 127 
vindiflavum var. concenlricum (Bac¬ 
terium), 127 

vindi-glaucescens (Bacillus), 758 
vindilivida (Phytomonas), 114 
viridilivida (Pseudomonas), 114 
viridilividum (Bacterium), 114 
viridi-luteus (Bacillus), 693, 758 
vindis (Actinomyces), 974 
viridis (Bacillus)j 660, 762 
vtridis (Bacterium), 660 
viridis (Cellfalcicula), 211 
viridis (Micrococcus), 261 


viridis (Nocardia), 908 
viridis (Proactinomyces)y 908 
viridis (Pseudomonas), 150 
vindis (Streptoihrix), 974 
viridis-flavescens (Micrococcus), 261 
vindis flavescens (Sarcina), 294 
vindis flavescens (Staphylococcus), 261 
vindis paUescens (Bacillus), 149 
vtridis pallcscens (Bacterium), 699 
vindochiomoijenes (Actinomyces), 942 
viridochromogenes (Streptomyces), 942 
viridulum (Bacterium), 736 
viridulus (Bacillus), 736 
virosum (Chromatium), 865 
nscidum (Bacterium), 689 
nscijaciens (Clostridium), 774 
insco-coccoidium (Bacterium), 411 
viscofucaium (Bacterium), 234 
viscofucatum (Chrornobacteri um ), 234 
viscofucatiis (Bacillus), 2M 
\iscogenum (Ijactobacterium), 364 
viscosa (Eberthella), 541 
viscosa (Pseudomonas), 90, 97, 701 
viscosa (Shigella), 541 
viscosuin (.Acetobacter), 188 
viscosum (Achromobacter), 414 
viscosum (Agarbaeterium), 629 
viscosum (Bacterium), 414, 680, 683, 689, 
701,760,788 

viscosum (Chromobactenum), 234 
viscosum (Clostndium), 822 
viscosum (Plocamobactenurn), 692 
viscosum equi (Bactei lum ), 540 
viscosum non -liquefaciens (liacteri urn ), 
689 

viscosus ( Alcaligeiies), 414, 692 
viscosus (Bacillus), 90, 689, 758 
VISCOSUS No. / (Bacillus), 680 
VISCOSUS (Bade/aides), 577 
VISCOSUS (iJiplococcus), 271 
VISCOSUS (fMctobacillus), 414 
VISCOSUS (Micrococcus), 280, 340 
viscosus (Staphylococcus), 701 
VISCOSUS (Streptococcus), 345 
VISCOSUS var. dissimilis (Alcaligenes), \\A 
mscosus hruxcllcnsis (BactUus), 758 
viscosus cercvisiae (Bacillus), 680 


1526 



INDEX OP NAMES OP GENERA AND SPECIES 


visc-weig 


viscosus cerevisiae (Bacterium), 680 
mecosus laciie (Bacillus), 414 
viscosus laciis (Bacterium), 414 
viscosus laciis (Micrococcus), 280 
viscosus margarineus (Bacillus), 6S0 
viscosus ochraceus (Bacillus), 761 
viscosus sacchan (Bacillus), 689 
viscosus vini (Bacillus), 689 
visco-sgnibioticum (A chromohacter), 427 
viscu-symhioticum (Bacillus), 427 
visicidus (Micrococcus), 696 
vitalfs (Bacillus), 710 
viiarumen (Flauobacieriurn), 613 
vitcllinum (Polyaiigium), 1026, 1030 
vitians (Bacterium), 153 
vitians (Pkytomorias), 153 
vitians (Pseudomonas), 153 
vitians (Xanthomonas), 153 
viHala (Phytomonas), 640 
viticola (Bacillus), 758 
viticola (Marmor), 1198 
viticulosiis (^^^crococcus), 280 
vitis (Bacillus), 639, 758 
vitivora (Krwinia^ 466, 478 
vitivorus (Bacillus), 466 
vitrca (Ilydrogenoinoiias), 77, 78 
vitreum (Azotobacter), 220 
vitreus (Bacillus), 758 
vitulac (Tarpoia), 1272 
vitulinum (Bacterium), 689 
vituliseptica (Pasteurella), 648 
vitulisepticum (Bacterium), 548 
vitulisepticus (Bacillus), 548 
vitulorum (Bacterium), 689 
vitulorum (Streptococcus), 345 
vivai (Spirochacta), 1054 
vivax (Treponema), 1054 
vivorrae (Tarpeia), 1273 
vogelii (Bacillus), 758 
voldagsen (Bacillus), 510 
volubilis (Leptothrix), 986 
volutans (Achromatium), 998, 999 
volutans (Spirillum), 216, 217 
volutans (Thiophysa), 998, 999 
volutans (Thioporphyra), 859 
voukii (Thiothrix), 990 
vuillemini (Bacillus), 640 


vulgare (Bacterium), 486 
vulgare (Caseobacterium), 356 
vulgare (Hyphomicrobium), 837 
vulgaris (Bacillus), 
vulgaris (Cellvibrio), 210 
vulgaris (Micrococcus), 
vulgaris (Micromonospora), 980 
vulgaris (Protous), 486, 487, 490, 491,672 
vulgaris (Putrihacillus), 799 
vulgaris (Siderocystis), 835 
vulgaris (Streptococcus), 345 
vulgaris (Thennoajctinomyces) 
vulgaris (Thermobacillus), 733 
vulgaris (Bacterium) (Proteus), 487 
vulgata (Pasteurella), 570 
vulgatus (Bacillus), 709, 711, 743, 745, 747, 
74S, 762 

vulgatus (Hacteroides), 669, 572, 577 
vulpinus (Bacillus), 672 
vulpis Tarpeia), 1273 

Wakefield (Bacterium), 543 
waksmannii (.1 ctinomyces), 935 
wallemia (Streptolhrix), 977 
wardn (Bacillus), Q72 
warmingii (Chromatium), 867, 859 
warmingii (Monas), 857 
warmingii forma minus ((9iromatium), 
867, 858 

washingloma (Phytomonas), 697 
watareka (Bacillus), 5^2 
watareka (Bacterium), ^2 
watareka (Salmonella), 532 
watzmannii (Bacillus), 758 
weckeri (Bacillus), 672 
wedmorensis (Actinomyces), 974 
weeksi (Bacillus), 5S9 
wehmeri (Bacillus), 359 
wehmeri (Lactobacillus), 359 
weibelii (Microspira), 202, 206 
weichselbaumii (Bacillus), 655 
weichselbaumii (Neisseria), 296, 297 
weichselbaumii (Streptococcus), 297 
weigli (Rickettsia), 1097, 1098 
weigmanm (Aromabacillus), 736 
weigmanni (Bacillus), 758, 782 
weigmanni (Pseudomonas), 150 
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WeinhergiUuB, 11, 763 
weiaii {Phromatium)^ 867 
weissei (Chromatium), 866, 867 , 868 
weisaii (Bacillua), 867 
weiaaii (Bacterium), 867 
tDeiaaii (Chromatium), 867 
weiaaii (Streptccoccua), 346 
Welchia, 20,22, 33,34,763 
welchii (Bacillua), 62,369, 790 
wdchii (Bacterium), 790 
welchii (Cloatridium), 43, 369, 790 
welchii (Type agni) (Cloatridium), 790 
welchii Type A (Bacillua), 790 
welchiiType B (Bacillua), 790 
welchii Type C (Bacillua), 790 
welchii Type D (Bacillua), 790 
Wdchillua, 11, 26, 27,763 
welckeri (Sarcina), 294 
welckeri (Meriamopedia), 294 
wdtevreden (Salmonella), 524 
wenyoni (Bartonella), 1112, 1113 
wenyoni (Eperythrozoon), 1112 , 1113 
wenyoni (Haemdbartonella), 1113 
werahenaia (Bacillus), 632 
werahenaia (Salmonella), 532 
werneri (Clostridium), 808 
weaenberg (Bacillua), 534, 672 
weaenbergi (Eberthella), 534 
weaehbergi (Wesenbergua), 534 
weaehbergii (Bacillua), 672 
weaevbergoidea (Bacillua), 533 
weaenbergoidea (Salmonella), 633 
Weaenberqua, 10, 616 
whitmori (Bacillua), 555, 556 
whitmori (Loefferella), 556 
whitmori (Sclerothrix), 555 
Wichita (Salmonella), 527 
wichmanni (Bacillua), 672 
wieringae (Bacterium), 144 
wieringae (Phyiomonaa), 144 
wieringae (Pseudomonas), 144 
winkUri (Bacillua), 693 
winkteri (Bacterium), 689 
winkleri (Neiaaeria), 263 
iciUegoda (Badllua), 633 
iUegoda (Salmonella), 533 
iUmorei (Actinomycea), 966 


GENERA AND SPEaES 

willmorei (Streptomyces), 968 
wilaonii (Eberthella), 634 
winogradakii (Leptothrix), 986 
winogradakii (Thioapirillum), 853 
winogradakyi (Bacillua), 772 
winogradskyi (Nitrobacter), 74 
winogradakyi (Sulfoapirillum), 212 
winogradskyi (Thiospira), 212 
winogradakyi (Thioapirillum), 212 
wirthii (Spherocillua), 580 
Wolhachia, 1098 
wolfii (Microapira), 198 
wolfii (Vibrio), 198 
wolf-iarael (Actinomycea), 927 
wolhynica (Rickettsia), 1094 
woliniae (Bacillua), 533 
woliniae (Bacterium), 533 
woliniae (Salmonella), 533 
woodaii (Bacterium), 143 
woodaii (Phytomonaa), 143 
woodsil (Pseudomonas), 143 
woodatownii (Azotobacter), 219 
Worthington (Salmonella), 527 
wortmanni (Plocamobacterium), 693 
wortmannii (Bacillua), 356,693 
wortmannii (Lactobacillus), 356 
wrigktii (Bacterium), 689 

xanthe (Pseudomonas), 173 
xanthium (Flavobacterium), 173 
xanthinum (Bacterium), 700 
xanthochlora (Phytomonaa), 129 
xanthochlora (Pseudomonas), 129 
xanthochlorum (Bacterium), 129 
xanthochrua (Paeudomonaa), 701 
xanthogenea (Bacterium), 700 
xanthogenea (Vibrio), 700 . 
xanthogenicua (Cryptococcua), 281 
xanthogenicua (Micrococcua), 281 
xantkogenum (Cloatridium), 822 
Xanthomonas, 160 , 171,178 
xanthoatromua (Actinomycea), 974 
xanthus (Myxococcus), 1007,1008, 1042 
xenopa (Eberthella), iSi 
xenopua (Micrococcua), 281 
xenopus (Vibrio), 197 
xerophilua (Micrococcua), 281 

1628 



INDEX OF NAMES OF GENERA AND SPECIES XOrO-Zyth 


xcrose (Corynebacterium), 386, 401 

xerosis {Bacillus ), 386 

xerosis {Bacterium) ^ 386 

xerosis canis {Bacillus) ^ 406 

xerosis canis {Corynebacterium) ^ 406 

xerosis variolae {Bacillus)^ 401 

xylanicus {Bacillus), 758 

xylina {Ulvina), 692 

xylinoides (Bacterium), 187, 693 

xylinoides {Ulvina), 693 

xylinum (Actobacter), 181, 182, 187, 692 

xylinum {Bacterium), 181,187 

xylinus {Bacillus), 692 

xylitica {Vibrio), 207 

xylophagus {Bacillus), 758 

xylosus {Lactobacillus), 363 

yasakii {Vibrio), 702 
yersini {Coccobacillus)', 549 
Yersinia, 550, 703 

Zagreb {Salmonella), 504 

Zanzibar {Salmonella), 524 

Zaogalactina, 479 

zeae {Bacillus), 457 

zeae {Bacterium), 457 

zeae {Butylobacter), 781, 825 

zeao (Fractilinea), 1161 

zeae (Galla), 1168 

zeae {Marmor), 1161 

zeae {Micrococcus), 281 

zeae (Propionibacterium), 876, 377 

zcidleri (Acetobacter), 186 

zeidleri {Bacillus), 185 

zeidleri {Bacterium), 185 

zenkeri {Bacillus), 608 

zenkeri (Bacterium), 608 

zenkeri {Kurthia),&^ 

zenkeri {Proteus), 608 

zenkeri {Zopfius), 608 

zeta {Bacillus), 672 

zeta {Bgcterium), 672 

Zettnowia, 12,13,604 

zettnowii {Flavobacterium), 173 

zeylanicum {Spirillum), 218 

zeylanicum {Vibriothrix), 218 

zeylanieus {Bacillus), 218 


zeylanicus {Spirobacillus), 218 
zeylanieus {Vibrio), 218 
zingiberi {Bacterium), 171 
zingiberi {Phytomonas), 171 
zingiberi {Pseudomonas), 171 
zingiberi (Xanthomonas), 171 
zinnioides {Bacterium), 690 
zirnii {Bacillus), 758 
zlatogorovi {Spirochaeta), 1070 
zonatus (Annulus), 1212,1213,1214,1217 
zonatus (Bacillus), 672 
zonatus {Micrococcus), 281 
zoodysenteriae {Bacillus), 791 
zoodysenteriae hungaricus {Bacillus), 791, 
826 

zooepidemicus (Streptococcus), 316 
zoogleicum (Clostridium), 797 
zoogleiformans {Bacterium), 577 
zoogleiformans {Capsularis), 577 
Zoogloea, 348 

zopfi {Helikobacterium), 608 
zopfi {Streptothrix), 977 
Zopfiella, 705 
zopfii {Bacillus), 608 
zopfii (Bacterium), 608 
zopfii {Kurthia), 608 
zopfii {Zopfius), 608 
zopfii {Bacterium) {Proteus), WS 
Zopfius, 42, 608 
zorkenddrferi {Bacillue), 672 
zorkendorferi {Pseudomonas), 150 
Zuberella, 33,34, 677 
zuemianum {Bacterium), 690 
zuernianus {Bacillus), 590 
zuntzii {Clostridium), 822 
Zygoplagia, 12,13, 

Zygostasis, 12, 13, 705 
Zymobacillus, 30 705 
zymogenes {Coccobacillus), 672 
zymogenes {Mici'ococcus), 327 
zymogenes {Staphylococcus), 327 
zymogenes (Streptococcus), 827 
Zymomonas, 29, 30 
Zymosarcina, 29, 30, 31, 285 
zymoseus {Bacillus), 672 
zythi {Streptococcus), 345 
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